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FACIA. 


to the media, b, 7, d. It occupies the sixth place in the 
the Latin , thus corresponding with the digamma of the old 
, and the vau of the Hebrew. In power and form it is 


Greek 
likewise related to those two letters: [ALPHABET.] 

The letter F is interchangeable with the aspirates ch or h and 
th, and also with the lip-letters p and b. 

1. F in Latin corresponds to / in Spanish, as Latin , beau- 
tiful, ; Latin 


i the 
itself as in ovpap and ovOap; pdgy and OAgy; pAiBw and OAiBw. 
the proximity of the letters 


on 
r. 
F in Latin corresponds to } in German and Epglish, as frang-ere, 
brech-en, to break ; frater, bruder, brother; fago, buche, beech, &c. 
4, F in English and German to pi er eeeS , fell (comp. 


ere) |, fuss, foot; pug-na-re, fech’ to fight, &c. 

FAB. ey tela ta Laide ie ee Gesecal tenn Woeta © Sctitious 

ree Se ee ey © Spenes of didactic 
ition, consisting of a short fictitious i ing a moral 
or precept. As such it is divided into two sorts, the ble and 


: 


tained in the Scriptures, and ‘estament, it 


ine eg hemp raked viour of illustrating his pi ts by 
imi When, for instance, he spoke of the master who, before 
setting out on a long journey, intrusted certain talents or sums of 


, 

money to each of his three servants, he did not mean that such a fact 
had occurred at any particular time, though it might have occurred, 
but he chose this figure as presenting the ways of God with regard to 
the mental or spiritual talents he has gifted men with, and which he 

i and render useful in ion to their 
The second species of moral fable, called apologue, relates 
are 


facts which are evidently untrue, and cannot ar ow sama 

animals, or even inanimate things, speaking, but which serve as com- 

Such was the well-known ne peso of 
e 


addressed to the plebs of Rome, who revolted 
agit the ttn, in which he told them of the various limbs of 
once 


‘ the Frogs is a composition of the nature of the 

1 pologue ; pj being extended to a considerable length, and including 

incidents, it is classed among the heroico-comic poems, 

ly so called, points out only one 

phos incident from which ws a moral, the same manner, 

modern times, the ‘ Animali Parlanti,’ or ‘ Court and Parliament of 
ARTS AND SCL. DIV, VOL, Iv. 


Beasts’ of Casti must be classed among the mock epic poems, although 
it may be said to consist of a series of apologues, each pointing to 
some particular error, or abuse, in the state of society, and in the 
conduct of men. It is probable that the older and simpler mytho- 
logical fables of the gods and heroes among the ancients were originally 
intended by the early patriarchs or priests to illustrate by allegory the 
attributes of the Creator, the phenomena of nature, and the progress 
of social life ; but that in course of time people lost sight of the moral, 
the ee the aan in its literal sense. / 

e oldest collection of fables in any Euro language is in 
Greek prose: the fables are attributed to eg vk much doubt 
exists as to the real author or authors of them. [Asopus, In Bioc. 
a Babrius wrote a metrical version of Aisopian fables, some of 
which were used as materials for prose versions of the A/sopian fables 
by the mediwval writers ;a few were always common, and a large 
addition to them was recovered by Minoides Minas, and published in 
Paris in 1842, [Basnius, tv Biog. Drv.] The fables called the 
fables of Bidpai or Pilpay [Pimray, tv Broa. Drv.] are derived from a 
collection in the Sanserit language, and Lokman is said to have written 
fables in Arabic; but several of the fables attributed to the latter 
appear to be the same as some of those attributed to Ausop, and it has 
been su that Lokman and AZsop were one and the same per- 
sonage. KMAN, IN Bros. Drv.] 

Among the Latins, Phedrus, who lived under Tiberius, is the most 
celebrated : he professes to have taken his subjects from Ausop. The 
MS. of Phxdrus was not discovered before the end of the sixteenth 
century. Avianus, or Avienus, who (supposing the two names to 
mean the same individual) lived under the elder Theodosius, wrote 
a collection of fables in Latin verse. (‘Avienus, Leyden, 1731, 
with a ‘ Dissertation on the Identity of Avianus and Avienus.’) 
Faerno of Cremona, who lived about the middle of the sixteenth 
century, made a collection of A%sopian fables, which he turned into 
Latin verse, and which were published at Rome after his death in 
1564. He was accused of plagiarism, as having found a MS. of 
Phedrus in some library, and borrowed his subjects from it. The 
fables and fable narratives of the middle ages have been well described, 
and their characteristics discussed, by Jacob Grimm, in a preface to 
his edition of ‘ Reinhart Fuchs,’ published in 1840. 

Among the original writers of fables or apologues, in the modern 
enaunet, La Fontaine may be fairly placed at the head. Among the 
English, Gay and Moore ha: itten fables. The Germans have had 
Lessing, G ,and other, and the Spaniards Yriarte and Samaniego. 
Among the Italians, Firenzuola, Crudeli, Baldi, Capaccio, in the 16th 
and 17th centuries, wrote chiefly translations or paraphrases from the 
Greek and Latin fabulists. In the 18th century Pignotti, a native of 
Tuscany, wrote original fables in verse, which were published at Pisa 
in 1782, and have been often reprinted since, Bertola also wrote fables 
(Pavia, 1788), with an essay on fables. Luigi Fiacchi published, under 
the name of ‘ Clasio,’ a collection of fables (Florence, 1807). 

FACADE, in architecture, a French term of modern introduction 
into the English language. It expresses the face or front view of an 
edifice, as the facade of the Louvre, or the fagade of St. Peter's at 
Rome. Fagade was applied originally to denote the principal front of 
a building. The Italians apply the term Facciata for the most part to 
such fronts as have a principal entrance, 

FACIA, a term used in architecture, or in ornamental construction, 
to express the subordinate bands of an architrave or of a frieze. It is 
worthy of notice that in the best examples of Grecian or of Roman 

B 


‘ 


3 E FACTOR, 


FACTORIALS. 


architecture the facias are made to incline inwards from the vertical 
line; as, for instance, in the Parthenon, the temple of Bacchus at 
Rome, the Baths of Diocletian, and the temple of Vesta at Tivoli. The 
facias of the architraves of the temple of Mars Ultor, and of the Forum 
of Nerva, incline outwards; but the optical effect thus produced is so 
unsatisfactory that it may almost be considered to be indispensable 
that the more general rule should be observed. 

FACTOR is a mercantile agent who buys and sells on behalf of 
others, usually being intrusted with possession of the goods, to deal 
with them in his own name, and to receive and give receipts for the 
money, and is remunerated for his services by a re on the 
transaction. A broker acts as a middleman only, having no posses- 
sion of the goods, and properly negociating the business in the name 
only of his principal ; the price does not pass through his hands, but 
he too is remunerated for his assistance by a percentage on the 
transaction. 

No small share of the business of the mercantile world is carried 
on through the medium of factors, living at a distance from their 
principals; whom for their own interest ag f keep duly informed of 
the state and prospects of the market in their immediate district; 
and from whom they accordingly receive consignments, often remit- 
ting thei acceptances for the same in advance, on the expectation that 
future sales will put them in sufficient funds to retire their accept- 
ances when due. As these transactions multiply, the relation of 
principal and agent becomes more complicated in interest, and a clear 
and complete statement of credits and debits on his principal's account 
is one of the most essential duties of the factor, which a court of 

ity will compel him to render, if need be, and for want of which, 
= en refused, an action for damages will lie against him at common 

Ww. 

The law gives him alien upon the property in his hands for the 

eral balance, composed of advances, expences, and commission, due 

his principal; and the produce of gales, as well as the 

before sale, are subject to this lien. He may therefore think it 
prudent for his own behalf to effect an insurance on the property of 
the principal in his hands; and unless he is expressly forbidden he 
may insure in his principal's name, and at his expense; but if the 

incipal requires him to do so, it then becomes his duty, and neg- 
i as to that might leave him answerable for the consequences of 
accidental fire. He has an interest obviously in keeping the property 
mfe. The law imposes on him the duty of exercising ordi care 
and diligence for its protection, but if there is no failure therein upon his 
part, he is not liable for damage happening to it through violence or 
accident, as by robbery, or fire, which a prudent, careful man under 
the circumstances could not have prevented. 

In his transactions about the goods of his principal in the market he 
is bound by the usage of trade, when that is not ly negatived 
by his instructions, If it is not usual therefore to sell on credit, and if 
he yet does so, he is answerable for the consequences of this deviation 
from his authority. In other he is bound to exercise 
porwr skill, caution, and diligence, in the discharge of his duties 
as factor. 

By the common law of this a the factor has no authority to 
pledge the goods of his principal. The disadvantage of this rule with 
— to a class of agents who are in the daily habit of binding them- 

ves by their acce; in favour of the principal, in dependence 
upon the market and their ability to realise the goods in time to meet 
the bills at maturity, became so obvious, that the British legislature 
twice interfered by statute, the 6 Geo. [V. ¢, 94, and the 5 & 6 Vict. 
rhe to anes — és pa Nay resy — a footing suitable to 

necessities of trade a e dictates of prudence, The results of 
this legislation now are, that a factor may pledge goods or documenta 
of title in his possession for advances to himself, with security to the 
lender, provided the advances, which must not include an antecedent 
debt, were bond fide, and that the lender had no notice of the pledge 
being contrary to the factor’s authority, or made mald fide in 
of his principal. If the loan is made on a written contract to deposit 
goods, a pledge in accordance therewith is protected, unless the lender 
have notice of the factor’s want of authority prior to the receipt of the 
goods; and even an antecedent debt is a good consideration for the 
pledge to the extent of the factor’s lien against the principal, if the 
nenaned the time did not know of the factor's agency. Goods or 
ts of title already on pledge may be replaced by. other 
or documents of title in the hands of the pl , subject to the con- 
tinuing lien. Documents of title are now said to be intrusted to the 
factor, 0 as to entitle him to pledge them whether they come imme- 
diately from the owner or in virtue of his having had possession of the 
goods . moa Nraped documents of title before, 
sale by a factor creates a contract between his princi 
buyer, and the principal may maintain an action poll ar pple Hs 
for the price, or by notice may direct him not to pay the money to the 
factor, which is binding on the purchaser, except in 80 far aa the 
factor has » lien upon the money against his principal. In the absence 
of any such notice payment to the factor is a good discharge of the 
debt. By a purchase through a factor in his own name the seller has 
the y,A# soon aa he knows the name of the principal, of taking 
either the factor or his principal as hia debtor in the transaction. But 
if « bargain is effected with « factor under the opinion that he is a 


goods | longer say at pleasure that we can conceive or introduce 


principal, and with a view toa right of set-off 
against him, the disclosure of the real 
wards to deprive the other of his right of set-off. 

The principal may recover against his 
reas ebys ethos? or penipit orig eases ous by loss 
thereby, as if he purchases goods at a limited fraudulently 
sells them again for his own profit. If a pate sgpe: Sk the orders 
of his principal, exports prohibited by 
the same are seized, the loss is the factor’s; 
without the direction of his employer, 
Value, or exports of an improper quality, 
the damage. 


e ; 
kind from those he was directed 
other than that to which he was 


H 
z 


may refuse to aceept them, and ‘may recover any he has sus- 
tained, in consequence of his neglect, from the factor, rights and 
liabilities of merchants and factors are governed by the laws of the 


place in which they are domiciled, and any contract which be 
made by either of them must be governed by the law of he place 
where it is made, and these rules are acted upon 
justice of every civilized nation, Thus, since the passing of the above- 
mentioned statutes, a foreign merchant cannot recover his Headhe 
the pledgee of his factor in England, though he be totally 
the change which has taken place in the law. ae 
There is another description of factor, who acts under what is bg 
a del credere re ney for an ot'the anode commana : 
engages for the solvency of the purchasers of t —— te 
him. This contract, it is evident, arises on the a the 


factor bei — page a bag eesti 1 siding preys: ioe 
ju of ir solvency ci i a a 
seat « Fora long time it was i that under this arrange- 
ment who t with the factor were liable to him and 
peaks wl ae re garg rg emery by Mar er or lg HD” Vv 
ever, been decided that the factor stands in the rélat fo ere 
the persons with whom he deals on account of the ; ' 
he is liable to his employer only in case of their It. Del credere 
is an Italian mercantile of the same signification as the English 


word guarantee, and the Scotch warrandice, 

(See Russell on Factors ; Story on Agency ; Id. on Bailments ; Sir 
Wm. Jones on Bailments ; Paley on Principal and Agent ; Chitty on 
Contracts, by J. A, Russell.) 

FACTOR, a name given to any algebraical ex considered as 

rs of the product 


part of a product. us,aand a+ are the 

@(a4+2), or a+an. 

Pe ta may be made an apparent factor of any other, 
us 


a 
a bus 


b is an apparent factor of a, But 6 is not properly called a factor of a, 


unless it happen that when d is made = 0, +' is not thereby made 
infinite. Thus the two equations 


“a 
show « and «* as apparent factors of sinw, But « is a real factor; «? 
is a fictitious factor. When 


FACTORIALS, The subject treated under this word is one which 
daily becomes of more importance in mathematical analysis, and takes 
its rise at the commencement of glgebra, 

we first begin to number, we easily make the transition from 


respect | integers to fractions, because we are accustomed to consider ourselves 


as reckoning simple magnitude, of which each unit can be divided 
pests og beeisny apr nies ns at (Numper.) Be the unit what it 
may, in the case of simple magnitude, it might as well have 

fraction of what it is, so far as the possibility of 
forming arithmetical operations is concerned. 
count operations, not magnitudes, the case is much altered ; 


Hl 


Certainly, as to additions, we think we 
fractional number of them means. If, 
moment of six additions of 20 and seven additions 
selves what ought to be meant by siv and a half 
imagine that it must necessarily mean six additions of 20, 
an addition of 10. But this notion, 
therefore adopted as a basis, is not 

very well that having proved the equation (a, m) = « + mb to be 
whenever m is an integer, he has n m 


iH 
: 


| 
ty 


fraction : in fact, p(z,m) = 2 + mb cos 2mm would equally satisfy his 
demonstration, a se tnies ceed Gl aie oaeaiane aan 
When we come to reckon numbers of uultiplications, we begin 


i trom the beginnag, ditietiy 


from hoy og say, let a* 
following by a. Now this sym’ 


FACTORIALS. 6 


A name was to be found for this extension. The notion of calling 
a, 23, 24, &e. the powers of «, was an extension of the term as used by 


four | Euclid, which applied to the square on a line only. Not that the 


‘equivalent to more than a multiplication by 36. It is multiplication 
sation 4 ion by 36. ae 
apply an operation in our descrip- 
but we apply the symbol in our symbols, For just 
every a! in a® denotes one multiplication by a, every 
multiplication which le repeated is equivalent to one multipli- 
In like manner a’ is the multiplier which being used 7 
be preeatepedlantieanepds aegse thd wheel map rg 
sim it to put it in connection wi 

od rreter to observe, that in the very 
ITION OF Ratros] the notion of numerical 
iplier i operations was so much in 


language, that spok 
calling. 100° to'l the duplicate 

be traced in to 

me Da i a subduplicate ratio Boch ers 

i means subd means ‘ 

edges pedrmirnal ysirercen saree anateng their 
, and even the advanced stud 
of this part of the subject than he suspects 


=a" when m is an integer, 


E 
a 


E? 


the reader will do w 


z 
F 


ices wis Seataat 
were really multiplications 


i 


ELE 
oF 


2 
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if 


ii 


e 
g 
¢ 
: 


5 . 
e 


in algebra is well known [Rooz.] to be in its 


i 
a 


anf con hoe + V—1sin = 2ke } 


of powers and roots, nothing 
formule than successions of multiplica- 
the multiplier is not always the same, as 1.2.3.... 


+++. (@+0—ID). 


, followed by Kramp 
notation. Con- 
made room in the 

e factor, and wrote 
case of 2™!*, which was made to 

of which is 7, and which alter by a at 


"4 2(u +a) (2+2a)..,..(e+m—Ia) 
aml—4= x(r—a) (x—2a)..... (e—m—Ia) 
(a+ m—1a)"\-4 = gle 
1=1,29.8 wees n=nrl—l, 


'y opens the road to convenient 


eile ita aces ber of striking formule ; take its bin 
a num ) formule ; its binomial 
for instance, 


(a+ ye = ale + nameylia nee tate Have 


caren, wnelogeus to the entinary theerern. 


that 
in England : we do not remember at this moment any writer 
much use of it, except Mr. Peter Nicholson, in his 
Increments. 


square on a line was originally called its power, but that the power of 
a line was measured by the capacity of its square. The object of the 
old geometers was to reduce every area to a square, which enabled 
them to describe it by one line; and hence a line seems to have been 
considered as having more or less power (of inclosing space) according 
as its square was greatér or less: the power being measured by the 
magnitude of the square. The phraseology seems to have reached 
those who were not geometers: thus Diogenes Laertius tells us that 
Pythagoras discovered that * the ‘subtending side of a right-angled 
triangle is as powerful as the two containing sides together.’ But 
those who will smile at the idea of the power of a line residing in its 
square, will laugh outright at the notion of Kramp, who proposed, 
seeing «" represents the powers of «, that the symbol 2*'¢ should 
represent its numerical faculties (facultés numériques), From the . 
powers and the faculties we might have reached, possibly, the feelings 
and opinions, had it not been for Arbogast, who proposed to call the 
different cases of «x*'* by the name of factorials, a term which has now 
gained considerable currency among the German writers, and was 
approved by Kramp himself. 4 
PiMhe French, on the other hand, follow Euler and Legendre in con- 
necting the factorials from the outset with definite integrals, and the 
latter in adopting a specific notation, not derived from that of powers, 
ignifies 1 . 2 .3....2 by I’ (n+1), and hence the name éf 
gamma-functions has been applied to them: they are best called 
factorial functions. bet 
We shall give a slight account of the subject so far as it is in the 
way to be speedily reckoned among the elementary parts of mathe- 
matics. 
A series or a product of terms is only distinctly conceivable when 
® is integer, but if it can be represented by a function in which n 
enters as a usual symbol of magnitude, and not as a number of terms 
or operations, then the function is intelligible, though not the 
representative of the series, when » is a fraction. To take a very 
simple case; it would be absurd to demand the value of 1+2+4+3+ 
erss +(n—1)+n, when 7 is a fraction; but this series is §n (n+1), 
which is always intelligible. 
The equation 
1424+8+.0....+n= 4n (n+1) 


is absurd except when » is a positive integer. In the times when the 
wind ‘less than nothing’ was invented, it would have been said 

Idly that 23 terms of this series are $x 24 x 84, or 35+8, and that 
—7 terms of it are 4(—7) (—6) or 21. All that we should now say is 
that the function which, when x is integer, is equal to 1+.....+” 
becomes 35-8, and 21, when » is 24 and—7. Whether we are likely 
to be the gainers by refusing extensions of language which naturally 
present themselves, remains to be seen: it seems to us that ‘ —7 terms 
of the series 1+2+...+m’ is a very innocent abbreviation of ‘the 
value, when x= —7, of the function which, when isa positive integer, 
is always equal to1+2+...+m.’ But at any rate, mathematicians are 
now in the habit of passing from expressions in which n is an index of 
number of operations, to the equivalents in which n is only an index 
of magnitude, and of using the latter in the most general sense. 

But there is an infinite number of ways of representing, for example, 
a function which is 1+2+....+m when nis an integer. If on be a 
function which is unity whenever n is an integer, such as cos2mn, 
1+sin2xn, &., then 4n (n+1) x om answers the condition as well as 
jn (n+1). It is usual however to start with a radical function which 
is free from periodic multipliers, and there is generally no difficulty 
in deciding upon the selection. In all the cases which are most 
useful, the radical function is the one which is clear of all sines and 
cosines. 

But it is to be remembered that in this branch of the subject we 
have not advanced so far as to make it coextensive with the theory of 
powers ; it is in fact precisely in the condition of the theory of powers 
before the discovery of the multiplicity of values in x" when n is 
fractional. We are thus limited to an arithmetical view of the subject. 

Some writers have censured Legendre for employing a new symbol T° 
(n+1), when 1*'! was already in use: if, which may be doubtful, he 
had heard of the latter before he invented the former, he would, in 
our opinion, still have acted judiciously in inventing the additional 
symbol. He might have argued that it would not be wise to associate 

second symbol with notions which are only true of the arithmetical 
case of it. As soon as the complete theory of the expression shall be 
given, 1"!1 is ready for it; in the mean while T (n+1) expresses the 
n ; 


arithmetical case of it, just as %/ 2™ expresses that of a", 


* We translate quite literally, to show that Laecrtius was not geometer 
enough to know that the subtending and containing was said of the right angle, 
not of the triangle. His words are jeev dévere, Which Kraus, who in his turn 
was not geometer enough to venture the rendering of épbcydviev into Latin, 
translates tantundem valere. We take Laertius as meaning that the hypothenuse 
Was as powerful as the two sides together: whether he understood his own 
Phrase, or only caught it from the geometers, is another question, ‘For othe 
uses of the same phrase, see IRRATIONAL, 


? __FACTORIALS 


FACTORIES; FACTORY-SYSTEM, 


following arw some of the can which are aril intelligible | 
2s ging tah ager, aid in bees Salad Senaliem ieeceaien 


intelligible when ni fractional : — 
1 
1+h+h+....+5=f, ode 


DRE SO wa06i xn=f ev ode 


ip et pte de 
ce e* Ade 
where h=p +9. 
The second exontion, which may be thus written, 
T (n)= f° de 


is the most important. The following are its principal properties : 
1. Tw is finite when » is positive, but is infinite when m is 0 or 
This draws a great distinction between it and 1"! ; for 
the general formula which connects factorials of positive and negative 
exponents, with a common augment, is 


a~™* x (2—na)s#=1 


Tl, which is infinite when »=0, diminishes from thence very rapidly, 
becomes 1 when n=1, and thence further diminishes un 
1°461632..., when it is least, being then *8856032.... From thence it 
— to increase, being 1 again when »= 2, 1.2 when n=8, 1.2.3 when 
4, and s0 on. 

2. The equation I'(n+1)=nIn, so obviously true when » is an 

integer, is always true ; giving also 
T(n+1)=n (n—1)...... (n—m) T (n—m) 


for every integer value of m. Hence a table of values which extends 
through one unit is sufficient ; and the most convenient interval is 
that from n=1to »=2. If, for instance, we wanted to calculate from 
such a table the value of T (54) we should reduce it to 44x 34 x 2h 
x14 xP (14), and take T(1}) from the table. Similarly Tv, when n is 
less than unity, would be found from T (1+7”)+n. en nis very 
small, I'v is 1+-n nearly 

8. The labour of calenlattin the table is much lessened by the 
following equation ;— 


p (p+q)...(ptn—la)=@ 


Tnx T(1—n)= ome 
which is true when » lies between 0 and 1. One very useful result of 
it is Th= Vx. 
4. is a constant to be introduced, which we shall call y, the 


importance of which may in time compete with that of + and «, "Tt is 
the limit of the expression 1+2—'+3-1+..,.+¢—7—log a, as x is 
increased without limit: it is also the value of 


te { y+ ies }atomna otf” log r dr; 
ite value is 
y= 5772156649015328606065,... 
5. If Sa t 1-*+2-"+3-"+.... ad infinitum (See Sum- 


MATION; for some of the values; also ‘ Differential Calculus,’ ‘ Library 
of Useful Knowledge,’ Pp: 554), the logarithm Mahia > of Tx may be 
found in either of the following ways :— 


1 1 
log P(1 + 7)=—7r+ 58,0°—gS,0° + 7 + w—., 
1 wr l+z 
=3 log (==) 4 log (i 


+ (1-9)e— $6, 1)?—7 6,12... 


1 
=5 5 log (2") +(e 4+5 5) log « 


peak ae 
— e+ l2r B6002t**"* 


6, A table of the values of comm, log. P(1+ 7) is given by Legendre 
for every thousandth of a unit from r=‘000 to w=*999: an abridg- 
ment of this table, with means of completing it, is in the ‘ Diff. Cale., = 
‘Library of Useful Knowledge,’ p. 587. .This function Tr is a 
fundamental mode of expression for the results of large classes 
of definite integrals. [Introrats, DerryiTe.] 


7. The function T(n+1) is the value, or one of the values, of | 


1*!*, and we have 


pengeie 1! ‘s le yea 


art (+0) + +(2) 


which holds whenever the second side is real and finite. 
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have been thus appli 
has been brought to its highest state of 
subdivision of employment erste 3 eee - 
bringing So hess Upon ersy Senet Ste eee te ¥ 

is necessary, without waste, are the two and valuable advantages 
of the factory system, The cotton and some of the 
stances connected with them, are noticed under CorTon 


being tasked beyond thelr esapih. re oon eee thet 

i yo eir to permanen' 

constitutions. This abuse was the more to be frome nar 

large pro; pcpationstie children in cotton-spinning are 

employ: el yh maser tare under he ona of th ry 
of workmen, whose earnings greatly upon 

ree hry of time during which they can their assistants at 

work, A parliamentary committee sat the of this 

subject in 1832, and rabeoninaey a commission was by the | 

crown for by examinations at the factorion % 

the kind and degree of abuses that prevailed, and for the 


proper remedies. ee an act was 
in 1833 for factories. Attempts had been made in 1802, 
pe Daeggsin (ts ee Lan Sek Ne EE ee but 
ona 
Act of 1833 (3 & 4Will. IV. c. 103) contains numerous details ; 
but the chief matters that relate to the sone ee ee 
1, After January 1, 1834, no paperclip f tone» be 
P.M, 


ia whioh stent 


or water, or any other mechanical power, is used to pierre: 
ex! in lace factories. 2. No person under 1 be employed 
more than 12 hours in one day, nor more than 69 in one week, 


3. There shall be allowed in the course of every day not less ben 
hours for meals to 7) person restricted to 


12 hours’ work. 4, After January 1, 1834, hil sa empl 
under 9 years of age, except in silk-mills, 5. After March 1, 


shall not be 11 years old; nor ‘after 
12 old; nor after March 1, 1836, who shall n 
these hours of work shall not be 
worked during the og 2.5 
oung persons, Mipie foie 
to two holidays and eight 
Seolired wills obtaining 
emp’ out 0 a 
iy that they are of the 


signed by anne loess or peat at 8, cgi tn - a 
uring pleasure, four persons to be inspectors exten- 
sive powers as magistrates, to examine the “hildree eunloped ta the. 
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copy or abstract of the act shall be hung up in a conspicuous part of 
_ every factory. 13. The inspectors shall regularly, once a year, report 
their proceedings to one of the secretaries of state. There are other 
clauses regulating the hours of working in mills where the use of 
water-power instead of steam-power disturbs the uniformity of the 
working ; to be taken in order to obtain regular certi- 
for the children requiring them; the erection of 
necessary ; and the mode of enforcing the provisions 


ex] ry act was passed, to render 

i on certain points; but with 
hange was made till 1844. Committees of 
of Commons sat in 1840 and in 1841, and bilis were from 
time to time introduced by individual members; but the Act of 1833 


_ for the inspectorship afterwards established by the government when 
obtained, Four i were appointed, and the British 

Islands were mapped out into four great divisions; the cotton and 
woollen district of Yorkshire, Lancashire, and the immediate neigh- 
bourhood, forming the 1st; the eastern and southern counties of 
the 2nd; some parts of the West of England, nearly the 

whole of Wales, and the southern half of Ireland, constituting the 
3rd; the northern half of Ireland, the whole of Scotland, and the four 
northern counties of England, the 4th. Each district was placed 


under one i » who made arrangements for becoming personally 
acquainted with every factory in his district employed for textile 
manufactures. Surgeons were appointed to grant the certificates 


required for the children; a system of occasional supervision was 

eid = i (x te gi meee with 7 a cry 
on any ts culty which occurred ; and the schooling of the 
children was gradually entered upon. One great difficulty however 
___ was this, that many manufacturers, as a means of escaping from the 
provisions of the Act, gradually discharged the children who were 
_ within the specified ages, and employed others of an age to which the 
education and the working-hours clauses did not apply; and many 
_ young children were thrown out of employ in uence, 

The Act rendered imperative some sort of schooling for the factory 
children ; but it did not lay down rules for its government. The 
‘arrangements accordingly became of a very crude and heterogeneous 
_ character. The factory children received their education from five 

different sorts of schools, Sunday Schools, Dame and Private Schools, 

ry Schools, Church of England Schools, and Dissenters’ Schools, 
_ The disposal of the children on Sundays was a matter which did not 
come the control of the inspectors; but the four classes of 
‘week-day schools were those which affected the daily regulations of the 
factories. The dame-schools or private schools, kept by mistresses 
or masters“for their own profit, and not under the control or manage- 
1 of any other person, were of a very mean and inefficient kind, 
utterly , in respect to instruction, books, and discipline, in the 
means of ing out the required object, The factory-schools were 
as were held in or near the factory where the children were 
and were under the control and management of the owner 
factory. The Church Schools and the Dissenters’ Schools, sup- 
ed in many cases by powerful religious denominations, partook of 
general character of such classes of schools, in respect to education 
discipline. Many of the factory-schovls, where the owner cared 
_ -yery little about the matter, were as as the dame-schools; whereas, 
in some cases the mill-owners took Phen interest and expended con- 


‘siderable sums in giving totheschools. At Messrs. Marshall’s, 
t Leeds, Se Repeee ee telling pon exostadine sely as a school- 


Pues metre children, admirably fitted with every requisite 
eased an Act was p og (7 & 8 Vict. c, 15) which came into 
Hs law as to factories. An Oftcn Factory Inopestors wan srtabiched 

a potos of sis fick The Pony af Taupo one 

schools are increased. ifyi ms are to be 


of 


ing of a factory is 
the protection 
effects of the water in wet-flax spinning, and from 


accidents by the machinery while in motion. Children may be admitted 


and employed at eight years of age (the former minimum having 
been nine years), The maximum amount of daily work for each child 
is seven hours, subject to diminution in certain cases. All females are 
regarded in the same light as “ young persons” (that is, persons from 
thirteen to eighteen years of age), as to the limitation of the hours of 
work, The recovery of lost time by the stoppage of machinery, the 
regulation of the meal-times in the factories, the holidays given to the 
children, the control of their attendance at school, the inspection of 
dangerous machinery, and many other points, are modified or extended 
in this Act ; which however preserves the general character of the Act 
of 1833. 

Before touching on the legislation of later years, we will present a 
few statistics of factories. The number of power-looms employed is to 
a certain degree, an index to the extent of factory operations; since 
the substitution of a power-loom for a hand-loom involves the substi- 
tution of a large and well-organised factory for, perhaps, the humble 
cottage of the hand-loom weaver. Ina return male to government in 
1836, the number of power-looms then employed is stated to have 
been about 92,000. There was another return concerning the number 
of factories, and of the. ms working therein, in the same year ; 
this gave about 304,000 persons in about 2860 mills, or 106 to each. 
By the commencement of 1839 the numbers had thus risen :—420,000 
persons in about 4200 mills, or 100 to each. A return for 1848 gives 
a series of numbers under three different points of view; the first 
being according to the kind of textile material; the second, according 
to the location in different parts of the empire; and the third, according 
to the ages and sexes of the workpeople. 


No. of Horse-power Persons 
Factories, employed. employed, 
Cotton 1,819 65,7854 259,385 
Wool 1,738 15,5643 86,446 
Silk 268 2,977 34,318 
Flax 392 9,585 43,487 
Total . . 4,217 93,912 423,636 
* 
England . » « 8,475 77,804 347,007 
Scotland . « * 492 12,448 59,313 
Ireland , ew 95 3,001 14,870 
Wale ca) a IBS 6574 2,446 
Total . «2 4,317 93,9114 423,636 
. 
Males under21 .. . . . . « 100,654 
Males 21 and above . . ‘ o « « (77,999 
Females under 21 163,252 
Females 21 and above $1,566 
Total . ° ‘ . » 423,471 


It may be well to remark that these numbers relate to the work- 
people actually employed within the factories at one or other of the 
above four kinds of textile manufacture. The whole number who 
earn a living by these trades, including those engaged in hand-loom 
weaving, stocking-making, calico-printing, dyeing, bleaching, &c., very 
greatly exceeds the above, and has been variously estimated by different 
writers. 

In 1845, Mr. Horner, whose district was very nearly co-extensive 
with Lancashire, gave the following as the state of his district in that 
year :— 


Workers Workers ~ Power 

Mills, under 18, 18 &aboye, Looms, 

Cotton mills . » 1,724 69,155 128,305 138,717 
Woollen mills 241 5,456 6,485 3,237 
Flax mills. 71 2,255 3,336 cha" 
Silk mills . ‘ 32 3,121 8,324 995 
Total . 2,068 79,987 141,450 142,949 


The great strength of the woollen and worsted trades lay in another 
district, concerning which similar returns were not made. 

In September, 1848, the mills and works within the limits of the 
town of Manchester, subject to the factory laws, were as follow :— 


a Mills, Hands, 
Cotton , ‘ . . . + 96 26,809 
Silk . . ° . ye 2,850 
Worsted . ° 3 169 
Small wares . : w « 1,752 
Print works . . . An ys. * 1,172 . 
Dye works ‘ . s » « 28 1,847 


In 1850 a return was made to the House of Commons respecting 
factories, more detailed and instructive than any before prepared. We 
will give a few of the results, calculated to illustrate different ee 
of the subject, First, in respect to different parts of the United King- 
dom, we have,— 


=) 


ee 


In this table, the horse-power includes both steam-engines and water- 
wheels ve in racy, has machinery in the factories; they are 
nearly in the ratio of four- steam-power to one-fifth water-power, 
The term children is applied to those at and under 13 years of age; from 
18 to 18 the term is young persons. Taking the whole of the 
United Kingdom in one entry, and regarding “only the ages and sexes 
of the persons employed, we find the following numbers :— 

Males, Females, 
Under 13 + 19,400 15,722 = 85,122 
Bie TS SMH) snare = saser 


Total . . 245,180 345,299 = 590,429 


In respect to females, one a young persons and adults, a8 
the same laws now apply to both classes. Of 100 persons working in 
factories, 58 are females and 42 males, About 6 per cent. of the 
workers are under 13 years old. The next classification we shall notice 
is that which depends on the kind of operations carried on. There are 
four classes, as follows :— 


Spinning factories . . ‘ ; . . 2636 
Weaving factories ° « . 6 so eg 
Spinning and weaving factories . . + 1005 
Not specified e . . * . « « 505 


4600 
The five principal kinds of materials employed in the factories, and 


the persons employed in them, are distributed as follows :— 
Persons. 

Cotton factories. . . . 1,932 330,924 

Woollen factories . . « » 1,497 74,443 

Worsted factories ° . . 501 79,737 

Flax factories . ° ss $93 68,434 

Silk factories . . . « 27 42,544 

4,600 596,082 


The number of factories here given (4600) is in excess of that given 
in the first table (4330) ; this probably arose from some of the factories 
being entered twice, in cases where they worked mixed fabrics of cotton 
and woollen, or cotton and silk, or woollen and silk. It is proper also 
to bear in mind that there are a few other discrepancies in the fi 
for different years, not explained in the returns from which they are 
taken. The cotton factories were rather less than half the whole 
number, but employed more than half the entire number of operatives, 
The average number of operatives in cotton factories was 120; the 
a in all factories was 75. Out of the 1932 cotton factories, no 
teen A 1235 were in Lancashire; out of the 1998 woollen and 
worsted factories, no less than 1298 were in Yorkshire. It will be 
seen that a remarkable parallelism exists in these numbers; 64 per 
cent, of all the cotton factories were in Lancashire, and 65 per cent. of 
all the woollen and worsted factories were in Yorkshire. 

The factory legislation since 1844 has comprised five statutes. In 
1846 a new Act came into tion, which brought calico-printing 
works within the of the inspectors. By the terms of another 
Act, passed in 1847, the children and young persons are to work not 
more than eleven hours a day from July 1, 1847, and not more than 
ten hours after the 1st of May, 1848. e same provisions were made 
in relation to women of w age; and it thus arose that all 
women, boys, and girls employed in factories were limited in their 
hours of working, adult males being alone exce’ Another Act, 
passed in 1850, introdyced a few minor changes, ly with a view to 
prevent night-work in" factories, In 1853 an Act was making 
further regulations touching the employment of young chi ic the 
evening or night. It was enacted that, after the lst of September in 
that year, children should not begin work before six in the morning, 
or remain at work after six in the evening; in the winter months the 
hours might be from seven till seven, on due notice being given to the 
sub-inspectors ; work to end on Saturdays at two o'clock. ese regu- 


lations, a pr to exceptions under special circumstances, were to be | by the 


with such of the provisions of previous statutes as were 
not ied or modified by them. In 1856 an Act was passed to re- 
move doubts concerning the statute of 1844 in reference to mill-gearing ; 
the mill-owners had interpreted this statute in one sense, the 
in another; and thereupon the new Act declared that the mill- 
should only apply to such parts of the machinery as children, young 


sures | England and Wales. 


1857, a strenuous effort made some of the 
their advocates in parliament to o' a‘ 
ccess, 


nl FACTORIES ; FACTORY-SYSTEM. FACTORIES; FACTORY-SYSTEM. Aa 
; persons, and women are liable to be either in g 
s. | | | or in their ordinary occupations Oe tees ah tien ome 
HH LE i tions and recriminations had arisen on this subject, and the statute 
& | was intended to settle the question. B, 
i It will be seen, on reference to the articles Bumacniye and Cattco- 
Petes "4. }| 8,680 | 22,850,010 | 272,588 | 109,824 | 94,155 | 495,707 | | PRET td ech Gpeaperie teuker ae prdicbrewectt moneda tts — 
Scotland . «| 560] 2,256,403| 29,811 | 19,661/ 929) 75,688) | weaving factories and print-works. Much uiry by 
Ireland ¢ . «| 91] 582,303 2,517/ 4,532/ 38) 24,687) | and much debating in ent, were bestowed upon this subject in 
the periods between 1854 and 1857. For a brief statement of the results 
Total | 4,330 | 25,638,716 | 298,916 | 134,217 | 85,122 590,082 | we refer to the articles above named, ‘There was also, about the year 
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yearly reports of the inspectors advert to current events, 
and not to total results. The five kinds for textile 
(cotton, woollen, worsted, flax, and silk) were all examined, 
Pet f= idle Bend pe rar secre cota g! yp may ear 
down all. These particulars, and figures relating to 
them, we will t in a more condensed form, sufficient for the 
present purpose :— 


Cotton.  . ./2,210/28,010,217/298,847| 97,192/157,186/222,097 3 


1,786,972) 14,453) 25,001) 45,583 


33,508) 79,091 
1,324,549) 38,956) 14,904, 30,023) 57,771) 87,794 
1,288,043) 7,689 18,322) 23,446) 56,816) 80,262 
1,093,799} 9,260 5,176) 16,899) 39,238) 56,137 


38,503,580) 869,205 161,485|273,137 409,360/682,497 


England and 
Wales sf 432 
Scotland . «| 530 


Ireland e «| 155 


241,809,330,768|572,077 


21,279) 56,153) 77,432 
10,549) 22,439) 32,988 


30,122,165 


2,643,049 
738,360 


339,382 133,092 


26,435| 19,706 
3,388) 8,037 


The largest items 
26,000,000 evn 


sewing-machines are 
700 in number; and 


employ 1800 women 


of course relate to the cotton manufacture in 


The figures are truly astonishing ; 2,050 factories, 

280,000 er 86,000 for 
moving ery, 14,000 card em) under 1 134,000 over 
13, 10,000 females under 13, and 180,000 over 13. the interval 
between 1850 and 1866, the several items, as will be seen 


» varied eq themselves, 
inane eon gf hgh we Ag | Taking 


four 
different years, operatives, it has been 
found that the latter have changed somewhat in the relative per- 
centage. . 
Males and 
Females Males Females 
Years, under 13, over 13. over 13. 
1885 «, 18 OT lt Om 
1888 4, «66 lCUt COMCUCOHK 
1850 .. 6 + 88 + 86 = 100 
1856 4, oF + 8 + SF = 100 


This seems to show that women have increased in number in factories 
more rapidly than men, boys, or girls, 4 

In the article Empromery anp Sewing Macures, it is ad 
Chap shirts, collars, woe) eile Rat Leahy Sunes Tee Yle Sae 
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( girls) earn about 6s. per week each on an average; some, who 
are and clever, occasionally earn as much as 20s. In one of the 
seuiktakinente the sewing-machines are driven by steam-power, and 
are fitted with patent self-acting regulators, still further to increase the 
automatic action. Besides these machine-sewers working in factories, 
there are 16,000 hand-sewers scattered over the counties of London- 


_ derry, Donegal, e, Fermanagh, and Antrim. . 
Do we ne thm conclusion, that in the United States, spinning 


__ and weaving factories are mych more frequently owned by joint-stock 
, icephisies Shani in England. The celebrated cotton factories at Lowell, 
_and numerous others in the northern —_ 4 the a ea 7 
‘companies ; are large, well provided with machinery, and wor 
Pt iewes maintain a aneaitia’ higher status than those of 
2 This may in part result from the more general diffusion 
of education in that country, a fact of which there seems to be no 
doubt. In these large American spinning and weaving mills, owned 
ies, the ah ene often tape vie beatmag in — 
‘many of the workpeople—especially girls and young women away from 
_ their parents’ adaestel supplied with food and lodging under a 
gp rere system, and at prices calculated rather in relation to 
the well-being of the persons themselves than to the realisation of a 
FACULTIES. [Untversrry.] 
__ FAGINE. An alkaloid of unknown composition contained in the 
Weech-nut, Fagus sylvatica. 
FAGOT, SAP-, a small kind of Fascrye, about 3 feet in length. 
FAINTING. [Syncorz.] 
FAIR, an annual or fixed meeting of buyers and sellers; from the 
Latin feria, a holiday, Fairs in ancient times were chiefly held on 


ntly, before many flourishing towns were established, and the 
necessaries or ornaments of life, from the convenience of communication 
and the increase of provincial civility, could be procured in various 
a and commodities of every kind were chiefly sold at fairs, 

aa to which, as to one universal mart, the people resorted periodically, and 
“ supplied most of their wants for the ensuing year. The display of 
merchandise and the conflux of customers at these the most com- 
prehensive markets for domestic commerce was prodigious, and they 
(a rh often oo open and extensive plains. Sieg 
_ his ‘ of English ; has given a curious account of that 
of ee, Gila iver Oiwn, wert Winchester. It was instituted and 


round, and comprehended even Southampton, then a capital trading 
5 ; and all merchants who sold wares within that circuit, unless at 
the fair, forfeited them to the bishop. As late as 1512, as we learn 
from the Northumberland Household-book, fairs still continued to be 
_ the principal marts for purchasing necessaries in large quantities, 
wi are now supplied by the numerous trading towns. 
Philip, king of ce, complained in very strong terms to Edward IT. 
in 1314 that the merchants of England had desisted from frequenting 
the fairs in his dominions with their wood and other goods, to the great 
loss of his subjects, and entreated him to persuade, and, if necessary, to 
P pel them, to frequent the fairs of France as formerly, promising 
possible security and encouragement. (Rym., ‘ Food.,’ tom. iii., 
) 


When a town or village had suffered from misfortune, by way of 
! to re-establish it, a fair, among other ivileges, was sometimes 
This was the case at Burley, in Rutlandshire, 49th Edw. III. 


les of Stow and Grafton, published in Queen Elizabeth's 

of the fairs of England according to the months. 
can be held but by a grant from the crown, or 

supposed to take its rise from some ancient grant, of whi 


of Frankfort-on-the-Mayn and Leipzig are still pre-eminent 
each is held three times a et Leipzig at these times 
and exchange of Central Europe, and is visited by mer- 
i from the most distant parts of the globe, some- 
of thirty or forty thousand. The whole book- 
is centred in the Easter fair at Leipzig. Nishnei 
in Russia, at the confluence of the Oka and the Wolga, has 
fair in June, at which an immense number of traders 
of them from the most remote parts of Asia. 
sort of imaginary spirits of both sexes in human 
_ shape, who are fabled to haunt houses in companies, to reward cleanli- 
‘ess, to dance and revel in meadows in the night-time, and to play a 
thotisand freakish pranks. Both sexes are represented generally as 
thed in , and the traces of their tiny feet are supposed to 
‘emain visible on the grass for a long time after their dances: these 
fe still called fairy-rings or circles. ‘They are also fabled to be in the 
tice of stealing un infants and leaving their own progeny 
hei Besides terrestrial fairies, there was a species who 
lt in the mines, where were often heard to imitate the actions 
th to whom t were thought to be inclined to do 
fairies was called * knockers,” and 


was said to point out the rich veins of silver and lead. Some fairies 
are‘fabled to have resided in wells. It was also believed that there 
was a sort of domestic fairies, called, from their sunburnt complexions, 
Brownies, who were extremely useful, and who performed all sorts of 
domestic drudgery. The words fairy and browny seem at once to point 
out their own etymologies. 

Bourne, in his ‘ Antiquitates Vulgares,’ supposes the superstition 
relating to fairies to have been conveyed down to us by tradition from 
the Lami, or ancient sorceresses; others have deduced them from 
the lares of the Romans. Dr. Percy tells us, on the assurance of 
a learned friend in Wales, that the existence of fairies is alluded to 
by the most ancient British bards, among whom their commonest name 
was that of the Spirits of the Mountains. The most general conjecture, 
however, is, that these imaginary people are of Oriental origin, and 
that the notion of them was first entertained by the Persians and 
Arabs, whose traditions and stories abound with the adventures of 
these imaginary beings. The Persians called them Peris ; the Arabs, 
Ginn ; and the Arabs assigned them a peculiar country ‘to inhabit, 
which they called Ginnistan, or Fairy-land. 

8 re has been singularly happy in his dramatic exhibition of 
fairies. The belief in these fabled beings has still a fast hold upon 
the minds of many of our rustics, which may perhaps be considered 
as a remnant of that credulity which was once almost universal. 
Poole, in his ‘English Parnassus, has given the names of the fairy 
court, their clothing, and their diet. Dr. Grey, in his ‘Notes on 
Shakspere,’ gives us a description, from other writers, of fairy-land, a 
fairy entertainment, and fairy hunting; and Dr. King has given a 
description of Orpheus’ fairy entertainment in his ‘ Orpheus and Eury- 
dice’ (edit. 1776, vol. iii p. 212). Wieland in his ‘ Oberon’ gives 
an account of the quarrel of Oberon and Titania, with consequences 
varying considerably from those detailed by Shakspere in his ‘ Mid- 
summer Night’s Dream.’ A charm against fairies was turning the 
cloak. The reader who would look further into fairy mythology ma‘ 
consult Percy’s ‘ Reliques of Antient English Poetry;’ Sir Walter Scott’s 
‘Essay on the Fairy Superstition,’ in the ‘ Minstrelsy of the Scottish 
Border ;’ Keightley’s ‘ Fairy Mythology,’ published in 1828, in which 
the legends of different countries are collected; and Jacob Grimm’s 
* Deutsche Mythologie,’ 1835. 

FAITH (ides, in Latin), means belief or trust in a fact or doctrine, 
and is more especially used to express the belief of Christians in the 
tenets of their religion, and also by figure to mean that religion itself. 
The great divisions of Christianity, the Roman, the Greek, the Reformed 
or Calvinist, the Episcopal English, the Independents, and the Protestant 
or Lutheran churches, have each separate confessions of faith, but they 
all acknowledge the great fundamental points of the Christian faith or 
religion, namely, the inspiration of the Scriptures, and the divinity of 
Jesus Christ. [Conrxsstons.] In the earlier ages of the Church the 
chief controversies of theologians, especially in the East, ran upon 
metaphysical questions concerning the mysteries of the Trinity, the 
Incarnation, and the divine nature of the Saviour. In modern times 
controversy has run more frequently upon moral questions concerning 
the conduct of men, the requisites of salvation, and the discipline of 
the Church, Faith, the necessity of which is acknowledged by all 
Christians, has been viewed in various lights with respect to its efficacy. 
From the earliest ages the Church has taught that faith, or belief in 
the Redeemer, joined with good works, was necessary for the justifi- 
cation of man; that good works, that is, works acceptable to God, could 
only be produced by the Spirit of God influencing the heart, but that 
the human will must co-operate with grace in producing them, though 
the human will alone is powerless to good unless assisted by divine 

Still, man being a free agent, the will can call on God, through 
the merits of the Saviour, for a measure of his grace to assist its own 
efforts. Thus the co-operation of God and man was held as the means 
of the justification and salvation of the latter. Luther, however, and 
Calvin, denied the power of the will to call on God for his grace ; they 
substituted faith, and faith alone, in the merits of the Redeemer, as the 
means of salvation, by which faith man firmly believes that his sins are 
at once remitted, But this faith must be sincere, absolute, without a 
shadow of doubt or distrust ; and as man cannot of himself obtain this, 
it can only be given to him by inspiration of the Spirit of God. Here 
the question of faith becomes involved with those of grace and predes- 
tination. As for our works, both Luther and Calvin Jook upon them 
as absolutely worthless for our salvation. Some fanatics, and the 
Anabaptists among the rest, drew from these premises of the leading 
reformers some very dangerous consequences, which Luther and Calvin 
had not anticipated, such as that men might live as profligately as they 
pleased, and yet, by the inspiration of divine grace, might obtain the 
faith requisite for their salvation. 

The opinions of Luther and Calvin on the subject of faith and 
predestination have been since nei | modified by many Protestant 
divines, who haye admitted that the will of man must co-operate in 
order to obtain the grace necessary for justification. The Roman 
Catholic church admits the merit of good works and repentance, united 
with faith, for the purpose of salvation, But then, it requires an 
absolute faith in all the decisions of its general councils in matters of 
dogma, without the least liberty of investigation on the part of the 
laity, and without any doubt, for doubt itself is held to be sinful. The 
Reformed and Protestant churches, generally speaking, hold faith in 
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FAKIR, an Arabic word, “ poor,” which is applied to the 
ascetics of several of the eastern world. In this sense it is 
with the Persian and Turkish dervish. The word fakir is 
Ghiely used in India There are fakirs who live in communities like 
aplerae lc oh eng Nant lit pe i 
or a strange ys of self-penance morti- 
Many of them are considered as hypocrites, and others are 
ics or idiots, [Dervisu. 
FALCONRY, or HAWKL G, the art of training and flying hawks 
birds. Julius Firmious, who lived in the middle of the 
is the first Latin writer who speaks of falconers and the 
of bird to fly at and catch another. The 
, practised in the East from 


one 


searcely stirred out without a hawk u 

Slenrsnards Kies ot Hagen, Sica copioeated ta sha fapies lenetaer 
0! is thus represented in eux 

when visiting e court of William, duke of Normandy. 3 

In ‘Domesday Book’ the practice of falconry is illustrated by 
numerous por In several places we find a sum, no less than ten 
pounds, made the optional payment instead of a hawk 
(‘Domesd.,’ tom. i., fol. 134, b. 172, 230); and once, at Worcester 
(tom, i, 172) a Norway hawk is specified. Aeries, or ‘places destined 
for the breeding or training of hawks, are entered in the Survey in 

Buckinghamshire, Gloucestershire, Worcestershire, Herefordshire, 
Shropshire, and, more frequently than in other counties, in Cheshire, 
as well as among the lands between the Ribble and the Mersey. 

Nor were hawks less at subsequent periods. According to 
Madox (‘ Hist. Exchegq.,’ i. 273), in the 14th Hen. IL, Walter Cnot, one 
of the king’s tenants, rendered his rent at the exchequer in 
hawks and three girfaleons. King John had also his hawks (Pat. 4, 
Joh. m. 2); and upon the Patent Roll of the 34th Hen. III. a copy 

occurs of the letter which the king sent in that year to the king of 
Norway for hawks. In the 34th Edw. IIL. it was made felony to steal 
a hawk; to take its eggs, even in a pergon’s own ground, was punish- 
tne’ with imprisonment for a year and a day, besides a fine at the 

leasure, In Queen Elizabeth's reign the imprisonment was 

erly to three months; but the offender was to find security for his 

food bsbaviour for sven year, or lie in prison till he did. (Pennant, 
* Brit. Zool.,’ 8vo, Lond., 1812, vol. i., p. 212.) 

By an entry, upon the Originalia Rolls of the 35th Edw. IIL 
(‘ Origin.,’ vol. ii., p. p. 267) it appears that a falcon gentil cost 20s.,a 
terail til 10s.,-a tersil lestour 6s, 8d., and a lanner 6s. 8d. : these 
were the prices which the sheriff was to give for hawks for the king’s 
use. In an account-book of the 20th Hen. VIII. a goshawk and two 
falcons are at 3/., and five falcons and a il at 8. Bert, in 
his Address to the Reader, prefixed to his ‘ Treatise of Hawkes and 
Hawking,’ published in 1619, says he “had for a goshawke and a 
tarsell a hundred marks.” 

Falconry was attempted to be revived by George, earl of Orford, 
who died in 1791 ; an in Yorkshire, Col. Thornton had a hawking 
establishment at a rather later period. Sir John Sebright and a few 
other gentlemen also practised it in Norfolk at the beginning of the 
present century. Asa rural diversion, however, poet in conse- 
quence of the enclosures, it has gone into disuse, though there are still 
occasional attempts made for its revival. 

A list of the hawks which were most used by rtsmen in the time 
of Charles I. is given in Walton’s ‘ Complete er ;’ and an explana- 
tion of the words of art in hawking will be found in Latham's * Falconry,’ 
4to, Lond., 1633. 

The earliest printed treatise on hawki in English is the ‘ Book of 
St. Alban’s,’ fol., 1481, ascribed to Juliana es or Berners, abbess of 

well. BERNERS, JULIANA, in Btoc. Drv.] There are numerous 
er and curious treatises upon falconry both in French and English, 
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to 30 feet second, and #0 

Neglecting the resistance of the ai, Jet us fiat mu 
a ) to enered Se Se Oe eee 

law of its ae ~egeb pre Sova uniformly 
action en 
cause it to describe 84 feet i 
rate of motion is 33} feet 
per second, and so on; 


being ap Seas apron 6 pares Gao eae 
j= 
fa a tae seconds which the motion has lasted 
when the body has attained a velocity of v feet per second, and described 
a length of ¢ feet, 
First, suppose the bullet simply to drop without any initial impulse 
being communicated. Then 
v=gt, Cada 
at , Suppose the 
"SSoey 
of g feet per second to the velocity, and we have 


v=a+gt, s=at+4g?, Y—a=2ya. 


Thirdly, su the bullet to be projected upwards with a veloci 
of u foek t ees The action o oe poxth cies 4 
ines of wAnaliy si xa tis sabe ak 39) toh lock pac meee lasts 
the veloci of the bullet is entirely destroyed, after which it b 
rere without any initial impulae, and we have the first c: 
re) 

uring the ascent 


v=a—gt, s=at—}g@, 


and the height through which the bullet will ascend is ats2y 
safer lege op of EG need After this the first case 


e—vr=2g4, 


negative, et tos ea 
place and the bullet has begun its “lceveni ahd also Tae 
en he Uhadonet to mean that the descent has con- 
prep until bullet has erreed tarough sheeoken from which it was 
first thrown, and fallen below it. For instance (supposing g=32 for 
simplicity), let a bullet be projected upwards with a velocity of 100 feet 
per second, where will it be, ead a hae rate will it be moving, at the 
end of ten seconds ? 

v=100—32 x 10=—-220, or the bullet is moving downwards at the 
rate of 220 feet per second. 

s=100 x 10—§ x 32 x 10?= —600, or the bullet is 600 feet below the 
point from which it was thrown u wards, 


A amare tg defined by Archbi seer ungound mde 
of arguing w! a to carry conviction to ive 
question in hand, ian tn fetctioes it is not, Bentham’s definition in 
hie Book of Palicis” ma cenionay ae name of Pgh 
to designate an, ent em or 

pose, or with mi ty, of pro bd - of deception -of 
causing some erroneous 0) tis Maaboricin person to 
whose mind such i may fo i enteraned ay br 
if an argument be u edly viiows, ad. without an attempt at 
deception, it is more correctly termed . pee it is the in- 
tention of fraud that constitutes the cy or There is, 
however, a legitimate use of pecs bee is too r 


writers on logic 


some of them of very rare occurrence, ‘Le Miroir de Phebus, avec two opposite and confli cases, 5 tnfered, inch as 4 SEE 
l’Art de Faucinerie, published at-Paris in 8vo, Hprarccen date, was the | deduction, that the hypothesis upon which they both rest is false and 
first work upon the subject printed in the untenable, but that the truth is intermediate. In like did 

FALL OF BODIES. Under this head we p: Seay icasiaa Zeno of Elea infer the inadequacy of sense to represent the truth, fire 
ids lave which regdinds the fall of & mastered weibetanse bstance, supposed | his conclusion that either a bushel of corn must make no noise 
either to be allowed to drop or to be projected directly upwards or FE ee ee a han “iene be 
downwards, The motion of a body projected ia ons Otis oF ede ible to the ear. Again, the famous ‘M s of the 
zontal direction comes under Prosgcti.es, Tuvory or ; the nature of | Heap and the Bald-head’ (acervus calvus), in which it is prov 1 that 
the forces which cause the descent or retard the ascent, under AcceLE- bare notions are incapable of any ) 


RaTeD Motion, Acceteratine Foror, AcceLeration, Attwoop's 
MAacurne, Graviry, &c.; and the circumstances which influence more 
or less the results about to be specified, under ProsgctiLes, Restst- 
aNcr, Motion or THE Eantu, Motion, Laws or. 

The resistance of the air does not greatly affect the motion of bodies, 
unless either—1, the bodies themselves be very Peete ©. 300 cme 6 
feathers, or, 2, the velocities be very great, as in of a cannon-ball, 
pin ar to which this resistance acts is not well ascertained 


font ts to say that it is as the square of the vel 
whatever resistance there may be to a velocity of 1 


velocities, but for moderate velocities it is not far from the | dictione (mapa 
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1 fa Heap and Bald-head) are unavailable for pra pel 
by to call attention to the difficulty of into science the 
vague representations of sense. 
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tnv Adkw) where it lies in the subject-matter. The former 
have by the schoolmen formal, 


the 
Whately proposes the terms logical and non-logical ; which terminology 


FALLING STARS. 


FALLOW. 18 


has at least the advantage in a scientific point of view that it excludes 
from the domain of logic much that is extraneous to it ; for the fallacies 
_ of form may be reduced to the syllogism with four terms which the 
: } process of demonstration can alone discover, whereas those 
_ of the matter must be corrected by the formation of valid principles 
and a correct generalisation of terms, which belong to the synthesis of 
_ induction, which is totally alien from logic as the science of demon- 
__ strative reasoning. 
____ For an enumeration and exposition of the several sophisms, see the 
‘sections on in Whately’s ‘ Logic ;’ and for the exposure of that 
‘class of fallacies which he has called political fallacies, the work of 
Bentham, already cited. 
FALLING STARS. [Asrrouites.] 
FALLOW operations are those acts of cultivation which depend for 
their fertilising influence rather on the mere tillage of the soil, its 
_ disintegration, disturbance, and exposure to external agencies, than 
_ on the direct addition of fertilising matter. Originally the term fallow 
applied to that portion of land in which no seed is sown for a whole 
year, in order that the soil may be left exposed to the influence of the 
att ere, the weeds destroyed by repeated ploughings and harrow- 
ings, and the fertility improved at a less expense of manure than it 
would be if a crop had been raised upon it. Even then a large portion 
_ of the benefit derived from fallow was attributed to the mere tillage 
yi , included in the term; but, in addition to this, manuring 
was (and indeed still is) an almost invariable part of a summer fallow. 
A bare summer fallow is, however, now comparatively rare, and 
fallow crops, those which allow of fallow operations during their 
growth, are the fertilising agents substituted in its place. 
The practice of fallowing land is as old as the Roman Empire. If 
_ appears that wherever the Romans extended their conquests and 
_ planted colonies, they introduced this mode of restoring land to a 
certain degree of fertility when exhausted by bearing grain. The 
principle on which it was recommended was, however, erroneous. - It 
was thought that the land grew tired of raising vegetable produce and 
ig ety rest, and hence this rest was often all that constituted the 
; the tillage, which alone is the improving part of the process, 
_ being almost entirely neglected. Where land was abundant and the 
ion thin, it was no great loss to allow a considerable portion of 
the soil to remain unproductive ; and it was cheaper to let land lie fallow 
the course of a whole year, which gave ample leisure for every 
ion, than to accelerate the tillage and increase the manure put 
_ uponit. But when land becomes of greater value with the increase of 
- it is a serious loss if a great portion of the soil be thus left 
_ in an unproductive state. Accordingly the attention of agriculturists 
_ has been turned to lessen the necessity of fallows, and to substitute 
_ some other means of restoring fertility. It is acknowledged by all 
experienced farmers that manure alone is not sufficient for this pur- 
pose. The ground must be tilled and noxious weeds destroyed ; and 
the op Tenge mode of doing so is to stir the ground at the time 
-> ir seeds have vegetated, their roots have made shoots, and 
before any new seed can ripen. But this is exactly the time when 
corn is usually growing, and when the land cannot be stirred to 
expose it to the heat of the sun and to dry the roots which are turned 
up. The only ap t remedy is therefore not to sow it during one 
a , and on this principle lands are usually fallowed. The manner 
jn which this is done has been noticed before [ARaBLE Lanp]; and 
ommon process is so simple, that, provided the pu of 
lowing be kept in view, the operations require only a little attention 
to time and weather to be performed aright. 
_ There is no difference of opinion phe ace the manner of extir- 
_pating weeds by repeated ploughing and harrowing, but there is with 
respect to the influence of the heat of the sun upon the land. Some 
‘men are of opinion that light is the great purifier of the soil; that it 
decomposes certain noxious particles, which are the result of the 
formation of the seed, and which have been termed the excrements of 
4 = Physiologists agrée that the roots draw the nutritive juices 
' of the soil, that they undergo a chemical change in the plant, and 
hat there is an exudation also from the roots, which may be looked 
on as the residuum of the natural process. De Candolle, Raspail, 
d other eminent physiologists have placed this point beyond con- 
ersy ; but no one has yet been ablegto collect these matters so as to 
yse and compare them; and the reasonings on the subject have 
merely conjectural. In particular soils and situations a scorching 
n has a i effect on the soil which is exposed to his rays ; 
on d where it is shaded by a crop which covers it completely, it seems 
to have acquired fertility, which the exposed surface has not. But 
_ this is not sufficient to establish a general rule. Some soils which are 
“a wet nature are greatly improved by being as it were baked in a 
un. Not only are the weeds destroyed by the abstraction of 
‘moisture, but the soil thus becomes lighter and more friable. On 
_ Bandy soils the reverse is the case, and on intermediate loams the 
_ effect will be more or less advantageous as they approach nearer to the 
orto the sand. In light sandy soils, then, it is probable that the 
advantage of a naked fallow is to kill weeds, especially the couch- 
(Triticum repens), which is apt to infest light soils : and that the 
ire to the sun in hot weather is not only no advantage, but 
ly detrimental. If, then, any means can be devised of clearing 
ght lands from weeds without leaving them fallow for a whole 
ARTS AND SCI. DIV. VOL. Iv. 
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summer, a great advantage will be obtained. This ha been effected 
completely by the cultivation of turnips and clover, which was first 
practised in the light soils of Flanders, and afterwards introduced into 
the similar soils of Norfolk, from whence it has spread all over Great 
Britain, and is beginning to be adopted more generally in Ireland. 
The advantage of the turnip culture is so great in light lands, that it 
has gradually been extended through the different gradations of loams, 
till it has reached even the colder and stiffer clays, on which it would 
at one time have been thought absurd to attempt to raise this root. 
But this has been attended with an important benefit. It has made 
the cultivators of heavy soils turn their attention to the drying of 
their lands, by draining, and to improving their texture by burning 
and by deep tillage, in order to make them capable of bearing turnips ; 
and although the extended culture of this useful root is not what we 
should recommend for cold wet clays, we highly approve of all 
improvements which will make such lands capable of bearing good 
crops of turnips. Unless the turnips can be consumed by sheep on 
the spot, or by cattle near at hand, without injuring the land in taking 
off the turnips and carting on the manure, there will be no great 
advan in a crop of turnips; and some other substitute must be 
found for the occasional fallow before it can be altogether abandoned. 
The great hope of the clay-land farmer, as to the possibility of the suc- 
cessful cultivation of a fallow crop on such land, rests on the mangold- 
wurzel and the cabbage crop [Cappace; Manaoxp, Cultivation of], 


which are especially fitted for soils of the stiffer class, On light lands =~ . 


the preparation for the turnips, the abundant manuring, and subsequent 
hoeing, are as effectual in cleaning the land and bringing it into a 
fertile’ state as any complete fallow could ever be; and the clover 
smothers and destroys the seed weeds which may have come up 
amongst the barley or oats sown after the turnips. There are several 
ways in which the cultivation of light soils may be varied without 
adhering strictly to the Norfolk rotation, so as to introduce a greater 
variety of produce. Tares may be sown on the better sorts of light 
lands after a good tillage given immediately after harvest. If they 
are fed off or cut green in May and June, early turnips may be sown 
after them, which will be fit to feed off or draw for the cows in 
September, in good time for ploughing up the land for wheat-sowing. 
In this case the land gets all the ploughing necessary to clean it com- 
pletely, and exactly at the best time. Three ploughings may be given 
after the tares if the land is not clean, and the turnips being well 
hand-hoed and horse-hoed, the land will be perfectly clean to receive 
the wheat-seed. Manure may be put on for the tares or the turnips; 
and if these are fed off with sheep, they will so enrich the soil, that 
the next crop cannot fail to be abundant. As a general rule, however, 
tares are better adapted for the clay soils ; and rye isa better crop to take 
before turnips on sandy loam. By varying the management of light 
land according to circumstances, and with some judgment, many more 
profitable crops can be raised than by the common simple rotation, in 
which a fourth of the land is sown with turnips. If this crop fails, 
which is often the case where it recurs so often, the whole system is 
deranged, and the loss is very great. The introduction of a greater 
variety of produce in the cultivation of light lands, in imitation of the 
Flemish practice, and the increase of stock kept in consequence, would 
be an important step in the improvement of British husbandry. 

On heavy soils it is often impossible to keep the land clear of weeds, 
in wet climates and unfavourable seasons, without a complete fallow, 
and when this is the case it is best to do the thing effectually. Upon 
cold wet soils, which should always first of all be well under-drained, 
no pains should be spared to get the land perfectly clean: if both 
climate and circumstances interfere with the thorough cultivation of a 
fallow crop, then let the soil be exposed to the frost of two winters 
and the heat of one summer and part of another, as already mentioned 

ARABLE Lanp.] Only one crop is lost by this method, and if the 

dis properly worked, cleaned, and manured in autumn, it may be 
sown with barley or oats in the spring of the second year. The crop 
will be ample, and the subsequent produce of clover equally so, and 
the land so clean, that, with proper manuring, several crops may 
succeed, such as wheat, beans, oats, tares, wheat, without the necessity 
of another intervening fallow. The advice we would impress on the 
minds of the cultivators is—Avoid fallows if you can keep your land 
clean; but when you fallow, do it effectually, and improve the soil at 
the same time by chalk, lime, or marl, according to circumstances. 
Do not spare either ploughs or harrows in dry weather. If you dare 
not trust to the drainage which the land has received, then lay the 
stitches high and dry before winter, and deepen the water furrows 
well with the spade. By following these rules the stiffest land may 
be brought into a good state of cultivation; and the farmer will not 
find, by the growth of weeds, docks, and thistles, that his labour and 
manure are thrown away, as is too often the case. Experience has 
fully proved that the air and the dews impart fertility to the soil, and 
that land which has been well fallowed and stirred requires less 
manure than it would otherwise do, Fallowing alone will not make 
up for want of manure, nor will manuring be sufficient without 
ploughing and cleaning the land properly, and exposing it to the 
influence of the atmosphere, especially in autumn and in spring; but 
a great saving of the one and the other may be effected, by judiciously 
varying the crops so as to admit of ploughing the land at different 
seasons of the year. 

c 


20, 


51) FALLOW. FALSETTO. 

It is asserted by some qld-fashioned farmers that the plough alone care for the mistake which has been made, We cannot but 
is sufficient for all the purposes of fallowing. This is a t error, | believe that an experience at once so consistent and so remarkable will 
which leads to useless and unnecessary labour, We almost say | ul: en ee 
that ploughing the fallows is never , except to enable the| FALSE IMPRISONM is an unlawful arresting or 
drags and harrows to stir the land. The first ploughing of the stubble legal process, In 

false imprisonment, for which 


cannot be too shallow, and the harrows should be set to work before 
the wet weather sets in. When the surface is become mellow and 
clean, the land may be ploughed deep, and the soil below should be 
brought up and exposed to the air and frost all the winter. In spring the 
begin the work again before the soil is hard. It may then 
be hed in narrow ridges right across the old stitches, or obliquely, 
left for the influence of summer. The will level all these 
i when the manure is to be put on; and this being ploughed, the 
is fit to receive the seed, if wheat is the crop intended. If it is 
left for barley, it must have another ploughing in spring, and be well 
harrowed before the seed is sown, especially if this is rosea 8 the 
drilling-machine, The clover or grass-seeds may be sown immediately 
after, and the land lightly rolled. There is no 
fine in spring. Without a fine tilth no good barley can be e . 
No account of fallow operations would be complete without a re- 
ference to the Lois-Weedon system of cultivation, in which the Rev. 8. 
Smith, incumbent of that parish, has improved upon the system of 
Jethro Tull, and been enabled to grow excellent successive crops of 
wheat in the same field for more than a dozen years, It is by far the 
most notable illustration of the fertilising influence of mere fallow 
tions which this country exhibits, and it is a remarkable thing 
t a practice of such proved profitableness does not more rapidly 
extend. The following remarks descriptive of it are taken from the 
‘ Agricultural Gazette." 

The Rey. Samuel Smith has now had thirteen successive crops of 
wheat off the same field ; the last was 38 bushels, the previous one was 
40, the foe before He $8 a one before ” was es phon: A! prior 

rs, inning with 1847, the average yield ma e! iven at 
Ba It is not that the land is particularly fertile ie ‘is really nothing 
but the ordinary heavy wheat land of the oolitic formation. Thousands 
and ten thousands of acres of the same F sae: A extend across the 
country from the coast of Dorset to the Humber; and the rent of 
such land is under 30s., being lower by 20s. at least than the red land 
of the county.’ These results have not been kept a secret ; they haye 
been published far and wide—first, when agriculture was in difficulties, 


as ‘A Word in Season,’* for such it surely was when we were all | th 


desponding over the gloomy prospect of wheat at less than 10/. a load; 
and it told us how 84 bushels of wheat could be grown perpetually on 
every acre of wheat land for less than 7/., 2/. of which were rent, And 
these results have been published and republished, now a sixteenth 
time, still as a ‘ Word in Season,’ for such it will continue to be, not 
only when farm profits are difficult, but so long as they are desirable, 
Lois-Weedon practice and experience are very nee, known. Is 
the account of them incredible? Those who only know of them by 
hearsay or mere rumour may perhaps plead unbelief. Hardly any one, 
however, who has read the tract describing them can do so—a simpler, 
clearer, more straightforward statement never yet was written in the 
ne og language; and no one who knows either the locality or the 
author can doubt it for a moment. It is perfectly true that for the 
last eleven years nearly 35 bushels per acre tere been annually grown 
Sey the same land without manure, at an average annual cost, in- 
uding rent and taxes (2/, 4s. 3d.), of 7/. 3s. 9d. The Lois-Weedon 
mode of growing wheat consists essentially in the deep cultivation 
(during the growth of the crop) of wide fallowed intervals between 
adjacent triplet rows—which intervals are the seed-bed of next year's 
produce, you walk across the field you traverse alternate strips of 
lant and fallow—three rows a foot apart and then a yard-wide blank, 
blanks deeply and diligently cultivated during the autumn, 
winter, spring, and even summer, while the plant is sprouting, growing, 
and even maturing, are at once the feeding ground of the growi 
crop, and the store-house of food for the triplet rows of plants whic 
next year they are to bear. These triplet rows thus yield a 
average per acre annually and Paybetually on what is really the 
moiety of the acre where they grow. That is the fact. Why is it not 
more poor actedon! It is not incredible. These fallow intervals, 
though unmanured directly Wy the hand of man, are indirectly abund- 
antly supplied with the food the wheat-plant needs, Both ammoniacal 
manures and mineral manures are added in abundance. That the 
fertility of the soil is unitnpaired is proved by the increasing crops it 
yields. The deep and frequent tillage brings the matter of the sub- 
soil and the soil more thoroughly under the action of the rain water 
and the air, and the silicates, and phosphates, and alkalies, of which 
the store is practically inexhaustible, ara made ready in abundance for 
the use of the growing plant. The porous and frialte condition of the 
land, too, under this treatment is just such ag enables the absorption 
and retention of the largest quantity of the ammonia of the air, and 
this accordingly is also furnished in abundance to the growing plant, 
ag well ag atored up for the next year’s crop, There is thus nothing 
in the experience, when considerod along with the practice, rendering 
it inherently improbable; or requiring us to look with more than 


* © Word in Season, or How to Grow Wheat with Profit,’ 


By the author 
of * Lois- Weedon Husbandry.’ Sixteenth edition. 


J. Ridgway, Piccadilly. 


of making it too | has 


either without just cause, or without 1 
an action for damages lies, 

When erroneous issues out of a court having jurisdiction in 
the matter, a bailiff or officer who arrests a party in execution of it 
may excuse himself in an action for false imprisonment by is 
that the court had jurisdiction; but if the court out of which the 
process issues has no proper cognisance of the cause, then, as the whe 
proceedings are coram non judice, the officer will be liable, 

If an arrest be made by one who is nota 
not at the time a warrant, or is not named in 
ment, for which an action lies. Ifa sheriff or 
out of his county, or“u 
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wrong man, the action will lie agai 


uences of a mistake by a 
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uw principles 
APPROXIMATION and INTERPOLATION a Tied to. equations of 
It is however of very little use, though 
price. will be sufficient. : 
et there bea function of «, p x, which it is desired to make equal 
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some notoriety, and orem 


to a, and firstly, let this function be such that successive equal incre- 


ments added to the value of produce successive equal increments (or 
decrements) in the value of @« (which is, in fact, supposing that @ a 
is of the form mx + ): assume two values for x, say p and 9g, fet 

x be Pandq. If then Khoo’ Hh 


e corresponding values of 
form of speech) a uniform increase of x is accompanied by a 


increase of $x, and if x represent the value which makes 9 z pei cs 


a, it follows that the interyal between P and q bears to that between p 
pot fae same proportion as the interval Lebween Seals Daan : 
that between p and x, Or x can be obtained from the proportion 
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which follow from the several hypotheses made, , 

When x and x do not increase uniformly together, it is neyer- 
theless true that they do so nearly when the successive increments 
pivccobahiahy? Kaeos If then p and g can be found so that Pp and 
Q are near to a, use of the p 
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substituted for either in a repetition of the process, 
produce a still nearer value. 
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1, signityin 
artificial voice, produced by tightening the ligaments of the lottis, and 
thus the vocal compass ‘A psi ps about an octave & Th 
Italians call the falsetto voce di testa, or voice from the i; the 


natural voice voce di petto, or voice from the chest, 
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2 5 FAN. 
FAN, an instrument or machine for agitating the air by the wafting 
cent re 
or checking, by the resistance of the 
motion, the velocity of light machinery. A familiar 


example of such a use is afforded by the revolving fans of a musical 
snuff-box. 


perlSiov) in Greek, was well 
the ancients, whose fans, however, according to the article 
: ’ in the ‘Dictionary of Greek and Roman Antiquities,’ 
edited by Dr, Smith, were not, like most of those now used, ‘so con- 
they might be furled, unfurled, and fluttered, nor were 
carried by the ladies themselves, so that, as the writer of 
observes, the various mancuvres so wittily described in 
number of the ‘ Spectator’ as the ‘ exercise of the fan’ were 
unknown ‘to the ancients. From the numerous references 
in referred to, it would appear that while 

elegant forms, of delicate colours, and of 
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for driving off flies from living 
‘ood, and from things offered in sacrifice; and 
employed for urging the combustion of a fire, 

to conclude our quotations from the source already 
gave origin among classical writers to expressions corre- 
to ‘fan the flame of hope, of love, or of 


‘commonly used by European ladies. Among this le fans are used 
‘by both ‘exes, fan encloed in a worked ilk sheath being one of 
’ frequent accoutrements. These are of either paper or silk, but 

are sometimes made 


_ with the Chinese, as well as the Europeans, fans 
_of elegantly carved or perforated slips of ivory. 
employed, much skill is often displayed 
,and in some cases artistic talent of a 


Whatever be the 
in the decoration of 
order has been 


countries, but for those even of Africa and Asia, amounting in some 
instances to the value of 1000/. each. ‘ 

XM. Duvelleroy employs many hundred persons, He has made it a 
point to grasp the two extremes of the scale in costliness as well as all 
interniediate degrees; for he makes fans from one halfpenny each to 
one thousand guineas, Every halfpenny fan goes through no less than 
fifteen hands: a proof that the factory system must be thoroughly 
carried out in that establishment. Duvelleroy’s fans are sent to all 
parts of the world, and are now competing in the East with those of 
China. Spain is kif 3 to maintain a home manufacture, but all the 
best specimens come from Paris, America affords the best markets, 
for while the ladies of North America closely imitate the fashions of 
Paris, those of South and tropical America are passionately fond 
of gorgeous fans, on which exciting scenes are painted in dazzling 
colours, Duvelleroy has a large corps of artists, who study the 
peculiar tastes of every nation in their pictures and colours. 

In the manufacture of fans, the chief parts are called the handle, the 
brins, the panaches, the end, and the leaf. The handle is the part at 
which all the rest of the fan is hinged together, and which is made of 
ivory, wood, or any hard material. The brins, or radiants, from twelve 
to twenty-four in number, radiate from the handle; they are about 
four inches long. The ends are elastic pieces which connect the brins 
with the handle, and which form with them the skeleton of the fan; 
they are made of mother-o’-pearl, tortoise-shell, ivory, horn, ebony, 
bone, citron-wood, sandal-wood, or plain wood, and are rivetted with 
diamonds, gold, pearls, or more cheap material, according to the price. 
The panaches are the two outermost brins, made wider and stronger than 
the rest for security: The leaf is the surface of the fan, cut into the 
form of the segment of a circle. It is made of paper, of cabretille 
(very delicate kid-skin), vellum, parchment, satin, tulle, gauze, or 

, according to circumstances. There are as many folds or plaits 
given to this leaf as there are brins; and the brins govern the opening 
and closing of the leaf. 

It is in the painting and decorating of the leaf that the costliness of 
the best fans chiefly consists. Duvelleroy has a number of highly 
paid and accomplished artists in this department. The fans 
sent by that firm to the Great Exhibitions in London in 1851, and 
Paris in 1855, excited great attention. 

FANARIOTES, a name formerly applied to the inhabitants of the 
Fanar or Greek quarter of Constantinople. After the capture of Con- 
stantinople by the Turks, the Greeks of the Fanar, taking advantage 
of the ignorance of the Turks, succeeded in rendering themselves 
necessary to the ministers of the Porte as translators, and to other 
Turkish grandees as secretaries, agents,and men of business in general. 
They were all comprised under the general denomination of Gram- 
matikoi, clerks or scribes. At first they were not distinguished from 
common servants; and the office of the'translator to the Sublime 
Porte conferred no consideration on the individual who held it. The 
Greek translator explained to the Turkish ministers the contents of a 
foreign despatch, after which he retired into the great hall of the 
palace, where he waited with other menials till his masters might 
want him, 

In the year 1669 a Fanariot, named Panayotaki, was first appointed 
official dragoman, and subsequently all the dragomen were taken from 
their class, The Fanariotes being thus the only agents of communica- 
tion betwixt the Porte and the European governments, necessarily 
acquired a great influence over the Turkish government, and they took 
good care to turn it to their own advantage. In the beginning of the 
18th century the Fanariotes succeeded by their intrigues in prevailing 
on the Turkish government to choose from among them the Hospo- 
dars or princes of Moldavia and Wallachia, which dignities had been 
hitherto bestowed on natives of the above-mentioned provinces, 

Mavrocordato was the first Greek who was nominated Hospadar of 
Wallachia in 1711. A crowd of Fanariotes always followed the new 
Hospodars, who employed them in different offices in their respective 
provinees, where they became notorious for their unprincipled ex- 
actions, employing every means, however odious, to acquire as much 
wealth as possible during their short and precarious tenure of office. 
The Hospodars, who partook of this ill-gotten wealth, countenanced 
and protected them in all their proceedings. The mode of govern- 
ment has been since changed in the above-mentioned provinces. 

These were not the only sources of wealth to the Fanariote families: 
the bankers of the Fanar disposed of the greater part of the military 
and civil appointments in the Ottoman empire, through ne 
influences, An interesting picture of the Fanariotes is given in Mr. 
Hope’s celebrated novel ‘ Anastasius; or, the Memoirs of a Greek ;’ as 
well as in the ‘ Essai sur les Fanariotes,’ by Marco Zallony; and in 
Von Hammer's ‘ Constantinople and the Bosphorus.’ 

The events which have followed the last Greek revolution, and the 
eekon events in the Turkish empire have almost entirely anni- 
hilated the Fanariotes as a class, though some Greek families are still 
distinguished by the name. 

FANCY, a corruption of phantasy (pavracta), which term in ancient 
philosophy indicated the sensuous appearance of an object, and in a 

sense was used as co-extensive with conception, or the faculty 
by which man reproduces images of objects either absent or present, 
without an immediate impression on the organs of sensation. In later 
times its signification has been greatly narrowed, and it is now limited 
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to a particular province of the imagination, with which, however, it is 
often frequently confounded in loose and inaccurate , and to 
which it is employed as equivalent. Imagination differs con- 
ception either by the [eps derneny otness and vividness of its images, 
or else by combining manifold materials of experience into a new 
and true unity. In the former case it is merely reproductive ; in the 
latter creative, and becomes fancy :— 


“Of all external things 
Which the five hful senses rep 
She forms imaginations, acrie shapes.” 

Mutton, Par, Lost, v. 


Fancy is a higher energy of the mental activity than imagination 
simply, but is nevertheless dependent upon it, since it is the imagination 
that | Oat the materials out of which it creates its phantasies either 
by modifying or exaggerating them, or by forming new combinations, 
and by a prosopoporia investing its personification with the properties 
of vel. beings. ion is necessary to authors generally, but both 
imagination and fancy to the poet; the latter presenting him with 
those lofty speculations which comprise what has been termed the 
ideal of art, and furnishing the link for that enchainment of his ideas 
which, rejecting the restraint of all general laws, is wholly dependent 
upon the peculiarities of the poet’s mental temperament. r 

FANDANGO, a quick dance in 3 or-{ time, much admired and 

ractised in Spain, and supposed to be of Moorish origin; though 
olney ascribes a far higher antiquity to it, believing it to have come 
iginally from Carthage, and thence by way of Rome into Spain. The 
probability however is that it was brought into Europe by the Arabians, 
to whom certainly it may have been transmitted from remote ages. 
Like many other dances, this is performed with more or less pro- 


distant part of the country and hires a farm on his own j 
seldom succeeds so well as might be expected, even with a 
knowledge of agriculture. He naturally err gee 
similar soil which he has been acquainted wi 
district where the soil is sandy, and where 
give the to very stiff loams; if 


are, 
he 


manure may fe obtained, are a most important object ; 
water-carriage, it greatly enhances the value of 
veaiancn of tarhig peal pesbeng/en tied Mesl Wea Mado 

venience 0 pasture, or i to near 
the homestead, and especially the situation of the'farm-buildings with 
respect to the land, and the abundance of good water, are all circum- 


Parapet tg adie aall ueetoaihy tha Cott influence 
e probable profits, and consequen rent whi be fairly 
offered. A central situation is no doubt the most ad for 
pentane ar zen. cb ey | iminishing the labour in harvest and in 

ing out manure. But there may be eircumstances which render 
some spot nearer the extremity of the land more eligible, and it is 
only when ‘entirely new buildings are to be erected there is a 
choice. The old farm-buildings are in low and sheltered 
situations, but it is a great inconvenience to have to carry the manure, 


which is the heaviest thing carted on a farm, up a steep hill. 
best situation is on a moderate slope, neither in the lowest nor highest 


priety according to the degree of delicacy possessed by those who | ground, 


ractise it. ; 
u FARM. A farm isa portion of land which is set apart for cultiva- 
tion either by the proprietor or by a tenant who pays a certain 
stipulated rent for it. We shall consider it in this latter sense ; and, 
without entering into the mode of cultivation, we shall notice the 
circumstances which determine the profit that a tenant may reasonably 
expect to make in return for his trouble and outlay. 

The first thing to be considered in taking a farm is the capital which 
the tenant is possessed of, or of which he can procure the use at a 
reasonable rate. If a man takes a farm without the means of stocking 
it properly, and is restrained in his first outlay, he will never be able 
to cultivate it with benefit to himself or to his landlord: he will be 
obliged to sell his produce at a loss, to over-work his’ cattle, and to 
keep a smaller quantity of stock, and consequently make less manure 
than is required to keep the farm in a productive state. It is not 
sufficient that he has the means of stocking the farm; he must have 
wherewith to pay the greater part of the whole expenses and the rent 
for the first year. In the present state of agriculture, a man who takes 
a farm of 200 acres of arable land, or land partly arable and partly good 
pasture, will require from 1600/. to 2000/.; and it is nat the interest, 
either of the landlord or the tenant, that he should take the farm 
unless he can command that sum. The amount of capital required 
depends to some extent on the quality ofthe land; very rich land may 
require less capital in proportion to the rent than poor land, especially 
if the poor land requires draining, chalking, or marling, before it will 
produce any tolerable crops. Nevertheless, the capital required may 
under peer styles of cultivation be in proportion to its-fertility, for 
when grazing is the rule, the stock needed will be in proportion to 
the quantity of food to be consumed, All these circumstances must 
be taken into consideration before a farm is hired. 

When it is ascertained what extent of farm may be safely under- 
taken with a given capital, the most important object to be attended 
to is the condition and fertility of the soil, not only with to 
the natural quality of the land, but the actual state it is left.in by the 
preceding system of cultivation. A moderately fertile soil, in good 
condition, will give a greater profit for several years than a better soil 
which is partially exhausted and rendered foul by injudicious manage- 
ment and over-cropping. For this purpose it is necessary to ascertain 
what has been the state of the ee for several years before, how the 
land has been ploughed, and whether the crops have been heavy with 
or without manure. There is no method yet found out of full 
ascertaining the comparative value of land which has been ochanidal 
It would be a question well worth the investigation of modern chemists, 
who have made such progress lately in the analysis of vegetable sub- 
stances, and would be invaluable to farmers and proprietors of land. 
In the mean time the nature of the weeds which abound on the Jand 
will give some clue to its state; and an experienced person will collect 
from various minute appearances in the soil whether it has been fairly 

or exhausted, It is in general more advantageous to take a 
farm in a district with which you are well acquainted. It will be a 
great advantage if you have had an opportunity of seeing the land at 
all times, observing it in different seasons and states of the weather, 
and especially of seeing the mead threshed out, and ascertaining the 
quantity of corn which is usually yielded from a certain quantity of 
straw, for lands very similar in outward appearance will produce a very 
different retarn when the crops are threshed out. A want of attention 
to these circumstances is the cause that a man who comes froma 


landlord and tenant. Large buildings are incon 


cost much in repairs. The house should be neat and co le, fit 
as the farm — 
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requires. e rooms sho i ‘ the 
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itecture of the Buildings may be left to the taste of the 
or his architect. The pn ae it is, the more appropriate. 

as 


of poring base yards 

yards to be surrounded by the n b a bad one, but 
where it prevails they should be sheltered on the north side by 
barns, which need not be 86 extensive as used formerly to be thought 
marge bh There must be a threshing machine ; and a single floor to 
thresh the seeds upon, and to employ the men occasio: in 

is quite sufficient. Every farm which is so extensive as 
more than one floor to thresh the corn on ought always 
threshing-mill attached to it. [Homxstrrap.] 

Yards with sheds for the cattle to shelter themselves under in 
and stormy weather, are a great advantage, and may be added at 
trifling expense to any set of farm-b 

For a small occupation, where the tenant is but a little above 
rank of a day labourer, a set of buildings all under one roof, 
forming the longer side of a yard, which may have open sheds round it, 
is at once convenient and economical, If this building is thought too 
long, it can very easily be divided into two, which may be placed at 
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chilly, which hurts them more than a frost. 

In valuing the rent of a farm the habitation of the farmer is seldom 
taken into account, and it ought not to be above the station of the 
tenant; but the buildings immediately connected with the cultivation 
eer add to the rent or diminiah it, as they add to or diminish 

6 it. ‘ 

e next important question is what may be a fair rent both to the 
landlord and the tenant, This depends as much on the mode of 
cultivation adopted as on the fertility of 
rated s rar cg for his capital, ote 
trouble. In the old system a third of gross average produce 
considered as a fair rent, including all the direct 
occupation of the land, such as_ tithes, rates, taxes; another third 
was rpg to cover the labour and expenses of the farm and interest 
of capital; and the remaining third was to the 


appropriated 
nance of the farmer and his family, out of which he had to save 
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he laid by as a clear profit. But this calculation is no longer 
to the present state of agriculture. The expenses are 
increased, and the produce is also greater. It requires a 
capital, and more skill to a large farm. The tenant is 
more liberal education, and his habits are more expensive. 
ier of 500 acres of land in England expects to live as well as 
ear income. He cultivates better by applying 

of the produce is owing to his skill and his 

He therefore expects a greater share of the produce than the 
landlord, not ,only to repay his outlay, which is greater, but to live 


upon. 

In Scotland, it is notorious that rents are much higher 
5 -agew not only for small occupations, but for extensive farms ; 
= that the tenants have complained less of the times than their 


neighbours in the south. It may be worth while to inquire into the 
cause of vggead the low price of corn must affect the Scotch farmer 


i 


il 
nt 
B 


: . 


than in 


equally with English. One great difference between the Scotch 
and the farmer is, that the former gets work done at acheaper 
rate than latter. The Scotch labourer is fully as well fed, and 
clothed, and , as the English ; but he has less money to spend at 
the alehouse. He is paid, not in a certain sum every Saturday, but in 
_ comforts, in the keep of a cow, in a certain number of rows of 
potatoes, a certain quantity of grain, a cottage to live in, and oat- 
meal to feed his family; and above all, as a general rule it must 
be admitted that he is a man of greater intelligence. The horses 


of a Scotch farmer are well fed; they are always Spot condition. 
They work ten hours in a day at two yokings. All this is worth 25 
cent. on the whole labour of the farm, as Arthur Young has very 
calculated, when he pres tte expense Sere on i 

of a gentleman, compared wi on the land of a farmer who 
Farmer’s Guide.’) The moral effect of an 
done, when opposed to that of a perfectly 
distinct and often hostile interest, will ily account for so great a 
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more commonly than 
i advantage of a scientific education, and of a 
of the principles of his profession ; and with the shrewdness 
: ae to his country, he knows how to take advan’ of every 
i vourable circumstance. He has also been taught to , and 
will soon discover where there is a profit or a loss. All this has kept 
up rents to a much higher level than in England. 
1 The price of agricultural produce throughout Great Britain, and even 
Ireland. is b t very nearly to an equality, the only difference being 
occasioned by means of rt. But the price of labour still 
varies much, and this is owing to 
cease. 


circumstances, which it is hoped 
Farm Accounts.—In tegen as the management of a farm 
__- requires more skill, and various operations become more compli- 
_ cated, so the necessity of great accuracy in the accounts becomes more 
“ The manner in which farm accounts should be kept deserves 
therefore i attention. 
, who are not devoid of intelligence, and who are 
“A in their gain or their loss in cultivating the land 
_ which they have hired, have no other means of ascertaining this than 
rs On sneer Secoush Of rooelipis end expendiitars, lé they have 
_ separated the accounts of their private establishment from of 
Baenee farm, they think thet they ve done all that is required, and at 
year they can accurately how much they have gained 
by their farm. But ask them to account for this gain or loss, 
they can give no answer. If a tradesman, who has a capital in 
to that of a farmer of a considerable number of acres, 
were to keep accounts in this manner, and become a bankrupt, no one 
_ would hesitate in saying that he failed because he kept no 
4 had no greater stake than the farmer, and his trans- 
less varied: if he no clerk, he should have 
better to the accounts himself. same may be said of the 
i who has a floating capital of 2000/7. does not 
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ved in difficulties. But it may be said that agricultural 
: are very simple, and that any one can keep them. So are 
merchants’ accounts at first sight. 


account many books, many entries, many checks, 
many clerks, are required. In a lesser degree this is 
It is easy to know what is bought and sold; what is 

; but it requires very minute accounts to ascer- 
ES e ® veolite le return, and what is the 

may be a profit on the crops and a loss on the 
The money expended on a a or adven- 
y have produced an increase which is proportionate 
baying sis raniag abt bag also be a 
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sy the farmer are duly executed. He is a trusty overseer, and, as he 
his accounts in his thoughts, he is most likely to detect the cause 


man 
while to keep detailed accounts, it is no great wonder | val 


of any loss, from a want of attention in subordinate agents; his salary 
is therefore well earned, and the farmer will not think it thrown away. 
In whatever manner the accounts are kept, whether by the farmer 
himself or by a clerk, method is of great importance: and whatever 
may be said against it by those who do not know its value, there is no 
system of accounts which can be compared with the well-known method 
of double entry, by which every account, and indeed every entry, is 
effectually checked. [Book-Kexrinc.] The principle of this method 
is so simple, that the slowest arithmetician cannot be confused by it, 
and it is so perfect that no error can escape its scrutiny. As applied 
to agricultural accounts, which are simple in their nature, it becomes 
so clear, that if once adopted it is impossible that it should ever be 
abandoned. ‘The satisfaction of a perfect proof of the correctness of 
the accounts is so great, that no one who has ever experienced it will 
be satisfied with any other method. 

In the accounts of a farm there are many separate items to be taken 
into consideration. There may be a separate account kept for every 
field. There should always be one for every crop of which the rotation 
consists. There is an account of the labour of men and horses; of the 
produce of the dairy; of the stock purchased to be fatted, or sold 
again in an improved state. In short the divisions of the general 
account may be increased without limit. The more subjects there are 
to furnish items for an account, the more difficult it is to strike a 
balance, but, with a little attention and perseverance, it may be done; 
and he who keeps very correct accounts will always be the first to 
discover any impending evil, and to take measures to provide 
against it. 

The basis of all the accounts is a daily journal of every transaction, 
which must be collected from all the labourers and agents employed. 
M. de Dombasle, at his celebrated farm of Roville, in France, had all 
his principal servants and his apprentices assembled every evening 
after the day’s work was over. Each man gave an account of the 
work done by him or under his superintendence, which was -written 
down by the clerk. The orders for the next day were then given, and 
every one returned to his lodging or his home. In the course of the 
next day the clerk entered all that was in the journal into a book, 
where every person employed had an account; every field had one ; 
every servant and domestic animal had one; and every item which 
could be separated from the rest was entered, both as adding to the 
account or taking from it. For example, the milk of the cow was 
entered daily, The quantity of butter, butter-milk, and skimmed-milk, 
which it produced was also entered ; and these two accounts checked 
one another. Any error was immediately detected, and the knowledge 
of this prevented mistakes. An entry should be made of every par- 
ticular operation in each field, that the farmer may know which is his 
most profitable land. The number of ploughings, the quantity of 
manure, the state of the weather, and all other circumstances which 
may influence the return should be carefully noted, in order that it 
may be clearly seen whether any experiment or deviation from the 
usual routine is advantageous or otherwise. Thus all real improve- 
ments may be encouraged, and uncertain theories detected by the 
result, . 

The most important circumstance which influences the profits of a 
farmer is the cost of his team and the wages of his labourers. These 
vary in different situations so much, that they greatly influence the 
rent which he can afford to give for the land. In some parts of the 
country the horses are so pampered that they can scarcely do a day's 
work as they ought. In others they are over-worked and badly fed. 
Either extreme must be a loss to the farmer. In the first case, the 
horses cannot do their work, and they consume an Marcancar ey d quantity 
of provender ; in the other, they are soon worn out, and the loss in 
horses that become useless or die is greater than the saving in their 
food, or the extra work done by them. A horse properly fed will work 
eight or ten hours every day in the week, resting only on Sundays ; 
by a judicious division of the labour of the horses, they are never 
over-worked, and an average value of a day’s work is easily ascertained. 
This, in a well-regulated farm, will be found much less than the common 
uations give it. It is here that most of the errors are to be detected 
in the accounts of the expense of cultivation given in evidence before 
parliament, without any intention to deceive in those who gave the 
accounts. There have been printed forms invented in order to render 
the accounts more simple as well as more comprehensive, Forms may 
be of use to enter minute details, and each superintendent labourer 
may have a form of entry for the work which he performs or superin- 
tends ; but the ledger should be kept exactly as that of a mercantile 
man, and be frequently balanced to ensure correctness. This is a thing 
which cannot be too strongly recommended to young farmers. 

When a farm has been agreed for as far as rent is concerned, there 
are always conditions in a lease, which it is of great importance to the 
farmer to understand fully. It is necessary that the landlord should 
have some security against the wilful deterioration of his land by a 
dishonest tenant, but agents are too apt to cramp the tenants by pre- 
scribing the exact mode of cultivation without giving the tenant 
sufficient scope to try improved methods, which may ultimately be 
highly beneficial to all parties. If the landlord can ensure that his 
land is in the hands of an intelligent tenant, and a man of principle as 
well as skill, that will secure the application of the proper quantity of 
manure, and that it shall be well tilled and kept free from weeds, 
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he need not have any other protection, unless it be for the last two or 
three years of the lease, when the tenant might be induced to over- 
A bs land, and thus exhaust it. 
entering on a farm there is often a heavy demand on the in-coming 
tenant for work done by the pred , for a supposed remainder of 
mauure, and various 0} items, which are usually settled by reference 
to the custom of the country. Some general rule is required to regu- 
late all these demands, which are often exorbitant, and cripple the 
in-coming tenant in his capital. It is just that an out-going tenant 
should be id for any permanent improvement which he has made, 
and of wi he has not reaped the whole advantage, and that he 
should be encouraged to keep up the proper cultivation of the land, 
so that the in-coming tenant may be able to continue the regular 
course, But this he will not do, unless he expect to be remunerated. 
On the other hand, it is also just that the in-coming tenant should 
not pay for work slovenly done, or for supposed remnants of manure 
which do not exist in the land. We have known instances where the 
valuation of all the items to be paid for by the in-coming tenant 
greatly diminished his capital, and crippled his operations ‘for several 
ears. There should therefore be a separate stipulation on this head 
‘ore a farm is finally hired. [Tenant Riout.] 

FARMERS GENE 
France under the old monarchy to a company which farmed certain 
branches of the public revenue, that is to say, contracted with the 
government to pay into the treasury a fixed yearly sum, taking upon 
itself the collection of certain taxes as an equivalent. The system of 
farming the taxes was an old custom of the French monarchy, Under 
Francis L, the revenue arising from the sale of salt was farmed by 
fe individuals in each town. This monopoly was first assumed 

y Philippe de Valois, in 1350, Other sources of revenue were like- 
wise farmed by several individuals, most of whom were favourites of 
the court or of the minister of the day. Sully, the able minister of 
Henry IV., seeing the dilapidation of the public revenue occasioned by 
this system, opened the contracts for farming the taxes to public 
auction, giving them to the highest bidder, according to the ancient 
Roman practice. By this means he greatly increased the revenue of 
the state. But the practice of private contracts through favour or 
bribing was renewed under the following reigns; Colbert, the minister 
of Louis XIV., called the farmers of the revenue to a severe account, 
and by an act of power deprived them of their enormous gains. In 
1728, under the regency, the various individual leases were united into 
a Ferme Générale, which was let to a company, the members of which 
were henceforth called Fermiers Généraux. In 1759, Silhouette, 
minister of Louis XV., quashed the contracts of the farmers general, 
and levied the taxes by his own agents. But the s: of contracts 
revived: for the court, the ministers, and favourites, were all well 
disposed to them, as private bargains were made with the farmers 

eneral, by which they paid large sums as douceurs. In the time of 

ecker, the company consisted of 44 members, who paid a rent of 
186 millions of livres, and Necker calculated their profit at about 
two millions yearly, no very extraordinary sum, if correct. But the 
revolution swept away the farmers general, and put an end to the 
system of farming the revenues ; it equalised the duties and taxes all 
over France; but the monopoly of the salt and tobacco has remained, 
as well as the duties on provisions, cattle, and wine, brought into Paris 
and other large towns, and the right of searching by the octroi officers, 
if they think fit, all carriages and individuals entering the barriers or 
gates of the same. . 

The system of farming the taxes, although generally disapproved of, 
is still continued in some European states. Not many years ago the 
custom-house duties at Naples were farmed by private tors. 

The Roman system of levying taxes, at least after the Republic had 
begun to acquire territory out of Italy, was by them out. In 
the later period of the Republic, the farmers were from the body of 
the equestrian order. Individuals used to form companies or associa- 
tions for farming the taxes of a particular district; the taxes were let 
by the censors for a period of five years. They were probably let to 

who bid highest. These farmers were called publicani, and by 
the Greek writers telonwe (reAdéva:), which is rendered by publicans in 
the English version of the New Testament, where th are appro- 
priately classed with sinners, for they were accused of being o 
ity of great extortion, These tax-collectors in the ince were, 
jowever, only the agents. The principals generally resided at Rome, 
where the affairs of each association (societas) were managed by a 
director called a magister. The individual members held shares (partes) 
in the undertaking. There was also a chief manager in the province 
or district of which the company farmed the tax, who was called 
pro-magister. 

There are no means of knowing what proportions of the taxes col- 
lected reached the Roman treasury (erarium). Numerous complaints 
of the rapacity of the publicani or thair agents occur in the classical 
writers. These publicani were the monied men of the late Republic 
and the early empire, and their aid was often required by the state for 
advances of money when the treasury was empty. Part of the mal- 
administration probably came from the publicani sub-letting the taxes, 
which seems to have been done, sometimes at least, 

FARTHING. [Money. 

FARTHING , or Y. INGALE, a hoop, a circle of whalebone 
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ornamental ebro 5 Sabie a , to rien sdetnes eh feo that 
reason obtained the superiority over the closer habits and the more 
simple imitations of nature. 
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took place. The hoop was no longer worn of the same size 
hips, but, under the name of crinoline, began a little larger 
body and swelled to an enormous size near the feet. 

'ASCES. [Consvun; Dicraror.] 

FASCINES (Military) are bundles of strong brush-wood, em 
chiefly for the _purposes of reyeting the epaulements of i 
covering the roofs of field-magazines and blindages; and 
gabions to increase the heights of trench parapets, and 
tempo: roads over marshy 

They are formed by p' 
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ground, ; 

lacing the rods side by side in a cradle of 
trestles placed about 4 feet apart, and compressing them s 
two levers connected by a chain, which is passed round the 

the whole is secured by withs or binders of spun yarn, which 

laced 18 inches asunder. Fascines are commonly about 8 or 9 inc 

fn diameter, and, when made, are 18 feet long; but’ they are then, if 
necessary, cut by the saw into parts of any required , which are 
generally 6 feet or 12 feet. A fascine of the longest kind is sometimes 


of 
Re 


Lyo @ saucisson, 

en fascines serve for the revetment of a battery, they are usually 
laid horizontally, one line above another, against the interior slope of 
the epaulement, to which they are attached by pickets driven through 


etc gs t 
AL , in Civil Engineering. . les of 
(applied to the works thrown up for oe Lurposes of closing sma 
branches of rivers, or of regulating the flow of the water), composed « 
small twigs bound together in bundles, and fastened to the 
means of stakes and withes, is known among civil 
name of faseine work. The bundles of twigs are made from the 
of underwood and of dwarf trees, such as the ash, oak, hazel, 
willow, thorn, bramble, &c., of about six or eight years old 
ends of which are all placed at one end, and in no case 
branches exceed 4 or 5 inches in diameter. The diameter of 
= few! between 1 foot 6 inches to 4 feet 6 inches at 
end, and their length would, under these circumstances, 
between 5 and 10 feet; the being retained in their position 
means of withes (or twisted twigs which tie the bundles x 
placed at intervals of from 1 foot 4 inches to 1 foot 8 inches from one 
another, These bundles, or fascines, are either placed by hand upon 
the surface to be protected, or they are formed into species of rafte 
which are floated over the position they are intended ultimately to 
occupy, and are then sunk upon it, by being loaded with stones or 
ia The stakes or pickets are then driven through the bed of 
es into the bank, and they are connected r by stouter 
withes, which pass alternately round the heads of the stakes, in such a 
ee Pee uently filled in with 
r ’ 
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itself with ease to the irregularities of the surface of the earth ; 
tage seems to consistin the fact, that it dis- 
course over the whole area, and 
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es are much used by the Du 


. A description of the various systems in 
the hydraulic works of ;that {river will be found in Lee Acaetlon dos 
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Ponts et Chaussées,’ for 1833; or the reader may refer to Belidor's 
* Architecture Hydraulique,’ or to Sganzin’s ‘Cours de Construction, 
edité par Reibell.’ imes civil engineers of the Continent employ 
large ines, which form, in fact, baskets filled with gravel, and are 
known by the local name of saucissons ; or they use large square or 
- tri prisms to form the hearting of their banks. It is on the 
shores of the Lower Rhine especially that the fascines are formed into 
_ gigantic rafts, as above mentioned, of from 3000 to 4000 yards super- 
ficial, which are subsequently floated over their intended position, and 
_ sunk by the addition of gravel, or stone pitching. The Dutch engineers 
frequently use bundles of reeds for the’same purposes as the fascines. at 
least in the protection of e surfaces of their dykes; whilst 
they also occasionally line the surface gf a slope, intended subsequently 
_ to be pitched, with bundles of straw, when the price of fascines is so 
great as to render their use impracticable. 

FAST, abstinence from food, more particularly used for such 

abstinence as a religious observance ; from the Anglo-Saxon festan. 
igious fasting has been practised in almost all ages and all 
Moses appointed that of the Day of Expiation for the 
Israelites. Herodotus (ii. 40) and Porphyry, give us details of the 
Egyptian fasts. Among the fasts of the primitive Christians, the 
sora that of Quadragesima, or Lent : but they likewise observed 

Jejunia quatuor temporum, or fasts of the four seasons. 
__ The fixed days appointed by the church of England for fasting are, 
_ first, the Forty days in Lent; second, the Ember days at the four 
seasons, being the Wednesday, Friday, and Saturday, after the first 
Sunday in Lent, the Feast of Pentecost, September 14th, and December 
13th ; third, the three Rogation days, being the Monday, Tuesday, and 
Wednesday before Holy Thursday; fourth, all the Fridays in the year 
except Christmas-day. Other days of fasting are occasionally appointed 
by royal proclamation. The Long Parliament appointed a fast on the 
last Wednesday of every month. 

The Roman Catholics, the Greek Church, the Jews, the Moham- 
medans, the Buddhists, all keep certain fasts, as a religious observance ; 
that of the Mohammedans being very severe. 

FASTI were marble tables at Rome, on which were inscribed the 
names of the consuls, dictators, censors, and other principal magistrates 
of the republic, Fragments of these tables have been collected, and 
are ranged along the walls of one of the halls in the-palace of the 
Conservatori on the Capitol. The deficiencies in the series of the 
consuls have been supplied by means of the historians, and by con- 
sulting monumental inscriptions. Several learned men in modern 
times haye compiled fasti, or chronological tables of the Roman 
consuls. Among the most learned and accurate of these compilers is 

Sigonio of Modena, who published his ‘ Fasti Consulares ac triumphi 
_ acti a Romulo ad Titum Cesarem,’ fol., 1559 ; with a dissertation 
‘de nominibus Romanorum,’ a work of great erudition and exact 
5 Pighius published ‘ Annales a et Provinciarum 
_ §. P. Q. R. ab Urbe condita,’ fol., 1599. bbe, in his ‘ Bibliotheca 
Nova, published ‘ Fasti Consulares’ out of a MS. of the college of 
Clermont. Other editions of the Fasti have been made from various 
sources. Between these lists occasional discrepancies occur as to the 
names of some of the consuls, and the particular years of their consul- 
_ ships ; for, notwithstanding the labours of critics and antiquaries, 
there is still some uncertainty about Roman chronology. The word 
ti is often used as synonymous with the annals, or chronicles of a 
on,. The ‘ Fasti Hellenici,’ and ‘ Fasti Romani,’ by H. F. Clinton, 
Ciryton, H. Fin Bios. Drv.) 
& i, which they called ‘ Fasti 
‘minores,’ a kind of almanacs, in which were registered the periodical 
-festiv games, official days for business, &c. Ovid wrote a poem 
of these fasti,.which he dedicated to Germanicus, and in 
bed the origin of the festivals, and the recollections, 
or calamitous, connected with the various days of each 
poem, as we have it, is in six books, one for each of 
first six months in the year; the rest is unfortunately lost. 

_ FASTING. [Asstrvence.] 

_ FATA MORGANA, ([Reriexton anp Rerraction, Extraorvi- 
_ WARY ATMOSPHERIC. ] 

_ FATALISM. This term is used to express an article of philosophical 
religion, anid usually signifies that the successive actions of mankind, 
: even successive operations of the powers of nature, are under 
guidance of some superior almighty power, so that these successions 
the actions ves are entirely independent of each other. 
doctrine has been embodied in all religious systems, though very 
‘different names have been given to the governing power. The Greeks 
s ed it moira or ananke, and the Romans called it fate ; their mytho- 
- log also mentions a Demiurgus, who had formed the gods. the 
it religions of Asia recognise a similar fate, something mightier 
n the gods, to whom it dictates laws; such, for example, as the 
ng ernments of Ormuzd and Ahrimanes in the Persian 
g Among the Hebrews the Pharisees were fatalists, the 
eees materialists, and the Essenes deists. The old Germanic 
m of Odin modified this fate, and brought it nearer to the idea of 
government of the world by a deity, identifying it with their 
hest god, whose name was not to be pronounced. From this point 
changes to what is called predestination (in opposition to chance), 
ch idea is only a mitigated fate, distinguished, however, from 


genuine fatalism in proceeding directly from God, and not from fate. 
This belief in predestination was taught by Mohammed, and his 
followers have retained it. Roman Catholicism has no trace of this 
doctrine, but it is held by the Calvinists, and to a certain extent at 
least by the church of England. ? 

The doctrine of fatalism, as is well known, has been frequently and 
effectively used both by ancient and modern poets. 

Intimately related to fatalism is the doctrine of the immediate and 
direct intervention of Providence in the government of the world. 
According to this doctrine the consequences of the actions of mankind 
depend wholly upon the actions themselves; God, however, is able so 
to conduct these consequences, that collectively they shall result in 
good, and conformably to his purpose. To comprehend this working 
precisely is impossible for man, since his mental powers are not suffi- 
ciently extensive, and this dogma must therefore be a matter of faith. 
This doctrine is held by many Christian sects, and in the Bible there 
are passages strongly in favour of such special intervention; for 
example, Matthew x. 29,“ Are not two sparrows sold for a farthing ? 
and one of them shall not fall on the ground without your Father.” 

The third or deistical interpretation of this doctrine teaches the 
complete non-intervention of the Deity in the affairs of the world or of 
mankind : we may also call this doctrine the doctrine of theological 
chance, which may still be consistent with that of physical necessity, 
according to Kant. The doctrine of physical necessity was advocated 
by Hobbes, and served for the foundation of the charges against him 
of deism and atheism, 

If we consider these doctrines in a ag ore point of view we 
may come to the following results :—The theological theories of fatal- 
ism, predestination, the immediate government of God, and his non- 
intervention, evidently bear an analogical relation to the political 
systems of despotism, constitutional monarchy, and republicanism. 
Accordingly as every one may have grounds for being an adherent of 
one of these political systems, so may he also have grounds for being 
a follower of one of these theological views. According to the ideas 
and investigations of the author of this article, God may have positively 
fixed, before any creation of the world, the eternal ideas, or the 
relations of things to each other within'the circle of which nature and 
human intelligence haye to move. These ideas are (1) for nature, 
self-preservation, or continuance, of which the product is attraction, 
&c.; regularity, producing crystallisation, &c; and adaptation to 
purposes, producing organisation, &c,; (2) for human intelligence, 
self-love, beauty, and virtue. In so far as nature and humanity with 
all their efforts cannot move out of this sphere of ideas, so far fatalism 
and predestination exist. The efforts of nature to adapt means to 
ends, and the endeavours of the wise after virtue (or human happiness) 
appear to produce an ever-increasing progression, and in this sense 
they constitute an intervention of Providence—since nature being 
wholly bound, and God absolutely uncontrolled, man stands between 
both; so that though he is not absolutely free, yet he is free to work 
his ultimate ends out of himself; he is free whenever he acts morally, 
and he is not free whenever he acts immorally (or rather physically), 
and he may thus arrive at the consciousness that his state in another 
world entirely depends on himself. With this conviction every species 
of intervention would appear less harsh towards him, and without 
these grounds he may be doubtful whether any direct intervention 
exists with respect to worldly affairs. 

An intervention of any other kind than that of God would lead to 
the doctrine of demons and spirits, 

FATHER. [Parent anp Curp.] 

FATHERS OF THE CHURCH is the name given to the early 
teachers and expounders of Christianity, who lived between the second 
and the sixth centuries of our era, and whose writings are looked 
upon as possessing considerable authority in matters of faith, The 
earlier, or “ primitive fathers,” as they are sometimes styled, to distin- 
guish them from the fathers of the fourth and fifth centuries, and 
who followed close upon the apostolical age, or the age in which 
the Apostles lived and died, are generally reckoned as follows. Ist, 
Clemens Romanus, or Crement I., bishop of Rome, who died about 
AD. 100. 2nd, Icnarrus, bishop of Antioch, 3rd, PoLycarpus, 
bishop of Smyrna. 4th, Justinus, or Justin Martyr. 5th, 
Theophilus, made bishop of Antioch about 169, died about the be- 
ginning of the reign of Commodus: there is extant by him a work 
in three books, addressed to Autolyeus, a heathen friend of Theophilus, 
whom he endeavoured to convert to the Christian faith. 6th, Innnmus, 
bishop of Lyon. 7th, Cremens, Titus Fiavrus ALEXANDRINUS. 8th, 
Cyprian, bishop of Carthage. 9th, Orion of Alexandria. 10th, 
Grecortvs, called Thaumaturgus. 11th, Dionysius, bishop of Alex- 
andria, also a disciple of Origen : was banished under Valerian to the 
deserts of Libya, but was restored to his see under Gallienus, was 
en in controversy with Sabellius, Nepos, and Paul of Samosata, 
and died 4.D. 265: of his numerous writings only fragments remain, 
12th, Tertullianus of Carthage, 

We now come to those Fathers of the Church who flourished in the 
fourth century, after Christianity had become the religion of the 
Empire, an age which may be styled the Augustan age of ecclesiastical 
literature, for the number and the merits of the writers whom it pro- 
duced, The fathers of this period are generally ranged in two 
classes—Fathers of the Greek or Eastern Church, and Fathers of the 
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Latin Church. The former are: Ist, Evsesrvs of Cwsarea. 2nd, 
AtBaxastvs, bishop of Alexandria. 3rd, Bastiivs, bishop of Cwsarea. 
4th, Greconrvs of Nazianzus, 5th, Grecorivus, bishop of Nyssa. 
6th, Cram, bishop of Jerusalem. 7th, Currsostom, Sr. Joun, 
patriarch of Constant 8th, Ernrenantvs, bishop of Salamis. 
9th, Cram, bi of ia. To the above must be added 
Ephraim the §: » deacon of Edessa, who died about 378, and 
whose works have been published in the original text by Assemani. 

The Fathers of the Latin Church are: Ist, Lacrantrvs. 2nd, 
Hivartus, bishop of Poitiers. 3rd, Ampross, archbishop of Milan. 
4th, Jerome, the translator of the Bible. 5th, Avaustine, bishop of 
Hippo. With Augustine the list of the great Fathers of the Church is 
generally considered as terminating, although this title has been also 
bestowed on some subsequent prelates and theologians; but these, 
such as Bernard, Thomas Aquinas, &c., are more properly distinguished 
by the name of Doctors of the Church. 

Of all the fathers whose names in the foregoing lists are printed in 
small capitals there will be found notices in the Broorarnrca. 
Drviston. 

The study of the Fathers is interesting and 

ians, but to those who would examine care’ 
and the state of society in their time. 

FATHOM. [Weicuts ayp Measures. 

FATTY ACIDS, Fats and fixed oils consist for the most part of 
glycerin united with an organic acid, and when such fats and oils are 
boiled with basic substances, especially with the alkalies and alkaline 
earths they are decomposed, the acid bape with the base, whilst the 
glycerin is set at liberty. This process of decomposition is commonly 
termed saponification, because it is the one essentially employed in- the 
manufacture of soaps. The acids thus extracted from the fats and 
oils are frequently spoken of under the name of fatty acids, They 
belong to two distinct groups of organic acids, namely, to the series 
having the general formula, CnHnO, and to that haying the general 
formula, CnH(n —2)0,. By the action of oxidising agents upon some 
of the members of these groups, a third family of acids of the form 
CnH(n —2)O, is produced. The acids belonging to the Jatter family 


inpemt not only to] 
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are bibasic, e following list gives the names and formule of the 
members of these three series of acids :— 
Acids having the | Acids having the Acids having the | 
formula CuHnO,. formula CaH(n—2)0,. | formula CnH(n— 2)0,. 
Monobasic, Monobasic. | Bibasic. 
Formic .C, H, 0, | 
Aoctie OC, Hg Of) .6. 0) a ve oe | DEM , yO, 
Propionic, C, H, 0, | Acrylic . ©, H, 0, 
Mangia = 3p OL4™. y-< 0 tls 
Valerianic. C,,H,,0,|- . + « «| Suocinic . C, H, 0, 
Caproie . C,H, ,0, | Angelic . CoH, 0,| Adipic . C,H, 90, 
GnanthylicC,,H,,0,/. . +» «+ «| Pimelic . C,,H,,0; 
Gioryiia sO, Oi = te cs Suberic . C,,H,,05 
Pelargonic C,,H,,0, 
Matias V.0setagOs.{ ss So!» | Bobaele Sy Opt 0) 
Lauric. . C,,H,,0, } 
Myristic . C,,H,,0, 
Palmitic . C,,H,,0, | Physetoleic C,,H,,0, | 
Stearic. . Cy,H,,0, | Oleic « . Cy,H,,0, 
Arachidic . C,,H,,0, 
Cerotic. . C,,H,,0, 
Melissic § . CygH,o0, | } 


Detailed descriptions of these acids will be found under their 
ve names, 

FAULT. [Mrstnc.]} : 

FAUN, FAUNUS, was the name given in the Roman mythology to 
the ae or genii of the woods, corresponding with the Panes of the 
G mythology. The Fauni were su to be the descendants of 
Faunus an old mythical king of Latium, who resided in the forest 
Albunea with his wife Fauna or Fatua, near the pond of sulphureous 
ae which is between Rome and —, ; and who were — gifted 
with the faculty of prophesying. In subsequent ages Faunus was 
worshipped as the god of the felis and flocks; and a festival, called 
the Faunalia, held in honour of him by the country people and agri- 
culturista on the 5th of December, was a scene of mirth and 
feasting. The forest of Albunea continued to be the Delphi of Latium, 
and the oracles were delivered by’a voice issuing from its recesses, 
(Virgil, ‘ Aeneid,’ vii. 82, &c.) Several statues in most European museums 
are believed to represent Fauni, but many usually called Fauns were 
more probably intended for Greek wpe [Sarrns.} Among the most 
Tetinkable are those in the gallery of Florence, ay 
one in the museum of the Capitol. The sleeping Faun of the Barbe- 
rino is now in the gallery at Munich. The so-called Rondinini Faun 
in the British Museum is a very fine statue of its class: it is of the 
size of life, and in a dancing attitude, but the head and extremities are 


modern. This statue was formerly one of the most remarkable objects — 
in the Rondinini at Rome. It was brought to England in 1826: 
and it would, it is said, have been brought here several years earlier, 
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. Another 

is that known 

as the‘ Laughing Faun,’ but the arms and both the legs below the 
knees are the work of a noted Italian “restorer” named Algardi, and 


are quite inconsistent with the original torso, A third, and e 
celebrated statue in the same collection is that of a faun or satyr 
. a ae 


é 


on his back, and known as the ‘ Drunken Faun ': 

arm and both feet are a restoration. There are some 
and relievi of fauns in the British Museum which 
illustrate their general character: they are mostly 
Third Greco-Roman Saloon. The Fauni are almost invariably 

sented in playful attitudes, with a wild, mirhful, transient expression 
Flaxman in a single sentence sufficiently them. 
“The Fauns are youthful, eprighth , tendonous; their faces round, 
expressive of merriment, not without an occasional mixture of mis- 


chief.” (‘ Lectures on Sculpture,’ p. 152.) 
FAUSSE-BRAYE, a name given to the rampart which, ae 
a second enceinte, is sometimes formed on the exterior of and el 
to that which constitutes the principal enceinte of a fortress. } 
In the ancient fortifications a ad | 
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stituted the exterior part of the general rampart of a fortress ; 


terreplein, or u surface, was on, though sometimes a little above 
below, the level of the country, and it carried a for the pro- 
tection of the defenders, The ein and of the interior 


ed ae eg were several feet higher ose of the fausse-— 
ye, and the interval between the two parapets was sometimes broad 
enough to allow room for artillery. Gay 

A good indication of the nature of this work may be obtained from 
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the lower flanks of the bastions at Portsmouth, which are double flanks, 

and, in order to render the example complete, it is merely necessary to 
suppose these second parapets continued along the curtains and before 
the faces of the bastions. 

The fausse-braye, thus formed, was most. probably employed before 

_ the introduction of the covered way, a far more useful work : for the 
terrepleins and crests of pets of the two works being in the same 
horizontal planes, it is evident that the fires could not be simultaneous, 
and consequently that neither the musketry nor artillery fire of the 
fausse-braye could be employed till the enemy were on the crest of the 
glacis. It also afforded to the enemy some facilities in escalading the 
rampart, Deep the revetment into two steps, as it were; the 
first one, that of the fausse-braye, being about twenty-two feet, and 
when the enemy were on it permitting him to circulate along the 
rampart and pa 4 in at more points than one at the same time. And 
pe the defenders of the fausse-braye would be easily enfiladed by 

enemy's lodgments on the crests of the glacis three or four feet 
above them; and would be much injured by his shot and shell, which, 
striking the revetments behind them, would cause great splinters, and 
choke up the terreplein. On account of these defects, this kind of 
fausse-braye has been long since suppressed, except opposite the curtain, 
where it is supplied by the tenaille. [Basrion, fig.1.] It should be 
observed, however, that Carnot and other more recent French engineers 

_ have constructions which may be considered as partial revivals 
of the fausse-braye, but with circumstances which appear to render the 
work free from the defects above mentioned. 

FEALTY. [Fevpat System.] 

FEAR is the dread or apprehension of any object or event, which 
object or event however is sometimes purely imaginary. Absence of 
fear is resolution or courage. Absence of all dread would be a repose 
of the soul, for which, as it cannot exist, the language affords no term. 
Dread is a minor species of affright or terror, but of a more enduring 

nature, The highest and most excessive state of terror amounts to a 

total deprivation of consciousness, and produces death. If these defi- 

« nitions are correct, a smaller degree of terror would consist in a quickly- 

passing unconsciousness. Dread would consequently consist of a 
___ suecession of recurring periods of unconsciousness, alternating with 
___ excessive rapidity with intervals of consciousness, of which only the 
total impression is perceived (as in the vibratory strokes of vibrating 
bodies in acoustics) ; this total impression constitutes dread. Fear is 
only distinguished from dread through the imminence of danger, and 
thence a fearful or a dreadful or frightful object are nearly synonymous. 

The | these periods of unconsciousness endure in a state of fear or 

Sondsthe more powerful are the feelings, till at length (as in drowning 

persons, or in children who are much alarmed) total unconsciousness 

ensues, and, according to circumstances, death . 

If these definitions of fear and dread are psychologically correct, they 

__ serve to explain all the consequent physiological phenomena. A violent 
blow upon the head deprives us of consciousness, by occasioning an 

interruption in the regular functions of the brain, through which recol- 
lection ceases, and unconsciousness ensues, Any horrible appearance 
to, or impression upon, the organs of sight may produce a similar effect ; 
for if the nerves of vision are so powerfully affected as to re-act upon 
the brain, the regularity of its action is similarly destroyed and the 
same effects are produced as by a blow. It is the same with all the 
ether senses; and it is worthy of remark, that these feelings (of fear 
om) evidently heighten the powers of the eter If there- 

_ fore a powerful affection of the visual nerve will produce absolute 
terror, s0 may a smaller de; of terror produce the more lasting 
sensations of dread or fear, that is, interchanging pauses of conscious- 

wness and unconsciousness. With the brain and spinal marrow the 

_ nerves are connected which lead to the lungs, to the stomach, to the 

tnuscles, and other parts of the body. It is therefore not surprising 
that dread or fear should display itself in shortness of breath, irregu- 
larity of pulsation, an increased action of the heart, a disordered 
stomach, sickness, and powerlessness of the limbs. 

Fear may be also produced through a disordered action occasioned 
by some local affection of the heart or the lungs, or through plethora 
or disorders of the blood, or through a general sickness, as in the 


FEAST or FESTIVAL, an anniversary day of civil or religious joy ; 
from the Latin festum. 

Among the Jews, the feast of Trumpets, that of Expiation, the feast 
of Tabernacles, the feast of Dedication, the Passover, Pentecost, and 
the feast of Purification, were the principal. The modern Jews have a 
few more, but are of later institution. 3 
__ The Greeks, more ially the Athenians, had an abundance of 
festivals. Such were the ia, in honour of Aglauros, the daughter 
_ of Gecrops; the Artemisia, in honour of Artemis; the Dionysia, in 

honour of Dionysus; the Eleusinia, in honour of Ceres; and the 
, in honour of Athene: notices of the three last and most 
ya of them will be found under their several headings. 

_ The Roman festivals were of two kinds; first, those which were fixed 
or stated; secondly, those which were a) ted annually on a certain 
day by the magistrates or priests. Of the former kind were the 
“ the Faunalia, Matronalia, Cerealia, Saturnalia, &c., through, 
ee several months ; the latter were the Feri Latin or Latin holidays, 

the Paganalia in honour of the tutelary gods of the rustics, the 
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Sementive: in seed-time, and the Compitalia. Dion (ix. 17) observes 
that so large a portion of the year was taken up with sacrifices and 
Baye. to the great loss of the public, that Claudius abridged the 
number. 

The Mohammedans, in addition to their weekly feast,or sabbath, 
which is observed on Friday, have two festivals of a more solemn kind ; 
the feast of Victims, celebrated on the 10th day of the last month of 
their year, and the feast of Bairam. 

With us, some of our festivals are immoveable, and others moveable. 
The immoveable festivals are Christmas Day, the Circumcision, the 
Epiphany, Candlemas or the Purification, the Annunciation of the 
Virgin Mary or Lady Day, All Saints, and All Souls. The greater part 
of what are called Saints’ Days have long ceased to be celebrated, except 
in the calendar. The principal of the moveable feasts, and that by 
which the rest are guided, and from which they keep their proper 
distance, is Easter; the others are Palm Sunday, Good Friday, Ash 
Wednesday, Sexagesima, Ascension Day, Pentecost, and Trinity Sunday. 
The four feasts from which leases are usually dated, and quarterly 
payments made, are Lady Day, 25th March ; the Nativity of St. John 
Baptist, June 24th; Michaelmas Day, September 29th; and Christmas 
Day, December 25th. In the Roman Catholic and Greek churches the 
festivals of the various saints are still preserved. 

The reader who would know more of the English festivals at an 
earlier period, may consult the ‘ Liber Festivalis,’ printed at Westminster 
by W. Caxton, sm. fol. 1483, which consists chiefly of a collection of 
sermons, preached to the common people upon them. See also ‘ Festa 
Anglo-Romana,’ 12mo, London, 1678; ‘ Historia Sacra, or the Holy 
History, giving an exact and comprehensive account of all the Feasts 
and Fasts of the Church of England,’ 2nd edit.; and Nelson’s ‘ Fasts and 
Festivals.’ ; 

FEATHERS. In addition to their anatomical relation to the cover- 
ings of birds, the principal uses to which feathers are applied are for 
personal decoration, as plumes for ladies’ head-dresses, or for the hats 
of military officers; as a soft and highly elastic material for filli 
beds, cushions, and pillows ; or in the case of the larger quill-feathers, 
as writing-pens, or small tubes for the manufacture of hair-pencils, or 
similar purposes. 

For the first of these purposes their elegant appearance is their 
great recommendation; for the second, to which only the smaller 
feathers are applied, their exquisite softness, and that elasticity and 
peculiarity of structure which renders them less liable to clot together, 
under the influence of pressure, than any kind of woolly or hairy 
substance which is applied to the same purpose, are their great recom- 
mendation; while the last-mentioned use depends on their possession 
of a hollow quill or barrel of a horny texture, which, though found in 
all feathers, is only sufficiently large and strong in those of the wings 
and tail to be useful for such a purpose. 

Plumagery. Of the various kinds of feathers employed as plumes 
for head-dresses, the most important are those of the ostrich, of which 
there are various qualities, almost wholly procured from Africa. Those 
of the male bird are preferred, as being the whitest and most beautiful ; 
those upon the back and above the wings being considered the best, 
those of the wings next in quality, and the tail-feathers the least 
valuable. The down, which is black in the males and gray in the 
females, consists of the smaller feathers from other parts of the body, 
which vary in length from four to fourteen inches. The finest white 
feathers of the female bird are somewhat gray towards the end, which 
lessens their value. The mode of preparing ostrich feathers for use, 
and of dyeing them of various colours, is briefly as follows : They are 
first washed or scowred by rubbing with the hand (being previously 
tied up in bundles) in a lather of white soap and water, and sub- 
sequently in clear water, as hot as the hand can bear. They are then 
bleached by three successive operations,the first being to immerse and 
agitate them well in hot water mixed with Spanish white, after which 
they are rinsed in three clear waters in succession ; the second, which 
is termed azuring, passing them quickly through a bath of cold water 
containing a little indigo tied up in a fine cloth; and the third, sul- 
phuring, or exposing them in a close vessel to the vapour of burning 
sulphur, in the same way as in the bleaching of straw hats and 
bonnets. The feathers are then dried by hanging upon cords, during 
which they are shaken from time to time to separate their fibres. To 
increase their pliancy the ribs are scraped with a bit of glass cut 
circularly; and to impart the requisite curly form to the filaments or 
fibres, the edge of a blunt knife is drawn over them. The dyeing is 
effected by various agents—logwood, copperas, and acetate of iron for 
black ; indigo for blue; alum, Brazil wood, and cudbear for crimson ; 
safflower and lemon-juice for pink; alum and Brazil wood for red; 
alum, turmeric, and weld for yellow, &c. For all colours except black, 
the feathers should be previously well bleached by exposure to the 
action of sun and dew, which is effected by cutting the end of the 
quill or tube to a sharp point, and sticking or planting the feathers 
singly in grass ground, where they are left for fifteen days. 

Dr. Macgowan, United States consul at Ningpo, has recently given 
an interesting account of the plumagery or feather-working of the 
Chinese, Feathers are largely employed by that ingenious people in the 
decoration of metallic ornaments, chiefly for head-dresses. The lustre 
of the metal is softened by laying over it portions of a covering of blue 
feathers, representing flowers, insects, birds, and the like. The art 
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to most dvantage fk ies by artificers whose oocupation 
is the manufacture of gar! a frontals, tiaras, and crowns 
of very thin copper, on which purple and blue feathers of’ gorgeous 
brilliancy are placed with much taste and skill. From the size of 
these ornaments, scope is afforded for the display of various figures. 
Dr. Macgowan describes in the following words the processes of this kind 
of feather-working :—“ On the table at which the workman sits; he lias 
a fasciculus of feathers, a small furnace witha few embers for keeping 
warm a cup of glue, a small cutting instrument like » screw-driver, 
a pencil on brea, and the articles, either silver, gilt, copper, tinsel, or 
pasteboard, which are to be feathered. The thumb and index finger 
being smeared with glue, the feathers are gently drawn between them, 
which stiffens the barbs, — to adhere firmly together ; when 
dry, the perpendicular blade is drawn close to the shaft, dividing it from 
the barbed portion. Holding this cutting instrament as in writing 
& la Chinoise, the artist, by pressing on the strips of barb with the 
knife, cuts them into the desired size and shape, which is a work of 
some delicacy—the pieces being very small, in the form of petals, 
scales, diamonds, squares, and the like, and requiring to be of thesame size 
as the particular spot on which they are to be laid. Besides i 
this tool in the manner described, he holds thie pencil nearly as we do 
a pen, dips it into the glue, brushes the spot to be coated; then 
expertly reversing it, touches with its opposite point a morsel of 
feather, which is thus lifted up and laid on the part for which it 
was fitted: Care is requisite also in giving a proper direction to this 
twilled work ; for such of course is the appearance presented by the 
barbs; The feathers most in demand for this purpose are from a 
beautiful species of Alcedo, brought from the tropical regions of! A’sia ; 
they are employed for silver articles. Kingfishers of coarser plumage, 
and less brilliant hue, found throughout the country, are used for 
ornaments made of copper and pasteboard. Blue always greatly 
predominates over lighter or darker shades, relieved by purple, white, 
or yellow. . . . Sometimes two dragons extend frorn below the lobes 
of the ears, meeting above the forehead, the variegated scales of which 
are represented by minute portions of feathers of various hues; at 
others, beautiful flowers are interspersed with elegant mosaic. And 
then again the head attire appears animated; as with every turn of 
the fair one, tiny genii, birds, and insects are set in motion from 
springs and wires which retain them in the midst of the fairy-like 
garland. ‘To increase the effect, these ornaments are studded with 
pearls, produced cheaply and in great abundance by artificial means in 
a fresh-water mussel.” (‘ American Journal of Science and Art.’) 

Bed Feathers. The employment of feathers for stuffing beds 
was known in England at least three centuries ago. Goose feathers 
—which, owing to their superior elasticity, are preferred for this 
purpose—are considered best when plucked from the living bird ; and 
in the districts where geese are chiefly kept, this cruel operation is 
repeated from three to five times in a year. ile most writers con- 
demn this practice for its apparent barbarity, and while some even 
assert that in cold weather many birds die in consequence. of being 
subjected to it; others affirm, on the other hand, that the breeders, 
for their own profit, pluck only such feathers as are very near falling 
off, and the removal of which consequently gives but little pain, 
because as such as are firmly fixed have a little blood at the end, they 
are less valuable. Young birds are plucked as well as those of mature 
growth, early plucking being supposed to promote the rapid growth of 
the feathers, Goose feathers are divided into white and gray, the 
former being deemed the most valuable. The less valuable kind of 
feathers, known by the general name of poultry feathers, are obtained 
from turkeys, ducks, and fowls. Wild-duck feathers are both soft and 
elastic, but their value is impaired by the great difficulty of removing 
the disagreeable odour of the animal oil which they contain. Various 
methods are practised of cleansing feathers from their oil. Some 
ae use lime-water; others lime in a different state. The 
purification of bed-feathers by the agency of steam is now much 
practised ; in one method, which is secured by patent, and is applicable 
either to new feathers or to such as have become deteriorated by use, 
the feathers are so greatly improved in softness and elasticity that a 
mueh less quantity of them than of feathers prepared in the ordinary 
bin Panerer to make a good bed. 

softest and finest kind of feathers employe for bedding are 
those from the breast of the eider-duck, known in commerce as eider- 
down. [Ermer Downy.) This exquisitely soft down should never be 
slept upon, as it thereby loses its elasticity, but should be used only as 
& covering. A similar substance, though in less quantity, is procured 
from the swan, the goose, and some other birds, 

Quills for Pens. For the third of the above-mentioned uses of 
feathers the quills of the goose are most generally employed, though, 
for purposes where great size and strength are required, those of the 
turkey and swan are highly prized. When geese are plucked several 
times in a year for other feathers, the quilla are only taken at the first 
plucking about the end of March. As taken from the bird, the horny 
substance of the barrel of the quill is covered, both internally and 
externally, with a vascular membrane, which adherea very closely to 
it, and the substance of the quill itself is opaque, soft, and tough. The 
quills must therefore be subjected to certain operations by which the 
membranes tay be detached and dried up, and the barrel rendered 
transparent, hard, and somewhat brittle; previous to which they are 
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also been suggested as a goo 
mode of dressing or preparing quills. By whatever process th 
external membrane is removed, that inside the quill remains, separate 


from it, and shrivelled up in the centre of the barrel, until it in out - 


open to convert it into a pen. 3 
FEBRUARY, the second month-of the year. Its name is derived 
from februo, to 
this. month. (Ovid, ‘ Fasti,’ ii, 1. 19, 31.) The Saxons called it Sol 
Monath, because the sun’s meridian altitude visibly increases in it. 


February was not in the Calendar of Romulus. It was bene ag 


ear by Numa, who gave it the twelfth place in the Calendar, 1 
ecemviri transfe it to the place in which it now stands. (Ovid, 
‘ Fasti,’ ii. 1. 47.) Numa assigned twenty-eight days to it in order that 


the sum of the year might be an uneven number, toa Pytha- 
a fancy. (Macrob. ‘Saturnal,’ li. i. c. 13.) In an ordinary year 
ebruary has twenty-eight days; in bissextile, or leap-year, it has a 
twenty-ninth, or inte: day, except once at the end of each period 
of four centuries. y 


FECIALES, in ancient Rome, were the messengers or heralds of 
war and peace ; they belonged to the order of the priesthood, and their 
persons were held sacred even by enemies. When the Romans had or 
pretended to have grievances against another state, they sent one 
of the feciales, who - had solemn ie entered — cami 
territory or town, and in the presence of the assem’ peo or 
of the teats and rulers of the country, stated the ccuplanaiel of 
the Romans, and asked for reparation. A certain time, generally thirty 
days, was allowed for deliberation and for returning an answer, at the 
end of which the fecial herald came again, and if the answer was not 
satisfactory, he took to witness Jupiter and the other gods that he 
had religiously performed his duty, and that it was now the business 
of the Roman senate and people to decide upon the question. On his 
return to Rome he declared to the senate the it of his mi sion, 
and told them that they might now declare war if they thought 
proper, If war was decided upon, the fecial herald went again to 
—_ of the rig — and hice pe 
to Jupiter and the other 
eek the injustice of that people and their obstinac; ane 
reparation, and declared that nothing now remained for Thonn , to 
seck satisfaction by its own arms: he then threw a spear within the 


= 


hostile boundaries, upon which war was considered as begun. When 
a treaty of peace or alliance was to be concluded, the presence of the 
feciales was likewise required, as with the Romans political con- 
ventions partook of a religious character. The and other 


ancient Italian nations had also their feciales. ‘This institution had a 
beneficial effect, insomuch as it tended to bumanise the system of 
warfare, and to (Beane sudden and unexpected ons. , 


FECULA. [Stanca. 


FEDERATION. A federal union of sovereign states may be most 


easily conceived in the following manner :— 


We will suppose that the sovereign power in any number of inde- 


urify or cleanse, The Lupercalia were celebrated in 
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states is vested-in some individual in those several states. 
ese sovereign persons may agree respectively with each other and 
with all not to exercise certain functions of sovereignty in their several 
istates, and to transfer these functions to be jointly exercised} by the 
contracting sovereign persons. The consequence of such a compact 
will be that the contracting sovereign persons in their joint capacity 
__will become sovereign in each state and in all the states. The several 
_ sovereign persons having for the time surrendered to the joint body 
_ certain powers incident to their several sovereignties are no longer 
_ severally sovereign in their several states. The powers surrendered to 
_ the joint body may be determined by written contract, the inter- 
aepomal of which belongs to the joint body, yet in such a manner 
4 4 there can be no valid interpretation unless the sovereign persons 
are unanimous; for if any number or majority could bind the rest, 
they might, by interpretation, deprive the several contracting persons 
of all the powers reserved to them by the contract. It follows also 
_ from the terms of the union, that any one party can withdraw from it 
_ at pleasure, and, as far as he is concerned, dissolve the union; for the 
_ essence of this union is the continuing consent of all. 
This is the simplest possible form of a supreme federal government ; 
one in which the contracting sovereign powers are individuals, and in 
_ which the sovereign persons in their aggregate capacity exercise the 
_ functions of sovereignty. Such a federation may never have existed, 
but any federation that does exist or can exist, however complicated it 
seem, is reducible to these simple elements, 
_ If the sovereign powers, instead of being in individuals, are in all the 
“ <veiroed the respective states, the only difference will be that the 
func of sovereignty, which in the first case we supposed to be 
exercised by the individual sovereigns in their joint capacity, must, in 
_ this case, be delegated to individual members of the sovereign body. 
_ The citizens of the several sovereign states must in the first instance 
of ity delegate to some of their own body the proper authority 
for making the federal contract or constitution; and they must after- 
wards {romeo out of their own body, in the mode prescribed 
by the contract, for executing the powers intrusted by the 
federal contract to persons so appointed. Thus the individuals who 
form the federal contract act therein severally as the agents of the 
sovereign states from which they receive their commission; and the 
individuals * oenvace to carry into effect the terms of the federal 
contract are ministers and agents of that sovereign power which is 
of the several sovereign states, which again are composed of 
all the citizens. By whatever name of President, Senate, House of 
_ Representatives, or other name, the agents of the sovereign power are 
_ denominated, they are only the agents of those in whom the sovereign 
d resides. 


When the sovereign power is so distributed, the question as to the 
S| ae ion of the federal contract may in practice be more difficult, 
_ but in principle it is the same. No one state can be bound by the 


nations or individuals, that each con 
pa ,and that no interpretation from which any power dissents can, 


obedience to another sovereignty, which results from the aggrega- 
of their several sovereign powers :jtheir acts in their joint capacity 


# of interpreting the written instrument of union to certain 
jary authorities, appointed under the federal compact for the 
its provisions into effect, the several sovereign 
exercise, either by their legislatures or their judiciary 
tie to judge of the correctness of the interpretation, 
much as if the several sovereign persons, in the case first 
ed, themselves exercised the functions of sovereignty in the 


hat is commonly called the general government of the United 
Drers of North America is rs a of a = ys oe or federal 
_ government, or a supreme government. e contracting 
ipa cee = al eda ay Setter eden Pat the 
_ eitizens), which in aggregate capacity formed a supreme federal 
ernment. The ministers for ig into effect the federal govern- 

nent are the pipe and , and the judiciary of the United 

- ‘States. By the preamble to the constitution it is in fact declared that 
the” people 


of the United States” are the contracting parties. 
fifth article of the constitution ides that “The congress, 
t two-thirds of both hotises deem it necessary, shall 
amendments to this constitution, or on the application of the 
es of two-thirds of the several states, shall a convention 
mendments, which, in either case, shall be valid to all 
— as part of this constitution, when ratified by the 
os of fourths of the several states, or by conventions 
three-fourths thereof, as the one or the other mode of ratification 


wei proposed by the congress ; provided, &c., and that no state, 
without its consent, shall be deprived of its equal suffrage in the 
senate.” From this article it is clear that the framers of the con- 
stitution did not fully comprehend the nature of the supreme federal 
government; for it is assumed by this article that the several states 
may be bound without their unanimous consent, which is contrary to 
conditions essentially implied by the nature of the union. This article 
involves also the inconsistency that the sovereign in any state may 
bind his successors : if the case of a federation of individual sovereign 
persons had been that to be provided for, the impossibility of the pro- 
vision would have been apparent; but the impossibility equally exists 
when the contracting sovereign powers are respectively composed of 
many individuals, for the abiding consent is still the essence of the 
union that has been formed. 

This is not the proper place to discuss the advantages and dis- 
advantages of a supreme federal government, nor to examine into its 
stability. That it is necessarily deficient in one element of stability, 
namely, in there being a necessity for all the consenting parties to 
continue their consent, is evident: in this t it is like a partner- 
ship for an indefinite period, Which may at any time be dissolved by 
any one of the partners, Such a power, which is incident to the 
nature of the partnership, so far from ‘being an objection to it, isa 
great advantage. So long as all the parties agree, they have the benefit 
of the union: when they cannot agree, they take instead of it the 
benefit of the separation. 

It is also foreign from our purpose to consider what is the tendency, 
ina union like that of the United States, resulting from the powers 
placed in the hands of the president and congress by the states acting 
in their aggregate capacity. If such power were placed in such hands © 
by sovereign persons originally severally sovereign in their respective 
states, as in the case first supposed, the vigilance of these persons in 
their aggregate capacity, though somewhat less than the vigilance of a 
single sovereign person, would probably prevent any undue assuniptions 
of power on the part of those to whom they had delegated certain 

ed powers. But the farther the sevéral sovereigns, who in their 
aggregate capacity form this federation, are renioyed from thosé to 
whom they delegate certain powers, and the more numerous are the 
individuals in whom this aggregate sovereignty resides, the greater are 
the facilities and means offered to, and consequently the greater is the 
tendency in, their ministers and agents practically to increase those 
powers with which they may have been intrusted. In their capacity of 
ministers and agents, having patronage at their command and the 
administration of the revenue, such agents may gradually acquire the 
power of influencing the election of their successors, when their own 
term of office is expired, and may thus imperceptibly, while in name 
servants, become in fact masters. That there is such a tendency to 
degenerate from its primitive form in all social organisation, as there is 
in all organised bodies to be resolved into their elements, seems no 
sufficient reason for not forming such union and deriving from it all 
the advantages which under given conditions it may for an indefinite 
time bestow on all the members of such federation. 

Federations of a kind existed in ancient times, such as that of the 
Tonian States of Asia, which assembled at the Panionium at certain 
times (Herodotus, i. 142); the Achman confederation ; the Avtolian con- 
federation ; and the Lycian confederation, which is described by Strabo 
(p. 664). The Roman system of foederate states (civitates faederate) is 
another instance of a kind of confederation; but it was of a peculiar 
kind, for Rome was neither absolutely sovereign over these states nor 
yet associated with them in a federation, as now understood. The 
rélationship between Rome and the federate states rather resembled 
the relation of sovereign and subject than any other, though it was 
not precisely that. 

A supreme federal government, or 2 composite state, is distinguished 
by Austin (‘ Province of Jurisprudence Determined’) from a system of 
confederated states ; in the latter, “ each of the several societies is an 
independent political society, and each of their several governments is 
properly sovereign or supreme.” It is easy to conceive a number of 
sovereign powers, such as the German states, assembling and passing 
resolutions which concern all the members of the confederacy, and yet 
leaving these resolutions to be enforced in each state by its own sove- 
reign power. Such a union, therefore, differs essentially from a supreme 
federal government, which enforces its commands in each and all the 
states, As to the existence of a written constitution, as it is called, in 
the one case, and a mere compact in the other, that makes no essential 
difference ; for the federal constitution, as we have shown, is merely 
articles of agreement, which only derive their efficacy from the con- 
tinued assent of all the members that contribute in their aggregate 
capacity to form the sovereign power in such federation. ‘ 

‘As to a system of confederated states, Austin adds, “T believe that 
the German Confederation, which has succeeded to the ancient empire, 
is merely a system of confederated states, I believe that the present 
diet is merely an assembly of ambassadors from several confederated 
but severally independent governments ; that the resolutions of the 
diet are merely articles of agreement which each of the confederated 
governments spontaneously adopts; and that they owe their legal effect, 
in each of the compacted communities, to laws and cotimands which 
are fashioned upon them by its own immediate chief, I.also believe 
that the Swiss Confederation was and is of the same nature, If, in 
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the case of the German or of the Swiss Confederation, the body of 
confederated governments enforces its own resolutions, those confede- 
rated governments are one composite state, rather than a system of 
confederated states. The body of confederated governments is pro- 
perly sovereign ; and to that aggregate and sovereign body each of its 
constituent members is properly in a state of subjection.” 

FEE-FARM RENT, [Rent.] 

FEE-SIMPLE, | [Estarte.] 

FEE-TAIL, [Esrare,]} 

FEELING, rege 

FEES, certain sums of money claimed as their — by official 
persons under the authority of various Acts of Parliament, and by pre- 
scription. The right to fees, as well as the amount payable in most 
cases connected with the administration of justice, has been regulated 
by several recent statutes. 

a demanding improper fees are guilty of extortion. [Exror- 
TION. 

The rewards paid to barristers and physicians, attorneys and sur- 
geons, for their several services, are called fees, which may be recovered 
by the three last-named by action. Barristers cannot recover their 
fees by any legal proceeding; nor can physicians, if they are members 
of a college of physicians which has enacted a bye-law to that effect. 
(Counset; Paysictay.} 

_ FEHM GERICHTE, FEMGERICHTE, or VEHM GERICHTE, 
the celebrated courts of justice of Westphalia, which have been, on 
very slender authority, said to be the relic of an institution of Charle- 
magne, but which certainly flourished and possessed most enormous 
power and influence during the 13th and 14th centuries. It was chiefly 
confined to what was then known as Westphalia, which included nearly 
all the countries between the Rhine and the Weser, and extended from the 
mountains of Hesse on the south to Friesland on the north; and this 
district bore the mystic name of the red earth in the records of the 
time, though the exact derivation or meaning of the term is uncertain. 
It would seem that, whatever earlier institutions it may have been 
founded upon, the tribunal was first organised when, after the depo- 
sition and outlawry of the emperor Henry the Lion, the authority of 
the laws, both civil and ecclesiastical, gave way to force, which, in the 
hands of ignorance and rapacity, threatened society with dissolution. 
In order to check the audacity of those who, relying upon their power, 
thought themselves above the reach of the law, and for the protection 
of the defenceless and innocent, a secret tribunal was formed, called the 
sacred Fehme, or Fehm Gericht. 

These tribunals.arose from the like causes which formed the trade- 
guilds in towns, and the confederacy of the Hanse Towns, namely, the 
necessity of individuals following peaceful professions defending them- 
selyes by unions against the spoliation and tyranny exercised by the 
feudal nobility, and which neither the law nor the emperor was able to 
repress, nor, except in rare cases, to punish. When these confederations 
became sufficiently powerful to defend themselves, the neighbouring 
nobility were frequently desirous of becoming members of the commu- 
nity, in order that they might in some measure guide what they could 
no longer resist. It was in fact an early development of public opinion 
developed in forms peculiar to the period; and the sentences of the 
Fehm Gerichte itself, except that the institution was permanenit, re- 
sembled in some of its features those of the Lynch-law in the back 
settlements of the United States of America, There was usually no 
concealment, the trial was held commonly in the open air, in the 
presence of an audience; and it was only on the conviction of an 
offender who failed to appear that his death was effected by the means 
which added so much mystery and terror to the judgments of the 
courts. 

By the constitution of the tribunal, the Emperor of Germany was the 
nominal head, who was usually madea member of the Fehm on his coro- 

nation at Aachen: but very early the archbishop of Cologne was made the 

imperial lieutenant in Westphalia; and indeed it is stated that arch- 
bishop Engelbert was, in 1179, the first Freygraf, Under the archbishop 
were the tribunal lords (Stuhiherren), to each of whom a particular 
district was assigned, beyond which he had no jurisdiction, The 

Stuhlherr cither presided in the courts himself or deputed a count 

(Freygraf) to take his place ; for the country was divided into counties 

(Grafechaften), and every county had at least one Freygraf, who took 

an oath to judge truly and justly, and to be obedient to the emperor 

and his lieutenant. Next to the counts were the assessors or Schéppen, 
who formed the bulk of the society. These were nominated by the 
count, with the approval of the Stuhlherr, after having been recom- 
mended by two = already members of the tribunal, who vouched 
for the fitness of the candidate. The candidate was required to have 
been born in marriage, of free parents, to be a Christian, to be neither 
excommunicated nor outlawed, not to be involved in any process before 
the tribunal, not to belong to any spiritual order, and at first to have 
been a native of Westphalia; but latterly strangers were admitted. 

Kneeling bareheaded before the assembly, with ‘his thumb and fore- 

finger on a naked sword and a halter, he swore— 

“TI promise, on the holy marriage, that I will, from henceforth, aid, 
keep, and conceal the holy Fehms, from wife and child, from father 
and mother, from sister and brother, from fire and wind, from all that 
the sun shines on and the rain wets, from all that is between sky and 
ground, especially from the man who knows the law; and will bring 
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before this free tribunal, under which I sit, all that belongs to the 
secret jurisdiction of the emperor, whether I know it to be true myself, 
or have heard it from trustworthy people, requires correction 
or punishment, whatever is Fehm-free (that is,a crime committed in 
the county), that it may be judged, or, with the consent of the accuser, 
be put off in ; and will not cease ao to do, for love or for fear, for 
gold or for Sivas or for precious stones ; 
tribunal and jurisdiction with all my 
I do not take on me this office for any 
right and justice; moreover, that I 
free tribunal more than any other 
inert I steadfastly and firmly 
oly Gospel.” , 
As soon as the neophyte had 


sign 
which is still involved in mystery. The 
sented with a rope, which he was obliged to 
and also a dagger, on which the four above-men' 
engraved, together with other symbols. Moreover 


of executing capital punishment whenever required 
perform this duty. . 

The mode of proceeding against the accused was as follows: If 
author of a crime absconded, or his residence was unknown, 
schéppe was required to write four summonses, and 
cross road; but if the residence was known, the sché ’ 
night, and nailed the summons with four nails, folded as a letter, con- 
taining an imperial farthing, on the man’s door. He py cya 
bell, and told the porter that he had b a letter from the sacred 
tribunal for his master. The initiated 
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at 
case ! 
call by the dined 
brought the accusation was called upon by to 
auth and his witnesses knew relating to the charge, after 
aceused and his witnesses were heard. The j 
‘Tuesday in the open air. The count presided, 
table lay a ber paene and a withy halter. On his ri 
stood the clerks of the court, the assessors, and the audi 
headed, their hands uncovered, and unarmed, signi 
would cover no right with unright, that they would do nothing 
hand, and that they were at peace with the emperor and the 
They wore short mantles to show that as the cloak covers the 
should their love cover justice. Each party was entitled to 
compurgators, and the verdict was left to the assessors. An “geal, 
however, lay, if claimed before the court broke up, to the 
Closed Tribunal of the Imperial Chambers, which usually held 
its sittings at Dortmund. These proceedings were for the uninitiated ; 
for the initiated it was sufficient that the accused, laying his two 
forefingers on the naked sword, swore he was innocent; but one of 
initiated convicted of revealing the secrets. of the tribunal was 
diately hung. When the sentence was pronounced, the execution of 
which, in case of capital punishment, was intrusted to all the members 
of the order, the condemned, if present, was at once executed; if he 
had not appeared, the schéppen were set in pursuit of him. Whenever 
three schéppen (for that was the number necessary for an ordinary 
execution) met the — condemned, they seized him, and with one 
of the ropes which 
tree, fixing a r in the trunk to denote that the 
killed by the holy tribunal. When such an event occurred, no court 
of law dared to take notice of the affair; every man’s to’ was 
struck silent, for fear of incurring the vengeance of this terrible body. 
This punishment, owas, Lae ee wee u pon, at who 
readily ap; 3 in such cases ju were sati with causing 
the defender to redress the wrong that he had inflicted. But if the 
accused failed to attend the summons, which was repeated three times, 
judgment passed by default, and the accused was declared an outlaw, 
Every schéppe, though he were the father or son of the criminal, was 
in duty bound to put him to death by the rope, the the sword, 
or even poison, and to revenge any insult offered to the tribunal upon 
man, woman, or child, noble or plebeian, freeborn or slave, house or 
farm, monastery or nunnery, that dared to shelter him. 

The power of this tribunal was ter than that of the Holy 
Inquisition ; it struck terror into all , and especially in West- 

halia, where it originated. Princes and nobles were anxious to enter 

to this order either for protection their enemies, or to avoid 
the jurisdiction of a tribunal the J ety of which they were unable to 
withstand. Towards the end of 


time threatening to proceed against him for contempt in 
appearance. If the accused attended the summons, the 
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ey carried in their sleeves, hung him on the next — 
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15th century, the German 7m 
having acquired more political consistency, and the objects for which a 
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this tribunal was instituted having ceased to exist, it gradually lost its 
power, without being abolished by any legislative enactment. Some 
traces of the revival of this tribunal appear in the 17th century, but 
its efforts to regain its former importance were checked by the public 
authorities. It sunk at length into utter insignificance ; and a rem- 
{ nant of it which continued to act as a kind of society for the suppres- 
sion of vice was abolished in Westphalia by order of Jerome Bona- 
yarte in the year 1811. The members of the order maintained that 
were the true and genuine possessors of the secrets intrusted to the 
Fehm by Charlemagne, but no one would or could explain the signifi- 
cation of the mystical 8.S.G.G. Goethe has given a graphic picture 
of the working of this tribunal in his historical drama ‘Géetz von 
Berlichingen ;’ and Scott in his ‘Anne of Geierstein,’ has described 
the ? pian of the tribunal: but neither have confined themselves 
to the historical facts, and the last has wandered widely. The best 
historical accounts of its organisation are by Bork, ‘ Geschichte der 
ischen Vehmgerichte,’ Bremen, 1815; Paul Wigand, ‘ Das 
icht Westfalens, Hamm., 1827; and Usener, ‘ Die Frei und 

i Gerichte Westphalens,’ Frankfurt, 1832. 

FEIGNED DISEASES. There are few subjects attended with more 
difficulty than the detection of feigned diseases, especially when they 
are the result of a system which permits of a constant refinement of 
the deceit by practice. This has been especially the case in France, 
where the object has been to escape the conscription. Foderé has 
Observed, “ that it was brought to such a perfection as to render it as 
difficult to detect a feigned disease as to cure a real one.” The motives 
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This is Lora the case in the army and navy, where the men will 
ill to escape duty or to gain their di 
the name of Malingering. , too, often feign 
are offered work, preferring the easy task of soliciting 
to the labour of an occupation, 2, The hope of gain. This 
motive comes into operation where the object is to obtain relief from 
the parish, to impose upon the benevolence of private persons, to 
procure the allowances of benefit societies, clubs, &c., to get admitted 
‘into an hospital, or to obtain compensation for some pretended injury. 
3, To procure release from confinement or an exemption from punish- 
ment. This motive is a source of deceit with boys and girls at school, 
persons committed to prison, &c. To these may be added the love of 
exciting the sympathy or gaining the attention of others, where no 
or need of gain exists. This motive acts in all classes of society, 
leads individuals of otherwise the highest moral character to 
imitate all forms of disease. It is observed most frequently in young 
and unmarried females, and is frequently carried to the extent of 
feigning diseases for which capital operations are required; and 
instances are not wanting where surgeons (not much however to their 
credit) have removed legs, breasts, and arms at the solicitation of such 


There is no natural limit to diseases which may be feigned; but 
some being much more easily imitated than others, and less easily 
detected, are most frequently assumed. Feigned diseases may be 

_ divided into, 1, those which are obvious to the senses; 2, those 
. upon the description of the impostor, and 3, those of a com- 
] nature, presenting symptoms of both kinds. Amongst diseases 
obvious to the senses are an increased or diminished size of parts, 

_ wounds, malformations, ulcers, discharges, spasmodic and paralytic 


afi A favourite mode of increasing the size of parts, and pro- 
_ ducing tumours, is by injecting air beneath the cellular membrane. 
_ In this way such diseases as dropsy, local and general, hernia, hydrocele, 
varicose veins, elephantiasis, edema of the extremities, may be simu- 
Pressure also, by means of ligatures, &c. on the veins, will pro- 
_ duce*swellings of parts of the body, Swellings also of the joints, so as 
to resemble white swellings, are produced by the application of various 
acrid plants, as the ranunculus acris and sceleratus to the part. Polypi, 
hyd. maliguant tumours, and hemorrhoids, are imitated by affix- 
_ ing in some manner the intestines and other viscera of animals to the 
So Pas the body in which these diseases occur. Cancer has been 
imitated by a cow's . age and by a sponge moistened with milk fixed 

j pe chp it, various malformations of the body are feigned 
by obstix long-continued flexion of the part, aided by inaction and 
the use of tight bandages. Sometimes these contractions are accom- 
panied bya wound, in order to prove that they have been effected by 
Many means have been proposed for detecting this class of 
such as compressing with a tourniquet the nerves that 
ly the contracted muscles; applying a wet bandage tightly round 
i ib, so that when it becomes dry it may overcome the contraction ; 
moving the contracted limb during natural sleep or that produced by 
_ narcotics ; or making extension whilst the person is under the influence 
_ of an emetic, or when his attention is directed to other objects ; recom- 
t the coast of Africa, or some other disagreeable thing, as a 

_ cure, Wounds and sores are produced in a variety of ways. Wounds, 
when self-inflicted, will always be in positions hare persons can get 

_ at the spot where they exist, with their own hands. Accomplices are 
_ however sometimes engaged even in this. Ulcers are among the most 
- common of feigned diseases. They are produced by red-hot iron, by 
_ caustics, a8 corrosive acids and alkalies, and the juices of various plants, 
_ as of the ranunculus acris and sceleratus, the spurge-laurel, the euphor- 
bium, arum maculatum, and juniper, Where persons are suspected of 
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keeping up ulcers in their legs by irritants, the placing their legs in a 
box and locking them up will allow the ulcers to heal. The various 
forms of cutaneous disease are produced by the application of irritants 
to the skin, as pounded garlic, euphorbium, cantharides, gunpowder, 
nitric acid, bay salt, &. The discoloration of jaundice is imitated by 
various dyes, as well as the appearance of bruises. Ophthalmia is a 
disease often feigned, and is commonly produced by the application of 
irritants, as snuff, pepper, tobacco, blue vitriol, salt, alum, &e. The 
progress of the inflammation in these cases is usually more rapid than 
in the idiopathic form. It is mostly also confined to one eye, for 
obvious reasons ; and when occurring in the army it may be suspected, 
if epidemic, when it only comes on in privates and non-commissioned 
officers. Diseased discharges are often simulated. Vomiting is 
effected by pressing on the pit of the stomach, by swallowing air, by 
strong and sudden action of the abdominal muscles, by tickling the 
fauces, and the use of emetics. Diarrhoea and dysentery are produced 
by taking drastic purgatives. Fragments of brick, slate, small pebbles, 
pieces of quartz, and flint, have been introduced into the urethra, to 
bear out the alleged existence of urinary calculus. Hematuria has 
been simulated by tinging the urine with various colouring matters, 
and the disease has really been brought on by the taking of savin, can- 
tharides, and turpentine. Spitting of blood is a favourite assumed 
disease. It is simulated by placing a sponge in the mouth filled with 
bullock’s blood, by cutting the mouth and gums, and by sucking 
blood from other parts of the body. A vomiting of urine and feces 
haye taken place by the stealthy introduction of the contents of the 
bladder and rectum into the stomach. 

The spasmodic diseases to which the system is subject have been 
imitated with great success, and none more so than epilepsy. It has 
for its peculiar recommendation, that the person who is subject to it 
may be well at intervals and assume the attacks when it best suits 
him. The best criterion of imposition is the want of the total insen- 
sibility which characterises the true fits. In the feigned disease the 
application of stimulants will seldom fail to elicit indications of sensi- 
bility. Hartshorn or burning sulphur may be introduced under the 
nose: alcohol and turpentine may be dropped into the eye, and 
mustard or common salt placed in the mouth. Pricking the skin with 

pointed instruments has also been recommended. This however 
is frequently resisted. Dr. Guy recommends “ flecking” the feet with 
a wet towel. He says he has by this means aroused a patient from a 
mesmeric slumber when all other mechanical stimulants and cold 
affusions had failed. Convulsions are often imitated; but where they 
are fictitious they cannot be sustained for any length of time without 
great exhaustion. Chorea is also often imitated. Electricity and cold 
affusions are the best remedies for this disease, and are likely to be 
effectual in the case of impostors, Hysteria, catalepsy, tetanus, hydro- 
phobia, some forms of tonic spasm, stammering, strabismus, and 
difficulty of swallowing, are other diseases of the nervous system 
which are often imitated. Pardlytic affections are also frequently 
simulated. The treatment resorted to for the cure of these diseases, 
when natural, would be found a trying ordeal for most impostors. 
Cases however are related in which impostors have resisted the most 
active treatment; and a case of simulated lethargy is on record, in 
which an individual resisted with only a single groan the operation of 
trephining. 

Another class of feigned diseases are those which depend chiefly 
upon the description given by the impostor. These are all embraced 
in increased and diminished sensations. Increased pain of one or many 
organs is commonly feigned. It is easily assumed but not easily 
detected, as many pains, such as that of tic douloureux, come on in an 
apparently healthy state of the system; and many pains of a severe 
character are dependent on exceedingly obscure causes. There are no 
rules which can be laid down for the detection of simulated pain; and 
it is only those who have extensively observed the effects of real pain 
on the system, that can readily distinguish that which is pretended. 
Of diminished sensations, blindness, and deafness are those most fre- 
quently feigned. Amaurosis may be really produced for a time by the 
application of belladonna, henbane, spurge laurel, and tobacco; but 
under these circumstances it disappears when the impostor is carefully 
watched. Deafness is often assumed, but it may be detected by un- 
expectedly or sharply calling out the name of the individual, by calling 
him by name when asleep, or letting a piece of money fall close to him. 
Dumbness has been, successfully feigned, and cases are recorded which 
resisted every attempt at discovery. It may be frequently detected 
by giving the person a sudden and unexpected knock, or a prick with 
a pin. 

Rotate general diseases are assumed, embracing a collection of 
symptoms, Of these, the most frequently assumed are fever, ague, 
rheumatism, phthisis, asthma, dyspepsia, jaundice, inflammations of the 
bowels, stomach, and kidneys. These feigned diseases are only to be 
detected by a knowledge of the real diseases, when a correct diagnosis 
is not often difficult. Of diseases involving complicated symptoms, 
that of unsoundness of mind is most frequently and most successfully 
feigned. The success however does not depend so much on the ease 
with which the symptoms of true insanity are imitated, as upon the 
ignorance that prevails of the distinguishing characters of real insanity. 
When these are once known an impostor may be easily detected. The . 
most frequent form of assumed madness is general mania, In addition 
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to the characters of the true disease, special tests have been proposed, 
such as the use of the whirling chair, and “ repeating to the suspected 
m a series of ideas recently uttered, when the real maniac will 
Euoten new ideas; the impostor, on the contrary, will deem it 
ent to repeat the same words.” (Guy.) 
following general rules for detecting feigned diseases have been 
given by Zacchias — 

1, The first is, that the physician must in all suspected cases inquire 
of the relatives and friends of the suspected individual what are his 
physical and moral habits. He must ascertain the state of his affairs, 
and inquire what may possibly be the motive for feigning disease, par- 
ticw! whether he is not in immediate danger of some punishment 
frorn which this sickness may excuse him, 

2. Compare the disease under examination with the causes capable 
of producing it—such as the age, temperament, and mode of life of 
the patient. Thus artifice might be su if a person in high 
health and correct in his diet should suddenly fall into dropsy or 
cachexin; and again if insanity should suddenly supervene without 
any of its premonitory symptoms, It is contrary to experience to find 
such occur without some previous indications. 

3. The third rule is derived from the aversion of persons feigning 

-disease to take proper remedies, This indeed will occur in real sick- 
ness, but it rarely happens when severe pain is present. Anything that 
promises relief is generally acceptable in such cases; those on the con- 
trary who feign delay the use of means. 
' 4, Particular attention should be paid to the symptoms present, and 
whether they necessarily belong to the disease. An expert physician 
may thus cause a patient to fall into contradiction, and lead him to a 
statement which is incompatible with the nature of the complaint. To 
effect this it is n to visit him frequently and unexpectedly. 

5. The last direction is to follow the course of the complaint and 
attend to the circumst which ively occur, 

(Beck, Medical Jurtaprudence ; Thomndi, A. ., Lecturve oh Medical 

i we ; Guy, W. A., Principles of Forensie Medicine.) 

FELLOWSHIP, in books of arithmetic, the rule by which profit or 
loss is divided among those who are to bear it, in proportion to their 
investments or interests in the transaction. It is usual to divide this 
rule into two parts, of which the first supposes all the investments to 
have been made for the same time, and the second swpposes the part- 
ners to have employed their money during different times. One simple 
case of each will be sufficient. 

Question 1. A, B, and C embarked 10/., 97, and 87. in a venture 
which yielded 30/. of profit. How much belongs to each ? 

If 104948, or 27 adventurers embarked 1/. each, it-is clear that 
each of them should have the 27th part of 30. Let 10 of them assign 
their shares to A, 9 to B, and 8 to C, and we have the case in question. 
— is, A should have 10-27ths, B 9-27ths, and C 8-27ths of the whole 
profit. . 

Question 2, A profit of 307. was realised by A embarking 10/. for 
two months, B embarking 9/. for three months, and C embarking 8/. 
for four months, How much ought each to gain? 

Here the 1/, of A and the 1. of B are differently cireumstanced : the 
second was employed half as long again as the first, and consequently 
should gain half as much again. Now let one pound sterling employed 
during one month be called a share; then A invested 20 shares, B 27 
shares,and C 32 shares. Hence, as before, 20+27+82 being 79, A 
should have 20-79ths, B should have 27-79ths, and © 32-79ths of the 


The first isa rule of very frequent occurrence; but the second is 
rare, for it seldom happens that money is withdrawn from an under- 
taking, except upon some specific agreement. But the modern practice 
of dividing an enterprise into shares of equal amount, and never sub- 
dividing a share, reduces all questions of fellowship to simple division. 
But, as often happens, a name has got into the wrong place. The 
result which division gives to A, instead of being called his quotient, is 
called his dividend. 

» FELLOWSHIP (in a college) is an establishment in the college 
entitling the holder to a share in its revenues, The fellows are a part 
of the corporation. (Coriece.] Fellowships are either original, that 
is, part of the foundation or scheme of the original founder; or in- 
grafted, that is, endowed by subsequent benefactors of a college already 
established. Where the number of fellows is-limited by the original 
foundation, new fellows cannot be made members of the corporate 
body without a new incorporation. If the number is not limited by 
the charter, it seems that the corporation may admit new fellows ‘as 
members, who will be subject to the statutes of the original founda- 
tion in all respects, Graduates of each several college are in general 
only eligible to fill a vacant fellowship in the establishment to which 
they belong after having been elected to scholarships on the founda- 
tion, awarded at examinations held by the master and fellows in being. 
But in some cases special rules which control the election prevail, as 
where the fellow must be of the blood of the founder, or where he 
must be a native of a particular county, &c., and in some few cases 
fellowships are open to the graduates of several colleges, or even the 
whole university. In Downing College graduates of both universities 
are eligible. ese rules are prescribed by the founder, modified in 
some cases by the bye-laws of the several colleges, Some few fellow- 
ships may be held by laymen, but in general they can be retained only 


+ 
by persons already in holy orders, or who are ordained within a speci- 
fied time. Fellowships are of unequal value, varying from 301, and 
less to 2500, a year and , the senior fellowships in those 
where there is any such distinction between the fellows 
most lucrative ; but all confer 


is charged as rent, and certain money privi as to commons or 
meals, They are in general tenable Ia lie woltes She Uecker enorriog 
or inherits estates which afford a larger revenue wot ala cebe the 
livings belonging to the college which cannot be held wi a fello ; 
but in the new statutes now under discussion, the commissioners 
the University of Cambridge propose to limit the tenure in some of the 
colleges (at the same time removing the restriction against ). 
These liyings are conferred upon the fellows, who in general have 
option of taking them in order of seniority, though in some colleges — 
the holders of particular offices have priority of choice, as for instance 
in Trinity College, Cambridge, where the vice-master has such right 
by a bye-law of the college. 

The whole subject of fellowships in the different att ro of the 
University of Cambridge is at the present time, January, 186 
transition state; the commissioners above-mentioned bein 
in the duty of revising and altering the old statutes, in w' i 
very im it changes both as to the tenure of, and mode of election 
to, fellowships, and the position of the fellows ves, are con- 
templated. 

- FELO-DE-SE (a felon of himself) is a person who, being of sound — 
mind and of the age of discretion, deliberately causes his own death; 
and also, in some cases, where one maliciously attempts to kill another, 

willingly kills himself, he 


his personal estate, though not as to his estate, nor is 
barred of her dower. Formerly he was buried in the highway wan : 
stake driven through his body. These laws, so highly He se ore? 
feelings of humanity, being a punishment to the surviving relatives of 

the deceased, in addition to the general impression that no man in his _ 


ne 


sound sense ever does commit suicide, caused juries in to find 
that the deceased was not of sound mind; and by the Act 4 Geo. IV. 
¢. 52, the legi has so far yielded to the popular 


lish the former ignomini one Sie 
better opinion, as to abolish the former inious jal, 
and to provide that a felo-de-se shall be privately interred at fever ¥ 
the burial-ground in which his remains might by law have been interred _ 
if the verdict of felo-de-se had not been oe “4 iy | 
FELONY, in the general acceptation o i Ww, comprises — 
every species of crime which occasioned at common law the forfeiture 
of lands or goods, or both, and to which a capital or other punishment 
might be superadded, according to the degree of guilt. Various deriva- 


tions of the word have been s Sir Henry Spelman su that 
it may have come from the Teutonic or German “ fee” (fief or feud) 
and “lon” (price or value), or from the Saxon “ feelen” (to fall or 


offend). Capital punishment by no means enters into the true 

and definition of felony ; but the common notion of felony has been so 
generally connected with that of capital punishment, that law-writers 
have found it difficult to separate them : indeed, this notion acquired 
such force, that if a statute made any new offence felony, the law 
implied that it should be punished with death. The number of 
offences, however, to which this punishment is affixed by the law of 
England is now very small ; and several statutes were passed por Ps ; 
the present reign (1 Vict.) founded upon the principle that the om 
ment of death should only be inflicted for crimes accompanied with 
violence. Thus c. 84 substituted the punishment of transportation for 
that of death in those cases where the latter might still be inflicted for — 
forgery; c. 85 materially lessened the severity of the punishment of 
offences against the person ; c. 86 enacted that burglary pre moe 
with violence shall no longer be punished capitally, and ae that, 
so far as the offence of burglary is concerned, the night should be con- 
sidered to commence at nine in the evening and to conclude at six in 
the morning; ¢. 87 mitigated the punishment attending the crimes of 
robbery and very Seater the person ; c. 88 rendered piracy punishable 
with death only when murder was attem ; ¢. 89 regulated the 
punishment for the crime of arson; ¢. 90 mitigated the punishm 
transportation for life in certain cases; and c, 91 abolished the p 
ment of death in the cases there specified. The pets le of a 
ration was carried still further four years ee the 4 & 5 Vie 
c. 56, abolishing capital punishment for embezzlement by servants of 
the Bank of England, offences under the Stamp Act, riotous demolition 
of churches, houses, &c., and also for rape. Great mumibers of offences 
were formerly liable to this severe punishment; and it must seem 
strange to persons who do not observe the extreme difficulty with 
which old-established customs and preinmaer however ill founded, are 
subverted, that this system shoul 1 
withstood the most convincin, ang u 

evidence. It is impossible, withi © limits of this article, to enume- 
for aa the wood Zolong’ as Tong Boo aod to signity the degree xis 
80, as the word felony ong legree of crime 
rather than the penal consequences, It may be sufficient, therefore, 


i 


45 FELT; FELTING. 


FENCES. 46 


to state generally, that murder, manslaughter, felo-de-se, robbery, arson, 
rglary, some offences against the coin, &c., are considered and c 
: pegs and (the distinction between grand and petit larceny no 
Dane every larceny is a felony. 
Be the special punishment affixed to his crime by the law, a 
felon upon conviction forfeited the rents and profits of his lands of 
_ inheritance during his life to the king (which are now usually com- 
pounded for), and also all his goods and chattels absolutely ; and as 
attainder of felony caused corruption of blood, his lands, except of 
gavelkind tenure, escheated to the lord of the fee, This last conse- 
‘quence, however, was taken away by stat, 54 Geo. III. c. 145, which 
enacted that, for treason or murder, corruption of blood should 
not follow attainder; and as difficulties might sometimes occur in 
racing descent through an ancestor who had been attainted, it was, by 


the 3 & 4 Will. IV. c. 108, § 10, enacted that descent may be traced 
hi any who shall have been attainted before such descent 
shall have taken place. [Escneat; Forrerrure.] 


In connection with this subject, it may be interesting to refer to the 
taken between felony with and without benefit of 
7, a8 ined in the article Benzrit oF CLERGY. 

ELT ; 4 vated Under hie Home pair ep be found a 
description t peculiar process whereby woollen and fur fibres are 
felted into a material suitable for hats; but woollen fibres are also 

sometimes combined by the felting instead of the weaving process for 
car and various kinds of cloth. Among other manufacturing firms 
for the , there is the ‘ Patent Felted Woollen cloth Company ;’ 

whom is made felt embossed and printed felt table-covers, 
emg cloth for plate and other purposes, felt for veterinary 

; felt waistcoatings, felt coach-cloths and railway-carriage- 
Bates tcboletarers’ felt, and felt for pianofortes. 

A material called Asphalted Roofing Felt has come rather extensively 
into use. The two principal kinds are Croggon’s and MeNeill’s. 
The ies of this material are imperviousness to rain and snow, 
non-conductibility of heat, elasticity, lightness, durability, eeonomy, 
and easy application. The felt is used for roofing buildings; for 
lining aaries and stores; for protecting ceilings from damp; for 
lining the insides or outsides of wooden buildings; for covering con- 
servatories and garden-frames ; for thatching corn and hay ricks; and 
for many other purposes. This felt is sold in large sheets at the rate 
of about a per square foot. Another kind, called Inodorous 
Felt, is saturated with waterproof material free from the smell of the 
ordinary felt, and is used to prevent wall-paper from being injured by 
damp. There is also a patent Felted Sheathing, for covering ships’ 


4 Avatar, it is a felted mixture of hair and vegetable fibre, not 
inten UP rsa th 9 ing, but to be used as a layer 
beneath it. Another variety, the Non-conducting Felt, is used as a 
\ geeny iter boilers and steam-pipes, on account of its power of con- 
fining heat within the vessel enclosed by it; it is used for fixed, 
locomotive, and marine steam-engines, and in breweries and distilleries : 
it is said ee tective of water pipes from frost. An 
Asphalted Felt is ein a pieces, 32 inches wide by about 30 
y long, and is sold in any smaller or larger quantities. The 
material of which it is formed is saturated with asphalte or 
: Some of the sheds and other buildings at Devonport and 
q Voolwich Dock Yards, the Isle of Portland, and elsewhere, have been 
ered with this material ; but its inflammability is a disadvantage. 
‘or all the above and for other kinds of uses, new felted materials 
been patented within the last few years. Williams's patent 
cog or fur or both into cloth, taken out in 1840, 
c for a further period in 1854, on the ground that 
rOCess, sough involving a heayy expenditure, had not yet 
d much Parker's felt, patented in 1851, is made in a 
way. fibres of wool, fur, or hair, are first made into a 
soft sheet by the action of carding and doffing engines ; this 
wound on a roller and conveyed to the felting machine. There 
strata or beds of bars of wood, laid crosswise on straps or belts ; 
ls are horizontal, and a little distance apart; the batt of fibres 
ht between them; and all the bars of the upper bed, having 
ocating vertical movement, felt the fibres while travelling 
: ‘The roller and the two beds dip in water, to facilitate the 
/ sent reference to the felt for retaining the heat of steam- 
Gane state that a new mode of procedure was introduced by 
nett in 1858. The felt is here composed entirely of waste 
woollen refuse from praail, converted to coarse pulp in the 
igines ; it is put upon the steam boiler in a wet or 
, and is felted or matted together by being beaten with 
t wood. When dry, it becomes one solid piece. As a 
f its excellent qualities as a non-conductor of heat, it is asserted 
na boiler working at 50 or 60 tons pressure, candles may be laid 
é felt for weeks together, without melting. The felt may at 
time be taken off and by steeping in hot water till 
ed. So far as concerns the manufacture of felted cloth for 
, America appears to have made a ter advance than 
Mr. Whitworth, the eminent hinist, in ing on the 
splayed at the Great Exhibition in New York in 1858, had 
7 the Bay State Mills at Lawrence, nine miles from 
; and twenty-six from Boston. This is one of the woollen 
ills in the , employing more than 2000 hands, He said ;— 


“The whole waste from the mills is worked upfin the manufacture of 


lassed | felted cloth. The felt-making machine employs but a small space. . 


A sliver of wool is taken from the carding machine and passed between 
two endless cloths ; these carry it over a narrow steam-box, where it 
is steamed. It is then passed under a vibrating pressing-plate, which 
operation causes the fibres to curl and interlace with other, and 
so forma cloth.” The cloth thus made is of fair quality in fineness 
and elasticity. A new and useful fabric made in that establishment is 
felted lining-cloth, composed of a small quantity of wool felted upon 
gauze; the gauze forms a back to the felt ; and the substance obtained 
by this means is much thicker than the small quantity of material 
employed would seem to denote, The gauze surface is hidden when 
the lining is applied to a garment, and the felt is quite strong enough 
for the purpose in view. Some of the carpet and cloth felt made at 
these mills is printed by block-work ; and in a few instances cloth for 
coatings is printed of two different colours on the two surfaces, 

FEME-SOLE. [Wire.] 

FEMININE. [Genper.] 

FENCES are necessary wherever cattle are depastured and proper- 
ties divided ; and according as they are intended to prevent men or 
cattle from trespassing over them, they are formed of various materials 
and dimensions. 

When a park is enclosed to keep in deer or game, the best fence is a 
stone or brick wall, well built with lime-mortar ; but as this is expensive 
where stone and lime are not at hand, the common park-paling is more 
frequently met with. This is composed of posts and rails of oak 
mortised and pinned together, and split pales of the same material 
nailed upon these in an upright position, The pales are split out of the 
trunks of oaks, where there are no branches or knots, when the sap is 
still in them. They are about half an inch thick, and with feather 
edges, that is, diminishing in thickness from one side to the other: 
their usual width is five inches. When they are nailed on the rails, 
which are usually of a triangular form, the thickest edge of one pale is 
nailed over the thinner edge of the preceding, forming thus a very 
close fence, Every alternate pale is placefl three or four inches 
higher than its neighbour, which gives the top of the fence a castellated 
form, This is not done merely for appearance; but it makes it more 
difficult to climb over, and the deer are not so apt to leap at it as if 
the top were a straight line, The distance between the posts is usually 
nine feet; and the three rails with the pales nailed on them is called a 
panel, and may be conveniently moved at once when any alteration in 
the fence is required. A whole fence may be moved at a small 
expense, merely by digging out the posts, and placing them elsewhere. 
The panels come in regularly, and are pinned into the old mortices in 
the posts, Sometimes the pales are nailed at a distance from each 
other, which makes the open-paled fence, and the pales are then gene- 
rally cut to a point at top. This fence is peculiar to Great Britain and 
Treland, and is very seldom found on the Continent. 

In the Jura and the Alps, where wood abounds, a rough fence is 
frequently made with strong split pieces of wood, which are fixed 
obliquely in the ground and supported at the upper end by two others 
placed in the form of a cross, It is not a very strong fence, but it is 
sufficient to prevent the cows from straying, for unless a bull with his 
horns makes a gap in it, they will not attempt to pass it. 

In wild mountain pastures in Scotland and Ireland, it is usual to 
separate the properties of different individuals or that of parishes by 
rough stone walls put together without any mortar. The materials are 
generally at hand, and a rough and efficient fence is made without 
much labour. 

Some of these walls are built with considerable skill and are very 
durable ; especially if the stone is of a nature to split with a flat 
surface, in which case a dry wall may be built which has all the 
appearance of one built with mortar. Sometimes a layer of mortar is 
laid on the stones at a little distance from the ground, and another near 
the top. The coping is usually made of flat stones, which are some- 
times placed on edge in a direction across the wall, and wedged 
together along the top of it or set in mortar, forming a very rough 
coping, which it is not easy to get over. =! 

Where stones are not at hand, or less trouble is taken, a high bank 
of earth faced with sods of grass is substituted for a wall. This is 
not so durable and is more easily surmounted, unless a hedge of some 
kind be planted along the top. Furze seed is often sown for this 
purpose, and soon forms an excellent fence, which by proper care and 
clipping will last a long time. But the most common kind of fence 
for fields is the hedge and ditch, the bank being raised with the earth 
and sods taken out of the ditch, and the hedge planted on the side of 
the bank towards the ditch or on the top. Sometimes there is a ditch 
on both sides. In flat wet lands this last is extremely useful, not only 
as a fence, but as a drain for the superfluous water. When the ditch 
is intended to carry off the water, and there is only one, it is of con- 
sequence that it should be so placed as to answer this purpose 
effectually ; it should therefore always be on that side of the bank 
where the ground rises, for otherwise the bank will impede the natural 
flow of the water, and it will be necessary to cut through it in different _ 
places to let the water running from above have an outlet into the 
ditch. In some extensive inclosures of land great inconvenience has 
arisen from the neglect of the surveyor in not attending to this cireum- 


stance, and setting out the bank on the upper side. Where they are 


é 
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not required as drains, it is a great waste of land to have any ditches, 
and a simple hedge planted on the surface of the soil is much to be 
erred. Of all fences, a live hedge, which is carefully planted, and 
ept properly cut and trimmed when it is grown up, is by far the 
rhe c aan ired within sight of a dwelling, and it 

When a fence is requ' within sight of a it is 
desirable for it to be eatesied, a deep ditch is sometimes dug, and a 
fence placed in tho bottom of it at such a depth as not to appear above 
the level of the ground. This is called a sunk fence, Sometimes a 
wall is built against a perpendicular side of a ditch, and some very 
light fence is placed obliquely outwards near the top of it and level 

ith the ground. When it is desired to keep off sheep or cattle from 
a lawn or pleasure-ground without obstructing the view of the or 
the fields, this “ha ha” fence is very useful. A variety of light of 
iron have been invented for the same purpose: some of these are fixed 
and others moveable; some have upright pieces of cast-iron as posts let 
into oak blocks sunk in the ground, and rods of wrought-iron passing 
through holes in the uprights; some have wire for the same purpose. 
But the most common iron fence is composed of separate wrought-iron 
hurdles which may be moved at pleasure, and are kept together by 
screwed pins and nuts. They are merely stuck into the ground, for 
which purpose they have the ends of the uprights sharpened and bent 
so as to form a foot. By having this bend alternately on the right and 
on the left, they form a antes bs basis when two hurdles are joined, 
the left foot of the one being strengthened by the right foot of the 
other, A very neat fence may be made at a small expense by using 
as posts pieces of young larch-trees four or five inches in diameter, with 
the bark on, and passing iron rods through holes bored in them at 
certain distances from each other. A fence of this kind five feet high, 
with five horizontal rods five-eighths of an inch in diameter, is an 

lent protection against cattle, and takes up no ground. 

The greatest objection to the ditch and bank fence is that it takes 
up 80 much room. If the ditch is three feet wide, the bank will be the 
same. There is a foot along the ditch, and another along the bank, 
where the plough cannot reach; there are therefore eight feet lost. If 
the fields are squares of ten acres each, which is a convenient size, each 
field will have 1320 feet of fence in length, taking up 10,560 square 
feet of land, which is nearly a quarter of an acre, If to this be added 
the outer fences against roads, woods, or commons, it will be found 
that nearly one acre in twenty-five is taken up by banks and ditches. 
It is therefore a great saving to have a simple hedge without any ditch, 
wherever the land is well drained or has a porous subsoil, 

It is usual in England to plant trees in the hedge-rows; and it is 
owing to this practice that England presents such a rich garden-like 
appearance, wherever there is a hill which enables one to see any extent 
of country. But trees are a great detriment to the farmer ; and where 
the land is highly manured, the trees draw off much of the rich juices. 
The prudent tenant considers this in the rent; and although the land- 
lord may now and then sell some timber, he pays dear for it in general 
by the annual deduction from his income on their account. Stone 
walls have a seer appearance to the eye, but they are excellent fences ; 
they take up little ground, they draw nothing out of the soil, they 
harbour no birds, and they are the best shelter against cold winds in 
spring. In an agricultural point of view, therefore, walls are to be 
preferred, unless the soil be favourable to the growth of the white- 
thorn or the holly ; for clipped hedges are kept up at a much smaller 
expense than walls ; and where there is no ditch, hedges take up as 
little room. 

When hedges are preferred, whether with or without a bank and 
ditch, they must be protected until they are of a certain age; and for 
this purpose there are particular kinds of fences. When there is a 
bank and double ditch, and the hedge is planted on the top of the bank, 
which makes by far the most efficient fence, there are usually two 
fences, one on each side of the bank. These fences are made of 
rough posts and rails mortised into the posts. The posts are a foot or 
18 inches in the ground, and 2 feet 6 inches out. They are placed 
in the side of the bank, inclined somewhat outwards, about 4 feet 
6 inches asunder. The two rails are let into mortices in the alternate 
posts, and nailed to the middle post, which is rather slighter. Thus a 
very formidable fence is made, which those who follow the diversion of 
hunting, and are not very well mounted, dread to encounter. If there 
is only a single ditch, it is usual to plant the hedge in the side of the 
bank a little above the level of the ground. To protect the yo 
thorns from being cropped by the cattle, it is usual to make a di 
hedge of stakes with bushes and brambles interwoven on the top of the 
bank ; and if there is pasture land on the side where the ditch is, a 
post and rail fence is put up along the edge of the ditch till the hedge 
is grown sufficiently not to be injured by the cattle. When branches 
of thorns and bushes only are used without stakes, it is called a foot 
hedge ; when the branches are interwoven, and the top of the hedge is 
finished with rods wattled in, it is called a stake and edder ar i 

Wherever neatness and durability are consulted, the stake and edder 
hedge is always preferred. 

Besides these common fences, there are various others of a light or 
temporary nature, which are chiefly used in gardens and pleasure- 
grounds, and also when sheep only are to be kept out, or when a new 
quick hedge along an orchard or garden has been planted. A cheap 
and neat fence of this kind is made with stakes only planted in the 


FEOF 


NT (in law) is that mode of conveyance of lands or 
hereditaments in 


possession where the land passes by force of 
deed, that is, actual delivery of a portion of the land, asa twig or 
turf; or where the parties being on the land the feoffor 
it to the feoffee, &c.; or livery in law or within view, is, 
the parties being within sight of the land, the feoffor refers to 
gives it to the feoffee. Sa ee een 
real hereditaments in ion known to the common law. A 

rari Fe nena! ped 


very of possessi 
‘Ten,’ 386.) It prevailed amongst the Anglo-Saxons, bpd 5 v 
sion by the delivery of a twig or a turf, a mode still in the a 
mission of tenants of copyhold lands. The form of an ancient 
was singularly concise. is a copy of one in the Appendix to the 
2nd vol. of B! ne’s ‘ Commentaries,’ No. 1. ; 
Feoffments are now little used. The statute 8 & 9 Vict. c. 106, gave 
the last blow to a mode of conveyance already nearly obsolete. this 
Act corporeal hereditaments are made to lie in grant as well as in live 
Thus actual or symbolical livery of seisin is unnecessary. See . 
*Comm.’ vol. ii. p. 811, Mr. Kerr’s Ed, ae 
The essential part of this mode of conveyance is the delivery of 
possession, or, as it is technically called, livery of seisin. In former 
times land was frequently conveyed without any deed or wate e 
Subsequently it became the custom to have a written 
the charter or deed of feoffment [CaarTER], which 
declared the intention of the parties to the conveyance. But now, — 
since the Statute of Frauds (29 Car, IL, § 3), a written instrument is 
necessary. va 
Livery of seisin was at first performed io the ee ae 
holders of the neighbourhood, vassals of the lord; because any 
dispute relating to the freehold was decided before them as pares 


simple delivery, 
instrument 


Livery in deed may be made by the feoffor or his attorney to the 
feoffee or his attorney. When lands lie in several counties, as many 
liveries are necessary; and where lands are out on lease, there must be 
as many liveries as there are tenants, for no livery can be made but by 
the consent of the tenant in possession, and the consent of one will not 
bind the rest. But livery in law or within view can be given and 
taken by sp penis themselves, though lands in se counties may 
pass if they all be within view. Livery of this nature requires to be 
perfected by subsequent entry in the lifetime of the feoffor. Formerly, 
if the feoffee durst not enter for fear of his life or i hi 
claim, made yearly in the form prescribed by law, and continual 
claim, would preserve his right. The seualiy of eat consequent, 
upon the progress of civilisation having rend is exception un- 
n , it was abolished by the Statute of Limitations, 3 & 4 
Will. IV., c, 27, § 11, 

Since the Statute of Uses [Barcarn; Satz; Uses] introduced a 
more convenient mode of conve: , feoffments have been rarely used 
in practice, and then rather for their supposed peculiar effects, as 
wrongful conveyances [ConvEYANcES], than as simple means of trans- 


the object to be attained was the destruction of contingent 


term of years might by making a feoffment to a stranger pass 
him, aad then by levying a fine acquire a title by jc etorg t 

an ough he 
accordant to the pene of the old law, yet being alike repugnant to 
the principles of justice and of common sense, it has been overruled, 
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In the of the discussion which ended in overturning the 
doctrine, at against its justice and expediency were used, rather 
Soe ie bended upon the principles of law, and the bench even 
resorted to ridicule. Mr. Baron Graham in one case observed, “ Yet is 
to be called by the 


and thus most of the above learning has become mere antiquarianism. 
ee re of lands of gavelkind tenure [GAVELKIND] may conv vey 
‘ etc ee 9 Se eae of 16s and therefore in such cases, whi 
ly rare, a feoffment is. still resorted to. Tt was also till 
Seiten! for the sake of Spee ee Se, pabene, i 
was necessary where 


“the conv: was by lease and release. 
_ FE NT. Amongst organic compounds there exist a number of 
su some of animal others of vegetable origin, containing 


bstances, 
(py and in which the different constituents are held together by 
so feeble, as to render them liable to spontaneous changes 
“ogee exposed to favourable conditions, such as air, moisture, and 
warmth. Albumen, fibrin, casein, and gluten, for instance, are bodies 
of this class, which, when removed from vital influence, are exceed- 
_ ingly prone to enter into slow chemical decomposition, the final 
.D of which are usually carbonic acid, water, and ammonia. 
substances during their passage these chemical changes 
» termed ferments, and are capable of inducing, by mere contact with 
_—s of more stable character, certain hemical changes, This 
ion of inducing chemical. change by contact with a ferment is 
y niger sora and is as baigg Sah employed both in chemistry 
rmations. It is 
i peodcnd tech from sugar by the ferment yeast; the 
gontagtis oaks mdatird Owen tte origin is generated by a similar 
reaction ; and recently Berthellot has succeeded in transforming glycerin 
into easy oe mere contact with a small fragment of animal 
mein! 


lactic acid, and then, by further contact, converts this 
butyric acid, carbonic acid, and hydrogen. The latter 
ion is sometimes termed the butyric fermentation. 
must be remarked that all these fermentive processes require the 
water and moderate warmth. They are frequently, but 
invariably, attended with the evolution of gases. In many fer- 
: , the ferment itself suffers very little change, although | si 
quantities of the fermentescible substance may have undergone 
rmation. The ferment does not, therefore, combine with any 
‘ the products of transformation ; it appears only to communicate, by 
ee ae fermentescible substance, an impulse to the molecules 
which determines their splitting up into two or more 


Paleestoed man be induced in. us to the above, 
y ne bodies of living 


flesh, 


nent the conditions necessary for the pro- 
i oe ectious diseases, such as typhus, cholera, 
“FERMENTATION, [Fermenr.] 


Troy.] 
IDCY ANIC ‘ACID. ( CuN,Fe,), Hydvoferrdeyante oer 
'e,), Hydro, anic acv 
ae to FERROCYANIC “ACID, obtained in by 


g ferrideyanide of, lead in water, and passing sulphuretted 


hrough the mixture. ee 
YANIC ACID (HF ferrocyanic Acid,  Dis- 
Porret, and by him chica f ‘erruretted ui acid. He 


rare from the decomposition 
action of tartaric acid, or from ferr 
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water, and passing hydrosulphuric acid gas through the mixture; the 
sulphur precipitates the copper or lead in the state of sulphuret, while 
the hydrogen, uniting with the cyanogen and iron, forms ferrocyanic 
acid. Any excess of sulphuric acid is to be got rid of by adding ferro- 
cyanide of the metal employed. The solution should be quickly 
filtered and evaporated in vacuo over sulphuric acid. A white residue 
is obtained which when dissolved in water is inodorous, sour, reddens 
litmus paper, decomposes the alkaline carbonates with effervescence, 
forms ferrocyanides with them, and exhibits other proofs of a strong 
acid. When exposed to spontaneous evaporation in a warm place, 
colourless radiating crystals are observed, which have the appearance of 
four-sided prisms. This acid is decomposed by long exposure to the 
air, Prussian blue being formed and precipitated; this is also produced 
by adding to it a persalt of iron. 

The aqueous solution is also decomposed by boiling; and when sub- 
mitted to destructive distillation it yields hydrocyanic acid, hydro- 
cyanate, and carbonate of ammonia, and carburet of iron remains. 
[Cyanocen. ] 

FERROCYANIDES. Salts of Ferrocyanro Actin. 

FERRY, an exclusive privilege for the carriage of horses and men 
across a river or arm of the sea for reasonable toll. The owner of a 
ferry cannot suppress it and put up a bridge in its stead without a 
licence ; but he is bound to keep it always in repair and readiness, with 
expert men, and reasonable toll, for neglect of which he is liable to be 
punished by indictment. And, therefore, if a ferry is erected so near 
to an ancient fi as to draw away its custom, it is a nuisance to the 
owner of the old one, for which the law will give him remedy by 
action, The ferry is in respect of the landing-place, and not of the 
water; and in every ferry the land on both sides ought originally to 
have been in the same rson, otherwise he could not have granted the 
ferry. As all existing ferries are of great antiquity, and generally con- 
nect roads abutting on either side of the water, the original unity of 
Eanes is now mere matter of curiosity. A ferry is asa for 

ores porpens urposes a common highway. 

CENNINE VERSES were rude licentious verses sung by young 
men at weddings, and before the door of the nuptial chamber. This 
was a very ancient custom at Rome: the practice, and some of the 
verses themselves, are said to have been introduced from Fescenninm, 
an old Etruscan town near the present site of Civita Castellana. Festus 
and others derive the name Fescennine from fascinwm, a charm or evil 
influence, which was supposed to have the power of depriving persons 
of their physical strength, and which the Fescennine verses were 
intended to avert. Valetta, a Neapolitan lawyer and poet of the 18th 
century, has written a curious book on the “ Fascino,’ or evil eye, the 
belief of which is still prevalent at Naples. The Fescennine verses 
were distinct from the epithalamia, which were more refined and 
regular compositions. [EprrHatamium.] Horace (Epist. ii. 1) says 
that Fescennine verses were sung by the country-people at harvest- 
time; and the custom of dealing out licentious jokes upon each other 
and, upon strangers passing by is still retained by the vintagers in 
various parts of Italy. The name of Fescennine was given in general 
to licentious and satirical epigrams. Octavianus is said to have 
written some of this character against Pollio, in the time of the 
Triumvirate. 

FEUD. [Fervpat System.] 

FEUDAL SYSTEM. In treating of this subject, we shall endea- 
vour to present a concise and clear view of the principles of what is 
called the feudal system, to indicate the great stages of its history, 

ly in our own country, and to state briefly the leading con- 

iderations to be taken into account in forming an estimate of its 
fence on the civilisation of modern cat 2 

The essential constituent and distinguishing characteristic of the 
species of estate called a feud or fief was from the first, and always 
continued to be, that it was not an estate of absolute and independent 
ownership. The ultimate property, or dominiwm directum, as it was 
called, remained in the grantor of the estate. The person to whom it 
was granted did not become its owner, but only its tenant or holder: 
he possessed the dominium utile only. There is no direct proof that 
fiefs were originally resumable at pleasure; but the position is laid 
down in almost every writer on the feudal system, and, if not to be 
made out by any decisive instances, it is at least strongly supported 
not only by general considerations of probability, but also by some 
indicative facts. The fief was certainly at one time revocable, at least 
on the death of the grantee. In receiving it, therefore, the grantee 
had received not an absolute gift, but way a loan, or ab most an estate 
for his own life. 

This being established as the true character of a primitive feud or 
fief, may perhaps throw some light upon the much disputed etymology 
and true meaning of the word. Feudwm has been derived by some 
from a Latin, by others from a Teutonic root. The principal Latin 
origins proposed are fadus (a treaty) and fides (faith). The supposition 
of the transformation of either of these into feudum seems unsupported 
by any proof. These derivations, in fact, are hardly better than another 
resolution of the puzzle that has been ’ gravely offered. y—namely, that 
feudum is a word made up of the initial letters of the words “ fidelis 
ero ubique domino vero meo.” The chief Teutonic etymologies pro- 
posed have been from the old German faida, the Danish feide, or the 
modern German vehd, all meaning battle-feud or dissension ; Bi the 
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most acceptable is from fe or fee, which it is said signifies wages or pay 
for service, the word od or odh, to which the signification of possession 
or property is assigned, being combined with it. Sir Francis Palgrave 
(‘ Rise and Progress of Engl. Com.,’ pp. 204-207) doubts if the word 
Seudum ever existed, The true word seems to be ferdum, or feftum. 
Fiew or fief (latinised into fevodium, which some contracted into 
Sevdum, and others, by omitting the v, into feodum) he conceives to be 
Atef, or phitef, and that again to be a colloquial abbreviation of emphy- 
teusis, pronounced emphytefsis, a well-known term of the Roman law 
for an estate granted to be held not absolutely, but with the ownership 
still in the grantor and the usufruct only in the hands of the grantee. 
It is certain that emphyteusis was used in the middle ages as synony- 
mous with precaria; that precarie, and also prestite, or prastaria 
(literally loans), were the same with bengjicia ; and that beneficia under 
the emperors were the same or near the same as fiefs. The word feu, 
which in Scotland means an estate héld of a superior or lord, for which, 
a8 explained by Erskine (‘ Principles,’ b. ii., tit. 4), a rent, or feu- 
duty, as it is called, is always paid, has “a strong resemblance to the 
Roman emphyteusis, in the nature of the right, the yearly duty payable 
by the vassal, the penalty in the case of not punctual payment, and the 
restraint frequently laid upon vassals not to alien without the superior’® 
consent.” 

The origin of the system of feuds has been a fertile subject of specu- 
lation and dispute. If we merely seek for the existence of a kind of 
landed tenure resembling that of the fief in its essential principle, it is 
probable that such may be discovered in various ages and parts of the 
world. But feuds alone are not the feudal system; they are only one 
of the elements out of which that system grew. In its entireness, it is 
certain that the feudal system never subsisted anywhere before it 
afose in the middle ages in those parts of Europe in which the 
Germanic nations settled themselves after the subversion of the 
Roman empire. 

Supposing feud to be the same word with the Roman emphy- 
teusis, it does not follow that the Germanic nations borrowed the 
notion of this species of tenure from the Romans. It is perhaps more 
probable that it was the common form of tenure among them 
before their settlement in the Roman provinces. It is to be observed 
that the emphyteusis, the precaria, the beneficium, only subsisted 
under the Roman scheme of polity in particular instances, but they 
present themselves as the very genius of the Germanic scheme. What 
was Only occasional under the one became general under the other. 
Tn other words, if the Romans had feuds, it was their Germanic con- 
querors who first established a system of feuds; wpon their first 
settlement in the eonquered provinces. 

We know £0 little with certainty respecting the original institutions 
of the Germanic nations, that it is impossible to say how much the 
may have brought with them from their northern forests, or how muc 
they may have borrowed from the imperial polity, of the other chief 
element which enters into the system of feudalism, the connection 
subsisting between the grantor and the grantee of the fief, the person 
having the property and the person having the usufruct, or, as they 
were respectively designated, the suzerain or lord, and the tenant or 
vassal. Tenant may be considered as the name given to the latter in 
reference to the particular nature of his right over the land as the 
holder of it, in short; vassal, that denoting the particular nature of his 
personal connection with his lord. The former has been already 
explained; the consideration of the latter introduces a new view. By 
some writers the feudal vassals have been derived from the comites, or 
officers of the Roman imperial household [Count]; by others from the 
comites, or companions, mentioned by Tacitus (‘German.’ 13, &c.) as 
attending upon each of the German chiefs in war. The latter opinion 
is ingeniously maintained by Montesquieu (xxx. 3), One fact appears 
to be certain, and is of some importance, namely, that the original 
yassali or vassi were merely noblemen who attached themselves to the 
court and to attendance upon the prince, without necessarily holding 
any landed estate or beneficium by royal grant. In this sense the 
words occur in the early part of the 9th century. Vassal has been 
derived from the Celtic gwas, and from the German gesel/, which are 
probably the same word, and of both of which the original signifi- 
cation seems to be a helper, or subordinate associate, in labour of 


If the vassal was at first merely the associate of or attendant upon 
his lord, nothing could be more natural than that, when the latter 
came to have land to give away, he should most frequently bestow it 
upon his vassals, both as a reward for their past and a bond by which 
he might sccure their future services. If the peculiar form of tenure 
constituting the fief did not exist before, here was the very case which 
would suggest it. At all events, nothing could be more perfectly 
adapted to the circumstances. The vassal was entitled to a recom- 
pense; at the same time it was not the interest of the prince to sever 
their connexion, and to allow him to become independent ; probably 
that was as little the desire of the vassal himself; he was conveniently 


and opriately rewarded therefore by a fief, that is, by a loan of 
land, the profits of which were left to him as entirely as if he had 
obtained ownership of the land, but his precarious and revocable 


tenure of which, at the same time, kept him bound to his lord in the 
same dependence as before. 


Here then we have the union of the feud and vassalage—two things 


which remained inti: 
feudal existed. may have 
and mérely been thrown into com’ ‘on 
possible that there were vassals who were not feudatories, or feunda- 
tories who were not vassals. But when the adv: of the associa- 
tion of the two characters came to be perceived, it be established 
as essential to the completeness of each. Every vassal would 
fief, and every person to whom a fief was granted would be a 
and pe A ah orth tn of a fief come to signify one 
same thing. 

Fiefs are su to have been at first entirely precarious, that 
say, resumable at any time at the pleasure of the grantor. But if 
state of things ever existed, it probably did not last lo: Even 
the first it is most probable that many fiefs were pone | for a 
term of years or for life. And in those of all kinds a substitute 
original precariousness of the tenure was soon found, which 
equally secured the rights and interests of the lord, was much mo 
honourable and in every way more advantageous for the vassal. 
was the method of attaching him by certain oaths and solemn 
which, besides their force in a religious point of view, were so 
trived as to appeal also to men’s moral feelings, and which there 
was accounted not only impious but infamous to violate. The 
ecornr, fe vassal to his lord was made to wear all the appearance 
mutual interchange of benefits,—of bounty and protection on 
hand, of gratitude and service due on the other; and so strongly 
this view of the matter take possession of men’s minds, that in 
feudal ages even the ties of natural relationship were looked \ 
inferior obligation to the artificial bond of 

As soon as the position of the vassal had thus been made stable 
secure, various changes would gradually introduce themselves. 
vassal would begin to have his fixed rights a8 well as his lord, | 
oath which he had taken mi ing and ining both these rights 
and his duties. The relation between the two parties would 
be one wholly of power and dominion on the one hand, and 
obligation and dependence on the other. If the vassal performed tha 
which he had sworn, nothing more would be required of him. 4 
attempt of his lord to force him to do more would be considered 
injustice. Their connection would now assume the appearance ©} 
mutual compact, imposing corresponding obligations upon , and 
making protection as much a duty in the lord as gratitude and service 
in the vassal. =i 

Other importarit changes would follow this fundamental change, 
would take place while it was advancing to completion. After the fief 
had come to be generally held for life, the next step would be for the 
eldest son usually to succeed his father. His right so to succeed would 
next be established by usage. Ata later stage fiefs would become, if 
they did, descendible in the collateral as well as in the direct line. At 
a still later, they became inheritable by females as well as by males, 
There is much difference of opinion, however, as to the dates at whic 
these several changes took place. Some writers conceive that fiefs 
first became heredi' in France under rg rg. oh others, however, 
with whom Mr. agrees, maintain that were heredita 
fiefs under the first race of French kings. It is supposed not to have 
been till the time of the first Capets in the end of the 10th century 
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that the right of the son to succeed the father was established by law 


in France. Conrad IL, surnamed the Salic, who became emperor in 
1024, is generally believed to have first established the hereditary 
character of fiefs in Germany. 

Throughout the whole of this ive development of the system, 
however, the original nature of the fief was never The ulti- 
mate property was still held to be in the lord; and that fact was bet 
distinctly signified, not “, by the expressive language of forms an 
symbols, but by certain liabilities of the tenure that gave yom >) 
intimation of its true character. Even after fiefs became D 
to heirs in the most comprehensive sense, and by the most fixed rule, 
every new occupant of the estate had still to make solemn acknow! ; 
ment cf his Mog dh and thus to obtain, as it were, a renewal of 
grant from the lo He became bound to discharge all services and 
other dues as fully as the first grantee had been. Above all, in certain 
circumstances, as, for erg +43 if the tenant committed treason or 
felony, or if he left no heir, the estate would still return by forfeiture 
or escheat to the lord, as to its ee owner, il . 
sovereign princes; but after 
estates of this description, by acquiring the hereditary sally ame 
to be considered as property to all practical intents and 
holders proceeded, on the strength of this completeness of pos ion, 
themselves to assume the character and to exercise the ri of lords, 
by the practice of what was called subinfeudation, that is, the alien- 
ation of portions of their fiefs to other parties, who on ee 
placed in the same or a similar relation to them as that in w! they 
stood to the prince, The vassal of the prince became the lord over 
other vassals; in this latter capacity he was called a mesne (that is, 
intermediate) lord; he was a lord and a vassal at the same time, In 
the same manner the vassal of a mesne lord might become also the 
lord of other arrere vassals, as those vassals that held of a mesne lord 
were designated. This process sometimes produced curious results ; 
for a lord might in this way actually become the vassal of his own 
vassal, and a vassal lord over his own lord, . 
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bes whatever cause it may have happened (which is matter of dis 
pute), all the continental provinces of the Roman empire which were 
conquered and occupied by the Germanic nations, many lands were 
from the first held, not as fiefs, that is, with the ownership in one 
party and the usufruct in another, but as allodia, that is, in full and 
entire ownership. [Axtopium.] The holder of such an estate, having 
no lord, was of course free from all the exactions and burdens which 


_ empire of Charlemagne, that in fact most of the allodialists in course 
of time 


grant which had never existed. Changes of the same nature, though 
not perhaps so extensive or so distinctly to be traced, took place in 
Italy and Germany. Yet it would be inaccurate to assert that the 
ee en ee of 
allodial tenures always subsisted, and many estates in the 
were of the same description.” 
the conquest of England by the Normans, the dominium di- 


rectum, or of all the land in the kingdom, was considered as 
vested in crown. “All the lands and tenements in England in the 
hands of subjects,” says Coke, “are holden mediately or immediately 


This universality of its application therefore may be regarded 
first respect in which the system of feudalism established in England 
differed from that established in France and other continental countries, 
There were also various other differences. The Conqueror, for instance, 
introduced here the practice unknown on the continent of compelling 
the arrere vassals, as well as the immediate tenants of the crown, to 
fealty to himself. In other countries a vassal only 
swore fealty to his immediate lord ; in England, if he held of a mesne 
lord, he took two oaths, one to his lord and another to his lord’s lord. 
It may be observed, however, that in those times in which the feudal 
le was in its greatest vigour the fealty of a vassal to his imme- 

q ies on 'y considered as the higher obligation; when that 
to the crown came into collision, the former was the 

which he adhered. Some feudists indeed held that his allegi- 
ance to the crown was always to be understood as reserved in the 
fealty which a vassal swore to his lord; and the Emperor Frederick 
Barbarossa decreed that in every oath of fealty taken to an inferior 
lord there should be an express reservation of the vassal’s duty to the 
emperor. But the double oath exacted by the Norman conqueror did 
not go so far as this. It only gave him at the mosta concurrent power 
with the mesne lord over the vassals of the latter, who in France were 
nearly removed altogether from the control of the royal authority. A 
r t difference between the English and French feudalism 
in the greater extension given by the former to the rights of 
lords ly over their vassals by what were called ‘the incidents of 
eakty ant marriage. The grote’ Bn or guardianship of the tenant 
during minority, which implied both the custody of his person and the 
appropriation of the profits of the estate, appears to have been enjoyed 
_ by the lord in some parts of Germany, but no where else except in 

1 and Normandy. The right of marriage (maritagium) origin- 
; hn go only the power by the lord of tendering a 
hw to his female ward while under age: if she rejected the match, 

_ ghe forfeited the value of the marriage; that is, as much as any one 
would give to the lord for permission to marry her. But the right 
‘was afterwards extended so as to include male as well as female heirs ; 
and it also appears that although the practice might not be sanctioned 
by the law, some of the Ajeio Mataen kings were accustomed to exact 
from their female vassals of all ages, and even from widows, 
either marrying without their consent, or refusing such marriages 


to England and Normandy, and to some parts 


Tt has very usual to represent military service as the essential 
ofa feudal tenure. But the constituent and distinguishing 
element of that form of tenure was its being a tenancy merely, and not 
an ownership; the ae of land for certain services to be per- 
formed. In the state of society however in which the feudal system 
up, it was impossible that military service should not become the 
j duty to which the vassal was bound. It was in such a state of 
80 the most important service which he could render to his lord. 
‘It was the species of service which the persons to whom fiefs were first 
granted seem to have been previo accustomed to render, and the 
con of which accordingly the grant of the fief was chiefly 
intended to secure. Yet military service, or knight service, as it was 
called in this country, though the usual, was by no means the necessary 
or uniform condition on which fiefs were granted. Any other 
Spree condition might be imposed which distinctly recognised 

\, dominium directum of the lord, [Kx1ont-Ssrvice.] 


as they proposed. The seignorial prerogative of marriage, like that of | permi 
Le was peculiar 


Another common characteristic of fiefs, which in like manner arose 
incidentally out of ‘the circumstances of the times in which they 
originated, was that they usually consisted of land. Land wasin those 
times nearly the only species of wealth that existed ; certainly the only 
form of wealth that had any considerable security or permanency. 
Yet there are not wanting instances of other things, such as pensions 
and offices, being granted as fiefs. It was a great question nevertheless 
among the feudists whether a fief could consist of money, or of any 
thing else than land; and the most eminent authorities have main- 
tained that it could not. The preference thus shown for land by the 
spirit of the feudal customs has perhaps left deeper traces both upon 
the law, the political constitution, and the social habits and feelings of 
our own and other feudal countries than any other part of the system, 
We have thence derived not only the marked distinction by which our 
law still discriminates certain amounts of interest in lands and tene- 
ments under the name ofsreal property from property of every other 
kind, but also the ascendency retained by the former in nearly every 
respect in which such ascendency can be upheld either by institutions 
or by opinion. 

The grant of land as a fief, especially when it was a grant from the 
suzerain, or supreme lord, whether called king or duke, or any other 
name, was, sometimes at least, accompanied with an express grant of 
jurisdiction. Thus every great tenant exercised a jurisdiction civil and 
criminal over his immediate tenants; he held courts and administered 
the laws within his lordship like a sovereign prince. It appears 
that the same jurisdiction was often granted by the crown to the 
abbeys with their lands. The formation of Manors in this country 
appears to have been consequent upon the establishment of feudalism. 
The existence of manor-courts, and so many small jurisdictions within 
the kingdom, is one of the most permanent features of that polity 
which the Normans stamped upon this country. 

In the infancy of the feudal system it is probable that the vassal 
was considered bound to attend his lord in war for any length of time 
during which his services might be required. Afterwards, when the 
situation of the vassal became more independent, the amount of this 
kind of service was fixed either by law or by usage. In England the 
whole country was divided into about 60,000 knights’ fees; and the 
tenant of each of these appears to have been obliged to keep the 
field at his own expense for forty days on every occasion on which. his 
lord chose to call upon him, For smaller quantities of land propor- 
tionately shorter terms of service were due: at least such is the 
common statement; although it seems improbable that the individuals 
composing a feudal army could thus have the privilege of returning 
home some at one time, some at another. Women were obliged to 
send their substitutes; and sv were the clergy, certain persons holding 
public offices, and men past the age of sixty, all of whom were exempted 
from personal service. The rule or custom however both as to the 
duration of the service, and its extent in other respects, varied greatly 
in different ages and countries. 

The other duties of the vassal were rather expressive of the relation 
of honourable subordination in which he stood to his lord than 
services of any real or calculable value, They are thus summed up b 
Mr. Hallam :—* It was a breach of faith to aie the lord's odie, 
to conceal from him the machinations of others, to injure his person 
or fortune, or to violate the sanctity of his roof and the honour of his 
family. In battle he was bound to lend his horse to his lord when 
dismounted ; to adhere to his side while fighting, and to go into 
captivity as a hostage for him when taken. His attendance was due to 
the lord’s courts, sometimes to witness and sometimes to bear a part 
in the administration of justice.” 

There were however various other substantial advantages derived by 
the lord. We have already mentioned the rights of wardship and of 
marriage, which were nearly peculiar to the dominions of the English 
crown. Besides these, there were the payment, called a relief, made 
by every new entrant upon the possession of the fief, the escheat of the 
land to the lord when the tenant left no heir, and its forfeiture to him 
when the tenant was found guilty either of a breach of his oath of 
fealty, or of felony. There was besides a fine payable to the lord upon 
the alienation by the tenant of any part of the estate, if that was at all 

itted. Finally, there were the various aids, as they were called, 
payable by the tenant. ‘“ These,” observes Mr. Hallam, “ depended a 
great’ deal upon local custom, and were often extorted unreasonably, 
Du Cange mentions several as having existed in France; such as an 
aid for the lord’s expedition to the Holy Land, for marrying his sister 
or eldest son, and for paying a relief to his suzerain on taking 
possession of his land. Of these the last appears to have been the 
most usual in England. But this and other aids occasionally exacted 
by the lords were felt as a severe gicvents and by Magna Charta 
three only are retained—to make the lord’s eldest son a knight, to 
marry his eldest daughter, and to redeem his person from prison. 
They were restricted to nearly the same description by a law of 
William I. of Sicily, and by the customs of France. These feudal aids 
are deserving of our attention as the beginnings of taxation, of which 
for a long time they in a great measure answered the purpose, till the 
craving necessities and covetous policy of kings substituted for them 
more durable and onerous burthens.” 

The principal ceremonies used in conferring a fief were homage, 
fealty, and investiture, The two first of these cannot be more dis- 
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tinctly or more shortly described than in the words of Littleton : 
“ Homage is the most honourable service, and most humble service of 
reverence, that a frank tenant may do to his lord : for when the tenant 
shall make homage to his lord, he shall be ungirt and his head 
uncovered, and his lord shall sit and the tenant kneel before him 
on both his knees,and hold his hand jointly together between the 
hands of his lord, and shall say thus: I become your man, from this 
day forward, of life and limb, and of earthly worship, and unto you 
shall be true and faithful, and bear you faith for the tenements that I 
claim to hold of you, saving the faith that I owe to our Swan lord 
the king; and then the lord, so sitting, shall kiss him.” Religious 
pons and women instead of “I become your man,” said, “I do 

jomage unto you.” Here it is to be observed there was no oath 
taken ; the doing of fealty consisted wholly in taking an oath, without 
any obeisance. ‘“ When a freeholder (frank tenant),” says Littleton, 
“doth fealty to his lord, he shall hold his right hand upon a book, 
and shall say thus: Know ye this, my lord, that I shall be faithful 
and true unto you, and faith to you shall bear for the lands which I 
claim to hold of you, and that I shall lawfully do to you the customs 
and services which I ought to do at the terms assigned, so help me 


God and his saints; and he shall kiss the book. But-he shall not 


kneel when he maketh his fealty, nor shall make such (that is, any 
such, tiel,) humble reverence as is aforesaid in homage.” “ Investiture 
or the actual conveyance of feudal lands,” says Mr, Hallam, “was of 
two kinds; proper and improper. The first was an actual putting in 

ion upon the ground, either by the lord or his deputy; which 
is now called in our law livery of seisin. The second was symbolical, 
and consisted in the delivery of a turf, a stone, a wand, a branch, or 
whatever else might have been made usual by the caprice of local 
custom. Du Cange enumerates not less than 98 varieties of investi- 
tures.” The mode of conveying lands in England by feoffment is 
derived from the feudal investiture. [Frorrment.] The practice of 
giving infeftment in Scotland, is neither more nor less than symbolical 
investiture. 

The feudal system may be led as having nearly reached its 
maturity and full development at the time of the Norman conquest. 
It appears accordingly to have been established here ey or 
very soon after that event in as pure, strict, and comprehensive a form 
as it ever attained in any other country. The whole land of the 
kingdom, as we have already mentioned, was without any exception 
either in the hands of the crown, or held in fief by the vassals of the 
crown, or of them by sub-infeudation, Those lands which the king 
kept were called his demesne (the Terre Regis of the Domesday 
Survey), and thus the crown had a number of immediate tenants, like 
any other lord, in the various lands reserved in nearly every part of 
the kingdom. No where else, also, before the restrictions established 
by the charters, were the rights of the lord over the vassal stretched in 
practice nearer to their extreme theoretical limits. On the other hand, 
the vassal had arrived at what we may call his ultimate position in the 
natural progress of the system ; the hereditary quality of feuds was 
fully established ; his ancient absolute dependence and subjection had 
passed away; under whatever disadvantages his inferiority of station 
might place him, he met his lord on the common ground of their 
mutual rights and obligations; there might be considerable contention 
about what these rights and obligations on either side were, but it was 
admitted that on both sides they had the same character of real, 
legally binding obligations, and legally maintainable rights, 

This settlement of the system however was anything rather than an 
assurance of its stability and permanency. It was now held together 
by a principle altogether of ‘a different kind from that which had 
originally created and cemented it. That which had been in the 
beginning the very life of the relation between the lord and the vassal 
had now in great part perished. The feeling of gratitude could no 
more survive than the feeling of dependence on the part of the latter 
after feuds became hereditary. A species of superstition, indeed, and 
a sense of honour, which in some degree supplied the place of what 
was lost, were preserved by oaths and ceremonies, and the influence of 
habit and old opinion; but these were at the best only extraneous 
props; the self-sustaining strength of the edifice was gone. Thus it 
was the tendency of feudalism to decay and fall to pieces under the 
neceasary development of its own principle. 

Other causes called into action by the progress of events conspired 
to bring about the same result. The very military spirit which was 
fostered by the feudal institutions, and the wars, defensive and aggres- 
sive, which they were intended to supply the means of ing on, 
led in course of time to the release of the vassal from the chief and 
most distinguishing of his original obligations, and thereby, it may be 
said, to the rupture of the strongest bond that had attached him to 
his lord. The feudal military army was at length found so incon- 
venient a force that soon after the accession of Henry II. the personal 
service of vassals was dispensed with, and a pecuniary payment, under 
the name of escuage, accepted in its stead. From this time the vassal 
was no longer really the defender of his lord; he was no longer what 
he professed to be in his homage and his oath of fealty; and one effect 
of the change must have been still farther to wear down what remained 
of the old impressiveness of these solemnities, and to reduce them 
nearer to mere dead forms. The acquisition by the erown of an army 
of subservient mercenaries, in exchange for its former inefficient and 


withal turbulent and a army of vassals, was in fact. 
discovery of a substitute for the main purpose of the feudal ry 
Whatever nourished a new power in the commonwealth 
sustenance and strength from this ancient power, Such m 
especial degree have been the effect of the of towns, and 
new species of wealth, and, it may be the new manners 
modes of thinki by trade and commerce. ‘ 
The progress of sub-infeudation has sometimes been 

having upon the whole tended to weaken and 

feudali It “ demolished,” observes Blackstone (ii. 4), “ 
simplicity of feuds; and an inroad being made upon 
stitution, it subjected them in a of time to varieties and 
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principle, and to place the whole 
and this has been found to 
more correct to ascribe the demolition 
which we have now nearly arrived, to 
infeudation. The effect of this practice 
forfeitures and escheats and the other advantages of his seigniory, and 
various attempts therefore were made to check or altogether prevent 
it, in which the crown and the tenants in chief, interests 
most affected, seem to have joined. One of the clauses of the 
charter of Henry III. (the thirty-second) appears to be in 
restrict sub-infeudation (although the ing is not quite clear’ 

'y forbidden by the statute of Quia Hmptores (18 
is however was originally the only way in which the 
his estate without the consent 
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it is ex 
c. 1). 
of a fief could alienate any = 
his lord; and it therefore to provide some 
mode of effecting that object, for it seems to have felt tha 
alienation had been allowed so long to go on under the guise of § 
infeudation, to restrain it altogether would be no longer ib 
The consequence was, that, as a compensation for the prohibi 
sub-infeudation, the old prohibition against alienation was ba 
lands were allowed to be alienated, but the purchaser or grantee did 
not hold them of the vendor or grantor, but held them as the 
grantor did; and such is still the legal effect in England when a man 
with his entire interest in his lands. This change was effec’ 

y the statute of Quia Hmptores with regard to all persons except 
immediate tenants of the crown, who were i on 
paying a fine to the king by the statute 1 Edw, III. ¢.12. Thus at 
the same time that a practice strictly accordant to the spirit of feu- 
dalism, and eminently favourable to its conservation and | , 
was stopped, another practice, alto; er adverse to its fundamental 
principles, was introduced and 
alienation by persons during their lifetime. 

It was a consequence of feudal principles, that a man’s lands could 
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not be subjected to the claims of his creditors. This restraint upon 


what may be called involuntary alienation has been removed by the 
successive enactments which have had for their object to make a 
man’s lands liable for his debts: although, it is only after a lapse of 
nearly six hundred years since the statute of Acton Burnell, that the 
lands of a debtor have been subjected to the just demands of his 
creditors. This statute of Acton Burnell, passed 11 Ed. I, (1283), 
made the devisable burgages, or burgh tenements, of a debtor saleable 
in discharge of his debts. By the Statute of Merchants (13 Ed, L., 
st. 13), a debtor’s lands might be delivered to his merchant creditor 
till his debt was wholly paid out of the profits. By the 18th chapter 
of the Statute of Westminster the Second, passed the same 8 


RE 


permitted to alienate on 


fl 


lished, that of allowing voluntary — 


moiety of a debtor's land was subjected to execution for debts reco- — 


vered by judgment (Exxerr] ; finally, by several modern statutes, 
the shoe By of a bankrupt debtor's lands have become absolutely sale- 
able for the payment of his debts. Further, by 3 & 4 Will IV, c. 104, 


all a deceased person's estate in lands, of whatever kind, is liable to the 4 


payment of his debts, both those on specialty and those on simple 
contract, : 
An attempt hed early been made So restore in part the cid restestaaey 
upon voluntary alienation by the statute 13 Ed ad 
‘De Donis Conditionalibus,’ which had for its object to enable A$ 
owner of an estate, by his own disposition, to secure its t in 
che ‘eelining “ot fondalisin, "The oft Was 
the ini wer of feu m. fect w 
Fail, and to free the const in all 
from many liabilities of his ancestor to which he would be subject if 
he were seised of the same lands in fee-simple. [Estate.] The power 
which was thus conferred upon landholders of the alien- 
ation of their lands remained in full force for nearly two centuries, till 


I. c. 1, entitled — 
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[Frxz. 32 Henry VIII. c. 28, tenants in tail were enabled to 

jos for three lives or twenty-one years, which should bind 
The 26 Henry VIII. c. 13, also, had declared all estates 
of inheritance, in use or possession, to be forfeited to the king upon 


‘ ay conviction of high treason, and thus destroyed one of the strongest 


alienation came at length to be extensively evaded was the practice 
introduced, probably about the end of the reign of Edward IIL, of 

ing lands to persons to uses, as it was termed; that is, the new 
owner of the land received it not for his own use, but on the under- 
standing and confidence that he would hold the land for such persons 


other the right to the profits or the use ; and this use could be trans- 
ferred by a man’s last will at a time when, the land itself being still 
bound in the fetters of feudal restraint, could not be transferred by 
will, where it was devisable, as in Kent and some other parts of 
; ial custom. The person who thus obtained the use 

Gale on of the estate—the cestui que use, as he is called in law—was 

. ly converted into the actual owner of the land to the same amount 


thus the power of devising land which 
mode of uses was taken away. But this 
feudal system, the restraint op the dis- 
be maintained consistently 


stat. 32 A i 
allowed to di of their freehold lands held in fee-simple by a will 
~ aoe ser Ti by knight 


service either of the king or any other, which restrictions were 
removed (Uses. stat. {12 Chas. II. c. 24, which abolished military 
tenures. SES. ] 

- Notwithstanding successive assaults upon certain parts of the 
ancient feudalism, main body of the edifice still remained almost 


L 


the 
that the subject of the abolition of ny | tenures 
was brought before the parliament in the 18th of James L., on the 
‘8 recommendation ; but at that time nothing was done in the 
matter. When the civil war broke out in 1641, the profits of martiage, 
wardship, and of most of the other old feudal prerogatives of the 
crown, were for some time still collected by the parliament, as they 
been by be ne The fabric of the feudal system in 
England, however, was eventually shattered by the storm of the great 
The Court of Wards was in effect discontinued from 1645. 
‘The restoration of the king could not restore what had thus been in 
‘practice swept away. By the above-mentioned statute (12 Car. IL 
¢. 24) it was accordingly enacted, that from the year 1645 the Court of 
Wards and Liveries, and all wardships, liveries, primer-seisins, values, 
_ and forfeitures of marriage, &c., by reason of any tenure of the king’s 
‘Majesty, or of any other bi ey tenures, were taken away and dis- 
_chargéed, together with fines for alienations, tenure by homage, 
; aids pur file marrier and pur fair fitz chevalier, &c.; and that 


uur poses, 
by deed 


Iding 
within the last few years that estates-tail in Scotland have been relieved 
from the strictest fetters of a destination in aa meee 

¢ have enumerated the principal statutes which may be considered 
broken in upon the integrity of the feudal system, considered 


tt which 

it. But the system of tenures still exists. The 
abolished military tenures and such parts of 
5 generally intolerable ; but all lands in 
kingdom are still held either by soccage tenure, into which mili 


or else gd tenures of frankal- 
serjeanty, and copyhold, which were not affected by the 


Some of the consequences of tenures, as they at subsist, can- 
emplified than by the rules as to the Forrertur: 

of which, howeyer, have undergone modi- 
the statute of Charles II. 
comprehensive and exact view of the t tenures of 
in England and their incidents consequences, it 
necessary for the reader to enter upon a course of study more 
and extensive than is consistent with pursuits not strictly 


legal. Still a general notion may be acquired of their leading charac- 
teristics by referring to several of the articles already quoted, and to 
such heads as ATTAINDER, Baron, CopyHotp, Courts, Distress, 
Estate, Lease, Manor, Tenures, and such other articles as may be 
referred to in those last mentioned. 

The notions of loyalty, of honour, of nobility, and of the importance, 
socially and politically, of landed over other property, are the most 
striking of the feelings which may be considered to have taken their 
birth from the feudal system. These notions are opposed to the ten- 
dency of the commercial and manufacturing spirit which has been the 
great moving power of the world since the decline of strict feudalism ; 
but that power has not yet been able to destroy, or perhaps even very 
materially to weaken, the opinions above mentioned in the minds of 
the mass. 

We are not, however, to pass judgment upon feudalism, as the origi- 
nating and shaping principle of a particular form into which human 
society has run, simply according to our estimate of the value of these 
its relics at the present day. The true question is, if this particular 
organisation had not been given to European society after the dissolu- 
lution of the ancient civilisation, what other order of things would in 
all likelihood have arisen, a better or a worse than that which did 
result? Some assistance in settling this question might perhaps be 
obtained by comparing the history of society, from this date, in the 
feudal countries, with its history in those parts of Europe to which 
feudalism never reached,—France or England, for instance, with Den- 
mark, Sweden, or Hungary. 

As for the state of society during the actual prevalence of the feudal 
system, it was without doubt in many respects exceedingly defective 
and barbarous. But the system, with all its imperfections, still com- 
bined the two essential qualities of being both a system of stability and 
a system of progression. It did not fall to pieces, neither did it stand 
still. Notwithstanding all its rudeness, it was, what every right system 
of polity is, at once conservative and productive. And perhaps it is 
to be most fairly appreciated by being considered, not in what it 
actually was, but in what it preserved from destruction, and in what it 
has produced. 

The earliest published compilation of feudal law was a collection of 
rules and opinions supposed to have been made by two lawyers of 
Lombardy, Obertus of Otto and Gerardus Niger, by order of the 
Emperor Frederic Barbarossa. It appeared at Milan about the year 
1170, and immediately became the great text-book of this branch of 
the law in all the schools and universities, and even a sort of authority 
in the courts. It is divided in some editions into three, in others into 
five books, and is commonly entitled the ‘ Libri Feudorum ;’ the old 
writers, however, are wont to quote it simply as the Textus, or Text. 
But the sources of the feudal law are the ancient codes of the 
several ic nations; the capitularies or collections of edicts of 
Charlemagne and his successors ; and the various Coutumiers or col- 
lections of the old customs of the different provinces of France. The 
laws of the Visigoths, of the Burgundians, the Salic law, the laws of 
the Alemanni, of the Baiuvarii, of the Ripuarii, of the Saxons, of the 
Anglii, of the Werini, of the Frisians, of the Lombards, &c., have been 

ublished by Lindenbrogius in his ‘Codex Legum Antiquarum,’ fol., 

rancof., 1613. The best editions of the capitularies are that by 
Baluze, in 2 vols. fol., Paris, 1677, and that by Chiniac, of which, how- 
ever, we believe only the first two volumes have appeared, Paris, fol., 
1780.. Richebourg’s ‘ Nouveau Coutumier Général,’ 4 vols. fol., Paris, 

1724, is a complete collection of the Coutumiers, all of which, however, 
have also been published separately. All these old laws and codes, as 
well as the Milan text-book, have been made the subject of voluminous 
commentaries. 

-FEVER, CONTINUED. Under the name fever are included 
various diseases which are distinguished by some term prefixed to this 
word, as scarlet fever, inflammatory fever, yellow fever, continued 
fever, intermittent fever, remittent fever, and such like. There can 
be little doubt that this term fever has been applied to very opposite 
and different states of the system, and the only idea implied by the 
word is a certain continuity in the disease, and perhaps a tendency in 
the diseased processes to come to a natural termination. The term 
fever is however frequently applied alone to that group of diseases to 
which recent medical writers have applied the term “ continued 
fevers.” This expression continued distinguishes them more espe- 
cially from the fevers called intermittent [Acux], remittent [HypRo- 
CEPHALUS], and yellow fevers. By some writers it is supposed that 
the various forms of continued fever are but modifications of that same 
state of the system in which intermittent, remittent, and yellow fevers 
come on. There is however good reason to believe that ague and 
remittent and yellow fevers arise from causes different from those _ 
producing continued fevers. Hence they are now regarded as distinct. 
Dr. Jenner, who has recently written on this subject, sums up the 
forms of continued fever in the following manner. 

“ Febricula—A disease attended by chilliness, alternating with a 
sense of heat, headache, white tongue, confined bowels, high-coloured 
scanty urine, hot and dry skin, and frequent pulse, terminating in 
from two to seven days, and having for its cause excess, exposure, 
over-fatigue, &c.—(i.¢.) the cause of febricula is not specific. 

“ Relapsing Fever.—A disease arising from a specific cause, attended 

y rigors and chilliness, headache, vomiting, white tongue, épigastric 


39 FEVER, CONTINUED. 


tenderness, confined bowels, enlarged liver and spleen, high-coloured 
urine, frequent pulse, hot skin, and occasionally by jaundice, and 

ing in apparent convalescence in from five to eight days; in a 
week a relapse—(i.c.) a repetition of the symptoms present during 
the primary attack. After death, spleen liver aro found conside- 
rably enlarged; absence of marked congestion of internal organs, 

“ Typhoid Fever>—A disease arising from a specific cause, attended 
by rigors, chilliness, headache, successive crops of rose spots, frequent 
pulse, sonorous rale, diarrhma, fulness, resonance, and tenderness of 
the abdomen, ling in the right iliac fossa, increased splenic 
dulness, delirium, dry and brown tongue, and prostration, and ter- 
minating by the 30th day. After death enlargement of the mesenteric 
glands, disease of Peyer's patches, enlargement of the spleen, dixsemi- 
nated ulcerations, disseminated inflammations, 

“Typhus Fever.—A disease arising from a specific cause, attended 
by rigors, chilliness, headache, mulberry rash, frequent , delirium, 
dry brown tongue, and prostration, and terminating by the twenty- 
first day. After death, disseminated and extreme congestions; in 
pouns persons, enlargement of the spleen,” (‘ Medical Times,’ 20th 

) 


We may take, for the convenience of describing the condition of 
aoten in the state of continued fever, the ordinary continued fever o 

is country, the disease denominated Common Continued Fever 
(Synochus Mitior), The phenomena which take place in this disease, 
and the order in which they succeed each other, are the following :— 

The first event in the series ie the derangement of the functions of 
the nervous system. There is reason to believe that this derangement 
takes place primarily in the organic system of nerves, that system 
which presides over the nutrition of the organs, and consequently that 
the very first effect of the noxious agent, whatever it be, which pro- 
duces fever, is to disorder the health of the organs, and thereby to 

ir their energy. 

hough it is probable that a disorder of the organic nerves is the 
first event that actually takes place in fevers, yet the first event of 
which we become conscious would seem to be a derangement in the 
second portion of the nervous system, the great nervous centres in 
which sensation, intellectual operation, and yoluntary motion have 
their seat, namely, the brain and spinal cord. The organic functions 
being carried on without consciousness, we can know that they are 
disordered only by their producing disturbance in some part of the 
sentient system. The organic portion of the nervous system is most 
intimately connected with the sentient portion, and any disorder of 
the former is quickly extended to the latter. In an attack of fever the 
disordered condition of the brain is indicated by a loss of mental 
energy. But this loss of mental energy, though it is probably the very 
first indication of fever of which any ove can be conscious, is by no 
means the first symptom which usually attracts attention, In general 
the loss of mental power is not observed until it becomes distressing, 
which does not often happen until the progress of the disease is further 
advanced. The loss of meytal power is indicated by the inability to 
perceive clearly the trains of ideas, and to attend closely to their 
relation; whence result indistinctness and confusion of mind, and the 
want of capacity to form a sound judgment, 

As this state of the mind depends on the disordered condition of the 
organ in which the mind has its seat, the brain, and as the servant of 
the mind, volition, has its seat in the same portion of the nervous 
system : closely connected with this mental weakness, is the loss of 
energy in the muscles of voluntary motion. Lassitude is the result, 
The movements of the body are feeble and unsteady, as the energy of 
the mind is impaired. ‘ 

From this morbid condition of the brain and of the muscles of 
voluntary motion, there results an uneasy sensation, of which no idea 
can be conveyed by words ; it must be felt to be understood. It is not 
pain, it is more distressing than pain ; even the mere restlessness which 
accompanies, and which forms so large a part of it, any one would 
gladly exchange for intense pain ; it is this state which has been appro- 
priately and expressly named ‘ Febrile Uneasiness.’ 

But very soon there is superadded to this uneasy sensation positive 
pain. In general pain is first felt in the back and loins, and in the 

bs. It is rare that this symptom is absent in the commencement 
of this form of fever, and it often occasions more distress to the patient 
than anything else during the first stage of the disease. 

The remaining part of the history of an attack of common continued 
fever has been thus given by a physician who has had the most 
abundant opportunities of witnessing the pro of the disease :— 

Already a remarkable change is commonly visible in the counte- 

Its expression is that of dejection ; it is often strikingly similar 
to that of a very weak person suffering from fatigue, The colour of 
face is pallid, and the features are somewhat shrunk; but its general 

is 20 peculiar and characteristic, that an experienced eye can 
distinguish the disease, even at this early period, and without asking a 
single question. The skin partakes in a remarkable degree of the 
debility which so early shows itself in the muscles of locomotion, 
This is indicated in a striking manner by its increasing sensitivencss to 
the physical agents by which it is surrounded, and by its inability to 
resist their influence. Ordinary degrees of temperature produce a sensa- 
tion of cold which is sometimes intolerable; chilliness is felt even in a 
heated room, or in {a warm bed; hence the sensation of cold, some- 


times increasing , 
most constant signs of fever. But this feeling of chilliness by | 
means depends on external Se Ee ee 
exists in spite of an clerabed’ Seeaenenes |e arises from an a 
cause, and is not to be coun’ by external heat, 7 
While the patient experiences the sensation of there is no 


meter ap Hed fo sag perks the body commonly rises as high as in the 
state of th ; 


uence of derangement in the function of the skin. In 
pn the chilliness in many cases never amounts to shivering; 
others there is an attack of well-marked rigor, and in 
there is- either no feeling of cold, or it is so slight 
yp erated are all referrible to derange- 
e toms now enum are to ae). 
ment of Gas tomeliows of the spinal cord ope There is as 
affection of any other organ obviously or at Jeast much develo 
circulating system, it is true, is just beginning to be affected, Ss 
pulse is no longer perfectly natural ; it is more languid than in the 
state of health; sometimes it is also quicker; at other times it is 
slower; now and then it is scarcely in frequency, but ite 
action is invariably weaker than in its sound state, " 
At the same time the ion is affected in a 


expand so freely, and compensation seems to be so . 
tional number of respirations. Oftentimes neither the pulse nor the — 


respiration ap to be much altered, if the patient remain : 
ill; but if 


es 


: 
: Bs 
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e rise and walk across the room 

becomes rapid, and the respiration is quickened almost to 
The transition from the gpa of the nervous and 

that of the circulating and respiratory systems i 

teaches us how closely these 


closest observers and the ablest experimentalists candidly 
that they are scarcely able to determine which is the least 
or the action of which is the least necessary to the other's 
of its functions. The nervous system being first . 
consonant to what we know of the healthy function of the animal — 
economy oe the circulating and the respiratory systems should be the 
next to suffer, be; 

How long the nervous system may continue thus deranged before — ms 
any other organs are involved, excepting the circulating and the respi- ‘ 
ratory, to the extent just stated, is uncertain. There can be no d “< 
that in this mild form of fever the range of the duration of this — 
isolated state of disorder, if we may so express it, is from a few hours ‘ 
to several days. The rapidity or the slowness with which other systems _ 
of organs become involved seems to depend very much upon the 
ness of the attack. In general, the more acute the fever, the more rap 
the individual phenomena succeed each other, and the entiré ser 
becomes complete. But this is not, and it is important to bear 
mind that it is not, invariably the case, for i teaches us that | 
the severity and danger of the disease are not diminished 
poh bey aang and that cases oceur which are sl 
and which do not for a while excite alarm, that ultimately 
truly formidable, 

It has been stated that the circulation languishes 
nished energy in the sensorial faculties, and the loss of po 
muscles of locomotion. After a while the pulse, which 
than natural, becomes more full, more strong, and 
quick than in a sound state; and now the skin, which 
becomes preternaturally hot, The previous cold consisted, 1 
most part, of altered sensation, there being little or no loss of caloi 
but the feeling of heat, on the contrary, is the result of 
increase of temperature: for the heat in the interior of the 
well as on the surface, rises in some cases several degrees, as is 
tained by the thermometer, the range of increase 
natural standard 98° to 105°, beyond which it is seldom f 
augment in this form of fever. e heat is at first not uniform o 
the entire surface of the body: it often happens that ‘ 
cold while others are burning hot, The heat is oftentimes 
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intense over the forehead or over the back part of the : over 

the whole scalp, while the cheeks are commonly flushed. All these 
symptoms denote a morbid condition in the action of the heart and — 
arteries. Since the generation of animal heat is so r con- 
nected with the circulating and the respiratory functions, it is probable ~ 


Immediately the circulation is thus excited, the functions of secretion ait 
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and stion become-deranged. The mouth is now dry and parched ; 

ie ga = be covered with fur; thirst comes on; the secre- 

tion of the liver, probably also of the pancreas, and certainly of the 
: as membrane lining the whole alimentary canal, is vitiated, as is 
ved by the quantity, colour, and fetor of the evacuations ; 
urine likewise is altered in appearance, and the skin is not more 
table for the sense of heat than for that of dryness and harshness 
it communicates to the touch, With the excitement of the 
se and the increase of the heat, the pain in the back and limbs, and 

febrile uneasiness are much augmented. 

__ At this period, then, the fever is fully formed ; the series of morbid 
phe is complete: anything more that happens is referrible to 
and to duration, and must be the result of one or other of 
, ti or of their combined operation. 

___ As soon as the preternatural heat comes on, pain begins to be felt in 
i in The pain of the head is often slight at first, and occasion- 
ally it remains dight 


, 


3 throughout the disease; at other times it is 
etty severe. Cases sometimes occur, in which, instead of pain there 
3s only a sense of giddiness, and now and then the uneasy feeling is 
_ described as that of lightness; or on the contrary, as that of heaviness, 
_ or weight, But whether the feeling be pain, and that pain be slight 
Or severe, or whether it be giddiness or lightness, or heaviness, it 
¥ a similar condition of the organ and requires a similar 


: accession of pain of the head there is a manifest increase 
the disturbance of the sensorial functions, The inability to think, 


acuter 
he eye 
bear the light : there are few cases in which the full glare 
not excite uneasiness, while in many the ordinary light of 
cannot be borne: in these cases the opening between the eye- 
lids is frequently observed to be contracted, as if from an involuntary 
effort to exclude a portion of that stimulus which in health excites no 
inconvenience, and this state of the eyelids assists in piving to the 
eye its dull and heavy expression so characteristic of fever, The 
; ease of sensibility in the organ of hearing is equally striking. 
4 ids which were not noticed during health become acutely and even 
 distressi sensible, while accustomed noises, such as that of a 
crowded street, are always painful and often intolerable. The skin, 
‘considered as an organ of touch, is ina like morbid state, An im- 
barely sufficient in the state of health to produce sensation 
the feeling of tenderness, and alternations of temperature 
_ which in ordi states are scarcely perceptible are painful. The 
| of taste and smell, on the contrary, are nearly obliterated, owing 
the altered condition of the membranes upon which the sensitive 
From-the earliest attack of the disease the sleep is disturbed and 
“Utrefreshing; now scarcely any is obtained; the febrile uneasiness 
will not allow So rea e patient cannot remain in any position 
long, incessantly shifting his place, never eluding his pain. At this 
ge the sense of uneasiness in the limbs, oftentimes the severity of 
pain over the whole body, is peculiarly di ing. 
this progressive increase in the ‘affection of the spinal cord and 
brain, the derangement in the circulating system is proportionately 
ated. The pulse is invariably altered, both in frequency and 
. Generally it rises to 90, sometimes to 100; but in this 
f fever it seldom exceeds this number; and occasionally it never 
. The stroke of the pulse is usually stronger and fuller 
it commonly retains its softness, and does not 
with that sensation of sharpness which is charac- 
ion. Occasionally, however, a degree of 
ived in it, and it is not easily compressed. 
which already had begun to appear on the 
ly increases in extent and thickness. The colour of 
as the disease advances, from a dirty white to 
; but in this form of the disease the tongue always 
never becomes brown, This state of the tongue is 
ied with thirst, but it is never urgent. There 
. I The bowels are generally constipated, and 
_ the secretions of the whole alimentary canal are vitiated. 
Thus we perceive that the progress of the disease consists in increas- 
ng us weakness ; increasing pain in the back, loins, 
andl of skin, acceleration of pulse, and general 
- febrile the occurrence of pain in the head, 


‘alin derangement in the functions of secretion and 
be fever in this mild form is now at ita height, It remains 


ith. Sensation itself, at this period, is pag! 
cg ag ase aie ad organs of sense. 
ot wel 


or at least with very little change, for an indefinite period 

nerall “for some da “the cerebral affection does not increase 
md what has been ibed; there are no indications of 
in the organs, and the mucous membrane of the 


does not denote any progressive advancement 


‘stomach and 
. i the great majority of patients in whom the symptoms continue 
moderate, the disease disappears about the end of the second 


week, that is, they are convalescent at that period; but it usually 
requires eight or ten days longer before they have regained sufficient 
strength to leave the sick chamber. Sometimes, although there is no 
greater severity in the symptoms, the disease is more protracted, a1 
the recovery is not complete until the fourth or even the fifth 
week. Beyond this period it is very rare for this form of the disease 
to be protracted. 

Almost all who are attacked with the malady in this its mildest 
form, recover: but now and then it happens that the symptoms go on 
with this degree of moderation until about the end of the second 
week. Then at the period when it is usual for convalescence to take 
place there is no perceptible improvement; the patients seem even 
to grow weaker; they lie more prostrate in the bed, and they are 
soon incapable of moving ; still they complain of no pain or uneasiness, 
and it is not easy to detect any trace of disease in any organy yet it 
is but too evident that they grow worse, and ultimately they sink ex- 
hausted. In these cases, on examination after death, it is commonly 
found that disease has been preying on some vital organ, although its 
presence could not be detected during life; and this termination 
of the milder type of fever rarely happens except in aged persons 
whose constitutions have been enfeebled by previous diseases, or 
eye out by the various causes which depress and exhaust the powers 
of life. 

With an occasional exception of this kind, the disease in this form 
always terminates favourably ; and the first indication of returning 
health is remarkably uniform: it is almost always marked by longer 
and more tranquil sleep. Instead of that restlessness which is so 
characteristic of fever, and which forms the most distressing part 
of it, the patient is observed to lie more still, and on waking for the 
first time from an undisturbed slumber, he often spontaneously says 
that he feels better. Better he may feel, for his febrile uneasiness is 
gone ; the load that oppressed him is shaken off; he is a new being. 
The pain of the head and of the limbs is so much diminished, that often he 
cannot help expressing his thankfulness at the change. The countenance 
becomes more animated; its natural expression returns; the tongue 
begins to clean, and after this state of the system has continued for 
two or three days the appetite returns. While these favourable changes 
are going on the pulse usually sinks about ten beats below its highest 
point at the height of the fever ; it is not uncommon, however, for it to 
remain quick during the entire period of convalescence ; and for some 
considerable time it is easily excited on any movement of the body, or 
any emotion of mind. In some cases, on the contrary, when the 
attack has been very mild, it sinks considerably below the natural 
standard, and is intermittent, a sign which has been observed to be 
attended with a sure and steady convalescence. In the mean time the 
appetite becomes keener than natural ; the strength gradually improves ; 
and in a short time the patient is restored to his: usual health and 

our. 

The transition of a mild case of fever into a severe one, or the pro- 
gress of a case severe from the commencement, is accompanied with or 
depends upon certain changes that take place in certain organs. These 
changes occur with great regularity ; the organs in which they take 
place are always the same ; and the symptoms by which they are denoted. 
are uniform. The organs affected are the spinal cord, the. brain, the 
membranes of both, the mucous membrane of the lungs, and the 
mucous membranes of the intestines. Other organs become affected 
in the progress of the malady, but these are the organs which in a 
greater or less degree are invariably diseased, and which therefore 
must be considered as the true seats of the structural changes that 
take place in the regular course of fever. Accordingly in all the 
severer cases, the symptoms, which are only the external indications 
and expressions of the successive changes that take place in the internal 
organs, have their seat either in the head, in the thorax, or in the 
abdomen, Mixed and blended as these symptoms appear in the dif- 
ferent cases which the practitioner is actually called upon to treat, 
they seem so complex and variable as to bid defiance to any arrange- 
ment ; when analysed, nothing is more remarkable than their simplicity 
and their uniformity. 

Previous to the changes of structure that take place in the internal 
organs, it is probable that the different fluids undergo changes no less 
important. There is indeed a controversy whether the very first 
change that. takes place does not take place in the fluids, and more 
especially in the blood. There cannot be a question that a morbid 
change takes place in the blood at a very “ei 4 period of fever; that 
that change is different at different stages of the disease; that it is 
essentially different according to the particular type of fever, and that 
it is always great in proportion to the severity of the attack. Without 
entering here into the controversy whether the very first event in the 
series be a morbid change in the blood, it is manifest that this fluid 
cannot but become diseased in the progress of fever, because all the 
processes by which the depuration of the blood is effected are disturbed, 
and consequently matters which it is the office of these depurating 
organs to remove from the circulating mass accumulate in it. More- 
over there is evidence that the constitution of the blood itself becomes 
deranged, and that the natural proportions of its essential constituents 
are subverted. Of course, in a state of the system in which the most 
important secreting organs are diseased, and in which the fluid that 


| affords the common materials from which the secretions are elaborated 
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FEVER, YELLOW, 


is also diseased, the secretions themselves must necessarily become 
vitiated. 

Although these general symptoms are found more or less in all the 
forms of continued fever, there are some which are regarded as dia- 
— of the special forms mentioned above that are of the highest 

terest. Thus it is found that the two latter forms, typhoid and 
typhus fevers, are attended with eruptions of the skin as essentially 
distinct as those of measles and scarlet fever. The eruption in typhoid 
fever consists of rose-coloured spots which consist of slightly elevated 
papula or pimples, Their apices are neither acuminated nor flat but 
invariably rounded, and the bases gradually pass into the level of the 
surrounding cuticle. These spots disappear completely on pressure, 
and resume their usual appearance when the pressure is removed. 
They leave no stain, or pit, or mark behind, and vary in size from a 
line to a line and a half in diameter. Each papula lasts three or four 
days, and fresh crops ap every day or two after their first erm 
tion. These spots usually occur on the abdomen, thorax, and back, 
and only occasionally on the extremities. They usually appear be- 
tween the seventh and fourteenth day of the disease. (Jenner.) 


The rash of typhus fever is distinguished by its mulberry colours 


On its first appearance it consists of very slightly elevated spots of a 
dusky pink colour; each spot is flattened on the surface, irregular in 
outline, and with no regular margin, but passing gradually into the 
colour of the skin. It disappears completely on pressure. The spots 
are of various sizes, and as they grow older do not entirely disappear 
on pressure, but a stain of the cuticle remains to indicate where they 
are. This eruption usually appears from the fifth to the eighth day 
of the disease, and subsides between the fourteenth and twenty-first 
days. These rashes must not. be confounded with “ miliary ” vesicles, 
or “ sudamina,” which sometimes come on in these fevers. 

As already indicated in the definitions of these fevers, the typhoid 
form is attended with a diseased condition of the mucous membrane 
of the bowels, and the small glands (Peyers) are affected. The sym- 
ptoms of this disease correspond to this condition. In the early stages 
abdominal pains and diarrhea set in, which continue to increase. The 
belly enlarges as in mesenteric disease, and is resonant on percussion. 
During the third week of the disease these symptoms become more 
formidable, and the stools amount to from five to ten in the course of 
the day. One of the most alarming symptoms is hemorrhage from 
the bowels, which occurs towards the end of the attack. This is one 
of the most formidable symptoms of the disease, although not always 
attended with fatal results, These symptoms differ very much from 
those which occur in typhus fever, where there is generally obstinate 
constipation. 

Fever then is a malady in which disease is simultaneously esta- 
blished in the most important organs both of the organic and of the 
animal life, in the vital fluid which nourishes and stimulates the whole 
system, in the excretory processes by which the purity of the blood is 
preserved, and in the secreting processes by which all the different 
tissues and structures of the body are formed. That it should be 
always a dangerous disease is therefore not wonderful, but the real 
extent in which it is the instrument of death is not generally known. 
Taking together the whole class of febrile diseases, and including the 
ravages committed by them at all seasons and in all parts of the globe, 
it is estimated that of the deaths that take place in the human race 
one half is always produced by these maladies. 

With regard to the causes of continued fevers considerable differences 
of opinion exist. Some writers are inclined to the opinion that there 
are no specific causes of these forms of disease, but that wherever 
animal and vegetable matters exist in a state of decomposition, there 
any one of these diseases may be engendered according to the predis- 
position of the individual attacked. These writers even deny that 


there is a poison generated in the body capable of producing a disease } 


in another body. Another body of observers believe that these fevers 
may originate in external causes, but that they are all of them capable 
of producing a poison—a materies morbi—which is capable of producing 
the disease in unaffected individuals. Whilst again, recent investiga- 
tions seem to point out that typhoid fever is more especially dependent 
on decomposing animal and vegetable matters, writers supporting this 
view have called the disease pythogenic or drain fever. It is very 
certain that this form of fever is more liable to break out locally than 
typhus. It appears, however, to be communicable by the poison gene- 
rated in the body, but not so much so as typhus, 

With regard to typhus fever, it is asserted that it is alone main- 
tained and propagated by a special poison like small pox and scarlet 
fever. Whatever may be the real causes of these forms of disease, all 
opinions point to the same means for the prevention of these diseases. 
Wherever fever has broken out, all sources of corruption should be 
removed. Drains should be cleansed, and foul deposits of every kind 
should be got rid of. In order to preserve others, the rooms of the 
sick should be well ventilated, the linen should be washed, and every 
precaution taken to prevent the discharges from the patient from 
coming in contact with others. Chlorine and other disinfectants may 
be advantageously employed. The patient should be separated as 
much as possible from others,and the poison from his body should have 
every chance of dilution by the free access of pure air. 

The treatment of these diseases must depend very much on the 
nature of the case. There is no cutting short the progress of a fever 


2 
. « 
by medicines, and when the disease is progressing favourably little else 
mest he Some then So Sissi Sis eee ene ee ee ce 

In typhoid fever the state of the bowels forbid any but the most __ 


gentle of purgatives, and pk: f in the beginning of the disease, 


A — peentenaanh 6 often ado for sot forbidden here. In 
sinking and e: states, ammonia, brandy are powerful 
agents for good. Quinine has been recommended in all forms 


of continued fever by some writers, but Dr. Bennett, of Edinburgh, ‘ 
doubts its value in the fevers of Edinbu The various complications = 
of the brain and respiratory system, in the course of the disease, 
require remedies adapted to meet the ped gaseed ; 
(Sydenham's works; Mead, Short Di rope 9 4 Pestilential 
Contagion, and the Methods to be used to Prevent it; Sir Jobn Pringle, 
Observations on the Nature and Cure of Hospital and Jayl Fevers,ina 
letter to Dr. Mead: and Observations on the Diseases of the Army ; 
Clutterbuck on Fever ; Southwood Smith, Treatise on Fever ; Philo- 
a~phy of Health ; Copland, Dict, g Practical Medicine ; Cyclopedia of 
Practical Medicine ; Watson, on the Practice of Physic ; 


eastern and western coasts of America, in by 
and in Europe on the southern shores of Spain. The prevalence of 

this disease in these countries, its great ity, and the mortalityit 
produces in navies and armies, have attracted much attention towards 
it both from governments and medical men, This disease has been 
described under other names, such as typhus icterodes, Bulam fever, ‘ 
bilious remitting fever, vomito negro, vomito prieto, endemial casus, 
mal de grain, &e. Although this disease has a yery distinct history, 

and can be easily distinguished by the mass of sym it ts, 
yet it is difficult to give in a few words anything like a 7 
definition. Dr. Gillkrest, one of the most recent writers on this sub-— 
ject, gives the following definition : a disease in which “ yell sof 
the skin, partial or general, and towards the fatal nination, — 
vomiting of a black or dark brown fluid, are frequent Songs Fy 1 
means constant occurrences.” Such a definition would be of little use 
for distinguishing the disease, and perhaps after all it will be found : 
that yellow fever is only a modification, under peculiar cireumstances, ¥ 
of some primary form of disease in which all fevers originate, It is 
certain that this disease has many symptoms in common with other 
fevers, and that it assumes the types of the common, continued, re- — 
mittent, and intermittent fevers. 4 

It has only been within a comparatively recent period that this — 
disease has attracted much exclusive attention, and on this account __ 
some writers this disease as one altogether of modern origin, 
and fix the date of its generation during the latter of the 
eighteenth century. But although no accurate account of this disease. 
as distinguished from other fevers exists, previous to its ae 
the island of Granada, in 1793, yet there can be no doubt that the 
records of the occurrence of destructive fevers in those districts in __ 
which the yellow fever now occurs, refer to the same disease, 

The attack of yellow fever is mostly preceded by well-marked pre 
monitory symptoms, For two or three days previous to the attack 
there is a depression of spirits and an unnatural inactivity without 
any sufficient accountable cause. There is sometimes nausea, with a 
creeping chilliness, and pains in the loins, back, arms, legs, and head. 
The eyes are suffused, dull, and heavy, and the sight is dim and some- 1 
times double. There is often slight confusion of mind andakind of 
drowsy restlessness. The appetite is bad, the taste is perverted, and 
the bowels are either confined or relaxed. The skin isin some cases 
goer dry, or there may be sweating after slight flushes of heat. 

@ pulse varies considerably ; it may be small, quick, and i : 
or soft and full. Such symptoms do not however always occur,and 

iately with a shivering, the 


sometimes the patient is seized immedia’ 
indication of the near approach of the worst symptoms. es 
during this R cigs stage there may exist a yellowness of the 
eyes and of the skin, and also a vomiting of bilious matter, yo eg 
The commencement of the febrile attack mostly takes place at night; 
after the shivering, a state of general excitement takes place, w. f the 
sometimes increases to a very distressing and unmanageable extent. __ 
Pains occur in the head, in the eyeballs, in the back and loins,and 
cramps in the memic muscles. The a prefers the — 
recumbent position and lies upon his back, but is in a state of grea 
restlessness, frequently throwing his arms about, more eciall 
above his head. The face is usually flushed, sometimes of a crimson 
hue, and occasionally swollen so as to appear bloated and heavy. The 
bbe egg Ae ral’ patna Aa . n, and 
moistened with tears; the pupil is generally permanent 
the balls seem protruded as if they would start from their age 
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commence. The general excitement now gives way to depression. The 
countenance becomes deeply expressive of anxiety. The congested 
state of the oo to yield, and in its place a slight yellow tinge is 
observed. is goes on increasing till it extends down the alz of the 
_ nose and around the mouth. As the disease advances, in most cases 
the yellow tinge spreads itself over the whole skin, giving to the whole 
ody, ing to the complexion or temperament, various colours, 
from a pale lemon to deep orange or saffron colour. The pulse becomes 
Y lessened in frequency. The coating on the tongue becomes 

, and this organ towards its roof and at the edges and tips has a 

clean and dry red appearance. The stomach now becomes irritable and 
leniag ne pressure. Food is immediately rejected. There is a dis- 
ing sensation of internal heat. The vomiting is sudden, and not 


e loses its full and prominent 
character, dark-coloured blotches ici ‘pets occur on the body, the 
Coney small and thready, the tongue loses its coating and 
bright red, thirst becomes urgent, and there is lastly the 
vomiting of a dark and mucous-looking fluid, which has been called the 
“black vomit,” and has in fact given the name sometimes to this disease. 
_ This symptom, however, does not always occur. As death approaches 
the ion becomes greater, the iration is hurried and noisy, 
the surface and extremities become , and covered with a general 
clammy perspiration. In some the last moments are marked with 
great pain and strong convulsions, whilst in others death seems to 
come upon the patient unawares. 

These symptoms are by no means presented in every case, 
some having been constantly observed by one medical writer, whilst 
others have never witnessed them at all. Amongst the forms which 
is di assumes, three are mentioned by some writers as pointin 

out important differences in the character of the disease : these are call 

inflammatory, adynamic, and malignant. The inflammatory occurs in 

full plethoric habits, and the whole of the symptoms indicate a greater 
amount of excitement and activity, and the disease proceeds to a fatal 


{ vigour. In this form of the disease the pulse is slow, 
_ the skin cold and clammy, no resistance appears to be made to the pro- 
4 of the disease, and the patient sinks in the course of four or five 
The malignant form is the worst of all: from the first the 

seems attacked with death; all the symptoms are low from the 

, and no reaction is established. Persons seldom recover 
many die during the first twenty-four hours of 


nature and origin of the black matter which is so often vomited 

yellow fever has been the subject of much investigation. 
correct view is probably that of Dr. Fordyce, who considered 
it was identical with the incrustation of the tongue, gums, and lips 
generally in violent fevers, and that probably this is an exudation 
th out from the surface of the stomach, or even from the duode- 
num and jejunum. When collected and given to animals it produced 
‘no bad effect upon them, and an atmosphere impregnated with its 
: ions does not appear to be injurious. Under the microscope it 
cé of minute scales of smoked mica, being of a dark 
colour. It is probably nothing more than the globules of 


secretion, and perhaps 
It may frequently be 
Sieticharecter of bile — not appear in the majority of cases to have 
at a 

Z As it is difficult to give a definition of yellow fever, so is it difficult 
to give any rules by which it may be distinguished in individual cases 
from other diseases. Its occurring, however, ly in several indi- 
viduals at the same time, soon leads to the development of the group 


uence of the violent vomiting. 


of symptoms which we have described, and by which it may be 
distinguished from dllied diseases. ; 
The mortality from this disease is always very considerable, It is 


epidemic than it is 
instances all the cases occurring for 


The mortality is generally greatest amongst the young and 
robust, and this will Lari = 2s ic for its fatality amongst soldiers 
_ and seamen. This fever has as peculiar to places between 


40° N. lat. and 20° S., and requires a climate in which the mean summer 
Tange is not less than 75°, or, ajo ind authors, 80°. More 
temperate climates are not, however, from its attacks. It ap- 
_ peared at Lisbon in 1857. One-twelfth of the whole tion was 
attacked with the disease, and of these one-third died. The 

deaths in the whole population was between five and six 


_ From the histories of this attack in Europe, we may learn that none of 
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our towns have an immunity from this disease, and that it is only by 
carrying out those sanitary measures which are now so extensively 
adopted, that we can expect to be free from such a visitation of this 
disease as at Lisbon. 

The morbid appearances of the body after death do not throw any 
light on the nature of this disease. In the head the dura mater is 
found studded with dark-coloured spots; under the arachnoid is fre- 
quently accumulated a yellowish serosity. The lesions in the chest 
are not remarkable. The stomach is generally distended with air, its 
mucous surface is occasionally suffused with blood, and its vessels are 
generally gorged with blood. The orifices of numerous canals may be 
seen, from which by slight pressure oozes a fluid which appears to be 
the “black vomit.” The small intestines participate in some measure 
in the lesions of the stomach. The liver is sometimes engorged with 
blood, and sometimes it is hard and dry. The spleen is usually in- 
creased in volume and softened. 

In the treatment of yellow fever much difference of practice has 
prevailed, according to the opinions of those called upon to treat the 
disease ; and unfortunately that kind of evidence does not at present 
exist on which we could rely with regard to the value of any particular 
course of treatment. Under these circumstances the judicious prac- 
titioner will act on general principles, and treat whatever cases come 
before him according to the symptoms they present. As is mostly 
the case in the treatment of fevers which in their course exhibit both 
active and low symptoms, two very different plans of treatment have 
been recommended; the one antiphlogistic, the other stimulant. 
Without discussing the respective merits of these plans of treatment, 
it may be stated that both may be rendered necessary in different 
stages of the disease. 

sim te antiphlogistic remedies, blood-letting has been highly 

, but it is not so frequently employed as formerly. The 
next remedy in importance is mercury. Some of the best writers on 
yellow fever, and those who have had the largest experience, consider 
mercury as their sheet-anchor in this disease. It should be adminis- 
tered in doses of sufficient quantity to affect speedily the mouth. 
Many practitioners who use this remedy do not employ blood-letting 
as an ordinary remedy, but only in those cases in which the inflam- 
matory symptoms preponderate. In addition to these means, purgatives, 
emetics, antimonials, and cold affusion have had their advocates. These 
remedies are however all of them adapted more to particular states of 
the system than to the disease of yellow fever, and should be adminis- 
tered according as circumstances arise which may indicate their 
necessity. In cases where the disease assumes a remittent form, 
quinihe may be administered with advantage. Dr. Stevens particularly 
insists on the administration of saline medicines in yellow fever, to 
which there is no objection, provided the stomach will retain them, 
— te probably have a beneficial effect on the system according to 

eory. 

Of all the questions connected with yellow fever, perhaps that 
which regards its cause has been discussed with the most zeal and 
bitterness. We cannot here go into any details of this discussion, but 
the great point in dispute is the contagiousness of this disease. Many 
of the early writers on yellow fever concluded that it was contagious, 
and on this account persons who have been exposed to its influence 
are obliged to submit to the most rigid quarantine regulations. But 
whilst there is much evidence to prove that this disease is communi- 
cable by a morbific matter generated in the human system in a state 
of disease, there can be no doubt that it has in most cases a local 
origin. Many recent writers have supposed that the local cause of this 
disease was to be found in the temperature and other atmospheric 
phenomena in the district visited by the disease; but this cause is too 
general to account for the exceeding local character of the disease in 
many instances, Cases are recorded in which the inhabitants of par- 
ticular parts of a town, the one side of a street, or even one room of a 
house, have been attacked, whilst all others have escaped. The true 
theory of the production of these diseases is probably to be found in 
the fact that they originate in decomposing ani and vegetable 
matter, and afterwards become susceptible of communication from one 
individual to another by a poison generated in the body. The history 
of the development of the disease at Lisbon is remarkably confirma- 
tory of these two points, 

(Library of Practical Medicine, article “Yellow Fever,” by Dr. 
a Cyclopedia of Practical Medicine, article “ Yellow Fever,” 
by Dr. Gillkrest ; Bancroft, An Essay on the Disease called Yellow Fever; 
Dr. R. D. Lyons, Report on the Yellow Fever at Lisbon, in 1857.) 

FIBRIN. Fibrin is an important constituent of animal and vegetable 
organisms. In animals it occurs dissolved in the blood, to the extent 
of 2} parts in 1000, and is the principle of which muscle and the 
fibrous tissue of flesh are built up; indeed, these parts are usually 
jooked upon as consisting of fibrin itself, though altered in several 
respects from the condition in which it exists dissolved in blood: the 
name also is derived from the fibrous character of these tissues, par- 
ticularly from the bundles of fibres composing the muscles. 

Fibrin has already been shortly noticed under the article ALBUMEN, 
as forming, with a few other closely allied substances, that interesting 
class of bodies known as the protein or albuminoid group; they are 
sanguigenous or blood-forming matters, and hence are usually termed 
plastic materials of nutrition, to distinguish them from those consti- 

y 


or FIBROIN, 


and hence called i elements, The lean part of meat contains 
large quantities of fibrin and other i obtained in the 
instance from certain parts of ts, and stored up, as it were, in 


fibrin the liquid to the solid state. Again, the recently expressed 
a vegetables soon deposits a precipitate from a similar cause. 


property of spontaneous tion is alone possessed by fibrin 
and serves therefore to disti i 


casein, 
1. Animal fibrin is most readily obtained from blood ; it is, however, 


contained in some quantity in chyle and in lymph. To obtain it, fresh 
blood is briskly ~~ with a bundle of twigs, when, after a short 
time, the fibrin, in the form of short elastic strings, is found adhering» 


to the twigs. It is still contaminated with some of the red colouring 
matter of the blood, but by maceration in, and ent with 
sys e is finally obtained quite colourless, en ae this — 
a horny ap) , is hard, opaque, of a ish or i 

colour, ne with out taste or odour. It is insoluble in water, 
alcohol, or ether, but by long contact with boiling water is to a certain 
extent decomposed. Heated with water in a sealed tube to 300° Fahr. 
it entirely dissolves, forming a solution precipitable by acids, and much 
resembling the solution of albumen obtained under similar cireum- 
stances. A somewhat analogous solution occurs if the fibrin, in con- 
tact with a little water, is exposed to the air for some time; but in 
this latter case a considerable amount of decomposition occurs, and 
sulphide of ammonium, butyric acid, leucin, and other principles are 

Animal fibrin is soluble in moderately dilute solutions of 
the fixed caustic alkalies, yielding a liquid possessing the properties of 


albuminate of the base ; acetic or tribasie phosphoric acids precipitate | C. 


the fibrin, but in excess redissolve it. The fibrin may also be made to 
combine with other metallic oxides; the resulting compounds are, 
however, almost identical with the albuminates. Di in strong 
sulphuric acid, fibrin swells up, and by aid of a gentle heat entirely 
dissolves. Hot nitric acid also dissolves it, the solution containing 
xanthoproteic acid, an acid that is also produced under similar circum- 
stances from albumen and casein. Hot concentrated hydrochloric acid 
decom fibrin into leucin, tyrosin, and other matters. 

i is the name given by M. Bouchardat to that part of 
the fibrin obtained from blood, that is not soluble in dilute hydro- 
chloric acid; that chemist considering it to be identical with a sub- 
stance which forms the base of the epidermis: while to the portion 
of the fibrin that is dissolved by the dilute acid he gives the ‘name 
albuminose. According to Liebig, however, blood-fibrin swells up in 
dilute hydrochloric acid, but does not form a true solution at all; 
while muscle-fibrin dissolves more or less completely in that men- 
struum, 

Fibrin has been examined and by several chemists with 
tolerably uniform results, but though its composition has been thus 
ascertained, its true constitution is not at present satisfactorily esta- 
blished. Mulder, who has paid considerable attention to this and the 
analogous azoto-sulphurised principles, gives the following as the per- 
centage composition of fibrin :— 


Carbon . r » 52:7 

Hydrogen 69 

Nitrogen . 154 

0: J 23°5 

8 ur 2 AR 

Phosphorus 03 

100°0 

The combustion of fibrin is always attended with a residue or ash, 

containing hate of lime and a little ph of magnesia, 
2. Vegetable fibrin is frequently met with in tical 


ly consi 
a@ more or less state, from the so-called glaten of wheat flour. 
Boiling alcohol Boschas a considerable pce ag (true gluten) of this 
gluten, and what remains undissolved after repeated ebullition with the 
aleohol and with ether, is vegetable fibrin. Its ultimate chemical 
composition is very much the same as that of animal fibrin. In 
contact with moisture it is slowly decomposed. A farther deacri 
of its characters and properties is unnecessary, inasmuch as, 60 as 
those characters are known, it would be but a reiteration of what has 
a Taree eed above under Animal Fibrin. 

ROIN. This name has been eaplied by Mulder to the nitro- 
genous substance composing the fibre of silk, 1+ is purified by treating 


raw silk successively by boiling water, alcohol, ether, and acetic acid. 
It then contains :— 


tee : ‘ é . Fi i 

ydrogen . ers ee 
Nitrogen. a a - 1735 

FIBULA, a term used among the Romans for the brooch or buckle 


ved stones or for like the modern brooches, fibulw 
hey Masseuse Sailan ee Fibula 
The most comm 


joining or beams, 
1 iv., c..17) and described by Vitruvius (1. i., c. 5). The jibula chirur- 
i i for oe Se 


Jibula gymnastica, sive theatralis, “ que cantoribus et 
comeedis inserviebat,” i ay, slesceibed: bry. (alana, aul onan 
times alluded to by Juvenal and Martial. This was a ring of light 
workmanship. 

FICHTELITE, a fusible volatile 


dictions in Law) have been somewhat quaintly defined to be 
“ ose Hf 


never make any fiction but for necessity, and in av 
(Coke’s ‘ Rep.,’ iii. 30.) This is as much as to say that those who inter- 
pret the law will, in order to avoid a special hardship, or 
unexpected difficulty not provided for by the law, resort to a fiction ; 
that is, they will imagin i 8 said 
that such fictions have always a end in view; that is, an end con- 
sidered good by those who or maintain the fictions. It was 
wisely said, that fictions of law must not be of a thing impossible ; but. 
the reason is rather curious, “ for the law imitates nature.” 
to the soundness of the reason in the instance last mentioned, we ean- 
not but approve of the following rule as to fictions: that a man could 
never be subject to the penalty of a statute by a fiction of law. 
law, it was said, would also make fictions in order to avoid absurdity ; 
but this could hardly have been said in earnest. 
tape partie thy Bihar poner oy tears oo a - 


the court, th plaiutiff is at Ui sho pedaied obess kienage 
h i which sms, of bang inthe. marshal 
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or other inland place, in order to draw the cognisance 
ot tho wutt frees be courts of ibeabaly 
“Such fictions,” as Blackstone remarks, “ 


in the Roman law: a son killed in battle is to live for ever 


for the benefit of his parents; and by the 


Fictions in law, often ridiculous enough, have generally had 
their origin in some in the existing laws or course of procedure, 
and have pointed out in what respects j or interpreters of 
law, and, as we may su) , general opinion also, under the influence 
seotemney,” Slany fetioun, 60 far iregy i uaiieas te eee nae 

. ictions, so far ve 
ficial; but it must be remarked that they are the indications of a rude 
state of social organisation, and must y disappear with the 
imy nt of the institutions of society ; for their existence 


a defect which it is the business of legislation to 


j 


FIDDLE. [Vroray,] 


If we object — 


i 
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FIDEI COMMISS. 


FIERI FACIAS. 70 


FIDEI COMMISS. According to German civil law, the fidei 
commiss is intimately connected with the law of inheritance among 
, being the regulation according to which the whole or part 
property is enjoyed by a certain member of the family, on 
on of leaving it unimpaired to the person pointed out by 
family nt ; either to the first-born male, when 
majorat ; or to the last-born male, when it is called minorat ; 
or to the oldest member of the family without regard to direct descent, 


au 


provinces 
German civil law with the Code Napoleon, as in Bavaria. In the north 
Germany, however, where the ancient Saxon law was prevalent, as 
in Hanover, Saxony, and other countries, it has been maintained, and 


2 


eary that an heir (heres in the Roman sense) should be named, or no 
property could be transmitted to the fideicommissarius; for, without 
the “institutio heredis,” the will itself was invalid, but a fideicom- 
missum might be left by an intestate in the manner ibed in the 
(Gaius, ii., 248, &c.) Originally it entirely 
on the ith of the trustee (fiduciarius) whether he 
the will of the testator or not. 


(val Meret. 3,7) ob abe = the case of Q. P. Rufus 
; iv. 2,7), who, being an , Was incapacitated from taking 

i citizen, but yet could claim it from 
his mother, to whom it had been given in trust for him. (See also Cic. 
de ; and Quintil. Declam., 325.) Gaius, however 
(Comm., ii. 235), attributes the origin of these testamen injune- 
et ce de eee beames in way; 
but he gives no account of time when, or the mode in which, such 


ity was obtained. In the time of A the rights of the 
Sabstinisteh Gecasia legally entabtichod’ by the eater givina 
Afterwards pretors were 


i tong (I. 2. m,*) Uh governors 
cognizance of fideicommissa, pian, ‘ -y 25, 
MOE cc west of polka thine Mieke (Ria 


selonilated as to their qualities and incidents to legacies, The follow- 


ing remarks to fideicommissa where the whole inheritance 
(hereditas in the sense), or a determinate part, was given to a 
trustee in trust. 


the old Roman law, the ieee Ptecbe 2 successor in universum 
) on taking ion e testator’s property, became 
fare to all his debts and obligations, and coaaquionnly thanp who only 
took the property as trustees ( Jiduciarii) often refused to encum- 
themselves with a burden from which they could derive no advan- 

t sustain loss. To remedy this inconvenience, it 
De Senatusconsultum Trebellianum, passed in the 
when the trustee had given up the to the 


actions by or against the trustee, in of the property, should be 


petition of the cestui que trust, could compel him under the Senatus- 
ee ere ooo wre OV erin, to eccept and 
; ee eee Gee eee oe 9 with all tte 


No form was requisite in order to effect this 


transfer. (1. 2, 3, 5, and 6.) 
By the Trebellianum, if the heres was required to 
transfer not more than three-fourths of the inheritance to the cestui 


trust, the two parties were liablé to all suits and burdens in 
according to their several shares. If he was 
than three-fourths or the whole, the 8. P 

retain one-fourth, as the Falcidian law did 
the heres let himself be compelled to 
§. Pegasianum, he lost his one-fourth, 


if a legatee had to transfer a to another. 
: remarks u origin of Uses and Trusts in England, Mr. 

ones * ut clear and able sketch of the introduction 
_ of fideicommissa at Rome; and in a note to that part of his text which 
& ° terms necessary to constitute a fideicommissum, 
that these forms of expression are constantly referred to as 


(cestui que trust of the English law), all right of | ert 


guides to the Court of Chancery on questions of the like nature.” Vide 
int. al. “Knight v. Knight,” 3 Beavan, 161 & 172. 

6g Equitable Jurisdiction of the Court of Chancery, vol. i., 

FIEF, [Feupau System.]} 

FIELD (in Magnetism), is the space between the two poles of a 
magnet, where the two forces mutually re-act. [Macyetism.] 

FIELD (in Optics), is the actual magnitude of the space that can 
be presented at once to the eye of the observer; it must vary with 
the ifying power, and is large in proportion as this is small. 
With the lowest class of powers it is a circular space not exceeding the 
eighth or the tenth of an inch in diameter. With the power of 
500, the field is only 1-70th of an inch in diameter. [Mrcroscorr.] 

FIELD-GLASS. Between the object-glass and the eye-glass of a 
microscope there is usually in’ a convex lens, which receiving 
the diverging rays from the former before they form an image, has the 
effect of contracting the dimensions of the image and increasing its 
brightness, so that it is not too large i 
by means of the eye-glass. This interposed lens is called the field-lens, 
and that portion of the image which can be seen at once with the eye- 
glass is called the jield of view of the microscope. [Eyx-auass; Frei; 
Mrcroscoprr. | 

FIELD-MARSHAL, a military dignity conferred on generals and 
commanders of armies for distinguished services, and also as a com- 
pliment to persons of high personal rank, as princes of the blood 


It has been supposed that the term marshal is derived from Martis 
Seneschallus, but it is more probable that it came from the Saxon words 
mar, or marach, a horse, and scalck, a servant; and it — to have 
designated the person who had the care of a certain number of horses 
in the royal stables. In the Teutonic laws such a person is called 
maris caleus, and the fine for his murder is particularly specified. 

The earl-marshal of England had originally the chief command of 
the army; and history records the names of two noblemen, De Mont- 
morency and Fitzosborne, on whom the title was conferred by William 
the Conqueror. 

The office was by Henry VIII. made hereditary in the family of the 
duke of Norfolk ; but it is probable that it had before that time ceased 
to be connected with the military service; for from the ‘ Anecdotes of 
the Howard Family,’ we learn that while another person held Sie peat 
of earl-marshal, Sir Robert Willoughby Lord Brooke was appointed by 
Henry VII. to be marshal of the army. ; 

The title of Maréchal de France appears to have become a military 
dignity in that country in the time of Philip Augustus; and, according 
to Pére Daniel, the first person who held it was Henry Clement, the 
commander of the French army at the conquest of Anjou, in 1204, 
Originally there was but one Maréchal de France, but, in 1270, when 
the king, Saint Louis, went on his expedition to Africa, a second was 
appointed, Francis I. added a third; and the number has since been 
greatly increased. 

The maréchaux de camp, in the old French service, were charged 
with the duty of arranging the encampment and providing subsistence 
for the troops ; and in action they had the command of the wings, or 
of the reserve of an army, under the general-in-chief. From the title 
borne by this class of general officers is derived that of feld-marschall 
in the armies ; and from the latter title has arisen that which 
corresponds to it in the British service. 

The number of field-marshals in the British army is at present four, 

FIELD OF VIEW. [Te.escorr.] 

FI'ERI FA’CIAS, a judicial writ of execution issued on a judgment 
obtained in a personal action in |the queen’s courts. It is directed 
against the goods and chattels of the defendant, and is called a writ of 
i facias, from the words in it whereby the sheriff is commanded 
“quod fieri facias de bonis,” &c., that he cause to be made of the 
fone and chattels of the defendant the debt or sum required. 

Exxcurion.] It lies against privileged persons, as peers, &c., as well 
as other persons, and also against executors and administrators, so far 
as regards the goods of the deceased. 

This writ, like all other writs of execution, being founded upon the 
judgment, must strictly conform to, and be warranted by, the terms 
of the judgment, or it will be void. By virtue of this writ, the 
sheriff may sell the goods and chattels of the defendant till he has 
raised enough to satisfy the judgment and costs, as well of the suit 
as of the execution; and also to satisfy any rent due to the landlord 
of the premises where the goods may be at the time of the taking, not 
exceeding one year’s rent in the whole. If the judgment is not 
satisfied by the sale of the goods of the defendant, the plaintiff may 
have a capias ad satisfaciendum for the residue. [Capras.] 

The sheriff is not justified in breaking open any outer doors to 
execute this writ, but having peaceably obtained entrance, he may 
break open any inner door belonging to the defendant in order to 
obtain possession of the goods. The clothes which the defendant 
actually has on or in wearing cannot be taken, and royal palaces are 
pein against the sheriff’s intrusion for the purpose of levying 
upon the goods of a resident therein. 

Formerly it was necessary that writs of execution should bear teste 
or date, and be returnable in term time; but now, by stat. 3 & 4 
William IV., c. 67, they may be tested, that is, dated on the day when 


or indistinct to be seen at once - 


FIFE. 


issued, whether in term time or vacation, and may be made returnable 
immediately after the execution thereof. 

If a fieri facias is issued against a clergyman, and the sheriff returns 
that he has no goods upon which the am saege can be levied, but that 
the defendant is a beneficed clerk not having any lay fee, the plaintiff 
may sue out a “ fieri facias de bonis ecclesiasticis,” which is directed to 
the bishop of the diocese, or to the archbishop during the vacancy of 
the bishop's see, commanding him to make of the ecclesiastical goods 
and chattels of the defendant within his diocese the sum therein 
mentioned, It is tested and made returnable exactly in the same 
manner as a common fieri facias, and is executed by means of a 
Py emg issued by the of the diocese. [SzQursTRation. | 
(‘ Com.’ vy. iii, Dr. Kerr's Edition; Archbold, Q. B. Pract, vol. ii.) 

FIFE, a very small flute with never more than one key, and seldom 
that, giving acute piercing sounds, and used, together with the side 
drum, for mili poses, in marching, &c. It is an octave higher 
than the flute, in com comprises two octaves. Fifes are of 
three sizes, named by the letters a, B, and c. The first is the lowest; 
the last, which is that in common use, is the highest. 
FIFTEENTH, in Music, is the interval of the double octave. 


The fifteenth stop in organs is a range of metallic pipes, tuned two" 


octaves higher than the diapasons, 

FIFTH, an interval in music, and the most perfect of concords, the 
octave excepted. Its ratio is 3: 2, [Concornp; Harmony.] 

There are three kinds of Fifths; the Perfect Fifth, the Flat or 
Diminished Fifth (called also the Imperfect Fifth), and the Extreme 
Sharp or Superfluous Fifth. The first fe G) is composed of three 
whole tones and a semitone; the second (B, F) of two whole tones and 
two semitones; the third (c, ¢ g) of four whole tones. Ex. :— 
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FIFTH MONARCHY MEN, a sect of religionists, whose distin- 
ishing tenet was a belief in the coming of a fifth universal monarchy, 
of w Jesus Christ was to be the head, while the saints, under his 
rsonal sovereignty, should the earth. They appeared in 
towards the close of the Protectorate; and in 1660, a few 
months after the Restoration, they broke out into a serious tumult in 
London under their leader Venner, in which many of them lost their 
lives, some being killed by the military, and others afterwards executed. 
Several Fifth Monarchy Men also suffered death in 1662, on a charge 
(most probably unfounded) of having conspired to kill the king and 
the Duke of York, to seize the Tower, &c. They are the same who 
were sometimes called Millennarians, their notion being that the reign 
of Christ upon earth was to last for a thousand years. They seem, 
also, from the extravagance and violence of conduct into which they 
occasionally broke out, to have been confounded in the popular imagi- 
nation with the old Anabaptists of Miinster. [AnaBaprists.] 

FIG, the Ficus carica of botanists, is a small tree, with rough, lobed, 
deciduous leaves, naturally inhabiting the temperate parts of Asia, 
and now commonly cultivated in Europe for the sake of its fruit. 

In the fertile islands of the Mediterranean, in Spain, Italy, and 
Greece, and even so far north as the south of France, the fruit is so 
well ripened as to form a valuable article of exportation in a dried 
state. A thousand tons are annually imported into Great Britain 
alone. The fruit is grown with some success even in the southern and 
milder of England, but it is seldom found in the northern parts 
or in , except under It is only as an object of culti- 
vation in this country that we have to consider it in this place. 

The nomenclature of figs is in a greater state of confusion than that 
of most other fruits, and the descriptions of them generally so 
imperfect that the same kind is grown in different parts of the country 
under many different names; an account of their synonyms, as far as 
they have been determined, will be found in the Horticultural Society's 
Fruit Catalogue, ed. 2. : 

The following is a list of the best sorta :— 


Black Provence. Green Ischia. 
Large Blue. White Ischia. 
Brunswick. } i. Ischia, 
Blue Burgundy. Lee's Perpetual. 
Large wiaeeiiion ee hm oe 
w 02, | aples. 
Hamburg Brown. | White Naples. 
+ Black Ischia. Small Green. 
Brown Ischia. Brown Turkey. 
The best sorts for forcing are :— 
The me Forcing. Nerii. (This excellent sort 
Figue Blanche. will not bear a high tem- 
Early Forcing. perature.) 
Marseilles, Pregussata. 


The following kinds are recommended as a selection for a small 
garden, in the southern and midland counties of England :— 


Black Ischia, Tenge white Gence. 
Brown Turkey. 7 
wick. Small early White. —_ 
White Malta. : 
The following sorts have been recommended for a succession from 


August to in the south of England ;— 


wigene fe Sa see Ang, 7 


Murrey, or Brown, Naples 
Ford's Seedling . . 
Black Provence 


Yellow Ischia. . . 
Gavile Per = 


The most approved methods of 
layers or cuttings, and the gee wry 
because the plants at the end of the season 
to be planted out where they are intended to grow. 
from layers generally come into bearing the second year. 
- cpl pe ie en 
unnecessary ani trees 
ground should be well drained, and made from t 
three feet deep, with a mixture of 
dung. Miller remarks, that “ fig-trees 
well-flavoured fruit when growing upon ae ee 
Doe A An Se ance 9 ure eee Se top.” 

It was generally believed until a few years back that pruning was 
injusjous fp She Ser lst sepecence Saves eas ion to be unfounded, 
and that it is as tractable in this respect as other tree, _ 

The object to be always kept in view is to have a supply 
of fruit-bearing shoots, and for this purpose the old wood d be 
gradually cut away, and the young introduced to fill the 5 
created, Since the climate o: this country will not admit of two crops 
ught to maturity, as in other t 
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must depend —— upon the growth of the tree: if it be luxuriant, 


a contrary, effect is produced by horizontal . Mr, t 
recommends the branches to be trained in a downward direction as 
well as horizontally, and says, “The young wood ceases to g 
very early in the season, and thence acquires perfect ity, 
being trained close to the wall it is not so liable to be injured 


In many parts of the continent where the winter is very 
where the summer heat is sufficient to ri 
the trees are planted in rows and tent ta 
winter, and then covered with leaves, which protect 
severe frosts. Wall trees are nnnailed and bent down on 
within a few feet of the ground, and then protected in the same 


i enanuaer stick spruce fir 
n this coun’ e common practice is to yews, 
branches, or fern leaves amongst the branches of the fig upon the wall. 
Where ing can be used for protection which can conveniently 
removed in fine mild weather, it will be found of greater utility than 
having the branches covered up from the commencement of winter — 
until the end of spring. ; 
When the sows ate) prezed in, Che ibosder St hot hows ieee 
purpose of being forced, they are commonly trained to trellises ; and 
the treatment is precisely L 


dry 

su of water is given when they are in a state of growth. 

th fee Ay aay 
forcing 0! may nevertheless obtain 

trees sg vr them in a 

vinery. ey Baio 8 ied ipa mae to 

according as the fruit is wanted; and the temperature 

gradually increased from 50° to 65° or 70° Fahr. Some also 

of.a bottom heat, and recommend the pots to be plunged in 


or tan. - 
The fig-tree is very apt to throw off its fruit before it 
various methods have been suggested to prevent this. In th 
to insure a crop, a process termed caprification is resorted 
consists in placing among the cultivated figs branches of 
in which a kind of Cynips abounds. 
wild fruit, enters the others, brushing about 
pony niger ys fie fruit. eB orasagte, yaasuass | 
are chiefly filled with male flowers are presery 
among the green growing 
by insects to the flowers 
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FIGURATE NUMBERS. 


FILE MANUFACTURE. 
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the name of caprification has been given ; but although sanctioned by 
a practice, the date of which is lost in antiquity, it has been con- 
clusively proved by Professor Gasparrini that caprification produces 
no useful effect whatever upon the fig crop, and should be discontinued. 
(See ‘Journal of the Horticultural Society,’ vol. iii, in which the 
ubject is very fully discussed.) 

FIGURATE NUMBERS. [Numpers, APPELLATIONS or.] 

FIGURE (Geometry), a finite space, which has a boundary in every 
direction. The figure of a space is the notion we receive from observing 


its * 
FIG OF THE EARTH. [Gzopesy.] 
_ FIGURED BASE, in Music, is a line, or staff, written in the base 
_ clef, over the notes of which are placed figures representing certain 
chords. This is commonly called the thorough-base. [THorovcn- 


Base. 
whe base is fallen into disuse, though we are of opinion that 
it might still be beneficially employed in scores. But in a piano-forte 
‘or organ part, when the harmony or accompaniment is given fully in 
_ the treble staff, figures are not only superfluous, but perplexing and 


incorrect. 

_ FILBERT, the fruit of a variety of the hazelnut, or Corylus 

Avellana. ({Coryius.] The term was originally applied to those 
_ kinds of nuts which have very long husks, but owing to the number 

of varieties that have of late years been obtained, this distinction, 
which was never scientific, appears to be nearly disregarded, and nut 
and filbert are almost mymous terms, excepting that the wild 
uncultivated fruit, and doe varieties which most nearly approach it, 
are never called filberts. 

The best sorts are the following :— 

oo filbert, excellent bearer. 

White Albert, bad bearers. 
Cob-nut (Pearson's Prolific, ‘ Hort. Soc. Cat."), a very prolific 


Bond-nut. 
args masse Do 

square Downton. 
Northamptonshire, prolific, 

According to the most skilful cultivators, the soil on which the 
filbert succeeds best should consist of “a hazel loam of some depth, 
a a dry subsoil ;” but as this is not always found convenient, it 
be remarked that it is not essential to growth of the filbert, 


" 


and some even recommend a dry poorish soil. The ground should be 
freq dressed (at least once in two years), and a small quantity of 
_ manure ; woollen-rags are often used for this purpose with the 


should be in the 


eri earlier part of the season, in 
order the plants may be well rooted, and ready to plant either in 
@ nursery, where they are intended to remain, in the autumn. 


f 
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or 
are raised from suckers, these are y taken from the 
in the end of the season, and subjected to the same treat- 
it be desirable that the trees should be dwarf, 
recommended ; but if strong plants are 
m suckers; it is also said they fruit sooner 
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pruning depends in a great measure upon the object 
in view: if dwarf trees are Tine ae la; Mt or 
to about one foot and a half or two feet; if what 
‘riders be desirable, then the stem is cut much higher ; but 
is weak it is better to cut it near the ground, and leave it 
+ at the next year's pruning. Afterwards, wheA any 

7 ppearance at the Cae the stem, it should be 
and not allowed to draw the nourishment from the 


of the head, the chief ae ower to 
cutting away all superfluous shoots, keeping 
paisa ad’ tices along the free passage of 
There will be produced from the two and three years’ 
, Short twigs of six or nine inches in length, which 
many nuts the following year ; these should be 
shortened, aetign hog in tolerable quantity 
produced, cutting them clean out the following 
others in the same manner as those had been left 
Lindley’s Guide,’ &c.) 

other parts of Kent, the management of the 
than in any other part of this country; 
seem to suit its growth, 
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immense q London market. “That part of 
Kent where is a loam upon a dry sandy 
The t them where 


= Rey. W. Williamson advises every one to p! 
are a 


Ee 


: 
3 


after 


taken off, and that they may appear regular, a small hoop is- placed 
within the branches, to which the shoots are fastened at equal 
distances ; by this practice, two considerable advantages are gained, 
the trees grow more regular, and the middle of each is kept hollow so 
as to admit the influence of the sun and air: but this in a large 
plantation would be almost impossible, nor indeed is it necessary, 
though in private gardens, where regularity and neatness are almost 
essential, it ought to be practised. In the third year a shoot will 
spring from each bud; these are suffered to grow till the following 
autumn, or fourth year, when they are cut off nearly close to the 
original stem, and the leading shoot of the last year shortened two- 
thirds. In the fifth year several small shoots will arise from the base 
of the side-branches which were cut off the preceding year; these are 
produced from small buds, and would not have been emitted, had not 
the branches on which they are situated been shortened, the whole 
nourishment being carried to the upper part of the branch. 

“Tt is from these shoots that fruit is to be expected. These pro- 
ductive shoots will ina few years become very numerous, and many 
of them must be taken off, particularly the strongest, in order to 
encourage the production of the smaller ones; for those of the former 
year become so exhausted, that they generally decay ; but whether 
decayed or not, they are always cut out by the pruner, and a fresh 
supply must therefore be provided to produce the fruit in the 
succeeding year. The leading shoot is every year shortened two-thirds, 
or more, should the tree be weak; and the whole height of the 
branches is not allowed to exceed six feet. Every shoot that is left to 
produce fruit should also be tipped, which prevents the tree being 
exhausted by making wood at the end of the branch. It frequently 
happens that a strong shoot springs from the root; and should any of 
the first year’s or leading branches be decayed, or become unproductive 
of bearing wood, it will be advisable to cut that entirely away, and 
suffer the new shoot to supply its place, which afterwards is to be 
treated in the same way as is recommended for the others.” (* Hort, 
Trans.’ vol. iv.) 

Such, according to Mr, Williamson, is the method of cultivating the 
filbert in the far-famed grounds of Kent, by which thirty hundred- 
weight per acre has been grown on particular lands; at the same time 
he acknowledges that failures are by no means unfrequent, but he 
attributes this to the excessive productiveness of successful years. 

The filbert is a monecious plant, having its male organs in one 
flower and its female in another; and one modern writer, suspecting 
a want of male blossoms to be the cause of failure in particular 
seasons, suspended a quantity of the catkins of the common hazel over 
the female blossoms of some of his filberts, the result of which was a 
greater quantity of fruit than his trees had borne for many years. He 
then tried some with, and others without, the male flowers, when the 
former bore fruit, and the latter proved abortive, as he had anticipated. 
He therefore recommends unpruned hazels to be planted among the 
cultivated filberts, in order that impregnation may be effected. 

Great quantities of filberts are rendered useless by being attacked by 
the nut-weevil (Balaninus nucum), which perforates the nut in its 

oung state, and deposits its egg: in a few days the maggot is 
itched, and then fi upon the kernel. Some recommend the trees 
to be shaken in June or July, as this is the time when the insect 
makes its appearance, but no remedy is known which can be said to be 
effectual. 

Tn order to preserve filberts in a fresh and plump state, it is only 
necessary to prevent their parting with their moisture by evaporation. 
Burying them in heaps in the earth, putting them in earthen jars in 
a wine-cellar with a small quantity of salt dusted over them, covering 
them with dry sand, are all good plans, and many others equally 
efficient will suggest themselves. 

FILE MANUFACTURE. Files are steel tools having flat or curved 
surfaces so notched or serrated as to produce a series of fine teeth or 
cutting edges. They are indispensable for the working of most metallic 
and many other hard substances; and without their aid few articles of 
machinery could be produced. The use of the file must have preceded 
every step in the progress of finishing articles composed of iron and 
steel, in all cases where any intricacy of shape precluded the operation 
of grinding. In the first book of Samuel (chap. xiii. v. 21), the file is 
mentioned as the means of sharpening the mattocks, coulters, and 
other edged instruments of the Israelites; and it may be mentioned 
as a further proof of the antiquity of this tool, that in Homer's 
‘ Odyssey,’ Vulean is represented as using the hammer and file in 
fabricating the net in which he entangled Mars and Venus. 

Files always are, or should be, made of steel of superior quality ; as 
there are few instruments in which a defect in the metal is so com- 
pletely destructive of utility. An axe, saw, or almost any other cut- 
ting instrument, though of inferior metal, may be made to do its duty 
by repeated whetting; but for a bad file there is no remedy,—no 
process of restoration. If too soft, the teeth wear down quickly ; if 
too hard, they chip off. Steel for making files, being required to be 
of unusual hardness, is more highly converted than for other purposes, 
and is. sometimes said to be double converted. The very large files 
called smiths’ rubbers are generally forged immediately from the con- 
verted bars, which are, for convenience, made square while in the 
state of iron, Smaller files are forged from bars or rods which are 
wrought as nearly as may be to the required form and size by the 
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action of tilt-hammers, either from blistered bars or from ingots of 
cast ateel, These bars are cut into pieces suitable for making one file 
each, which are heated in a forge fire, and then wrought to the 
required shape on an anyil by two men : one of whom superintends the 
work, and is responsible for the goodness of the file, while the other 
acts as general assistant. Files being of many different shapes and 
sizes, a8 square, triangular, flat, round, and half-round in their cross 
section, and parallel or tapering more or less towards the end, and 
ranging from the minute watchmaker's files of an inch or two in 
length, to the ponderous rubber of two or three feet, there are of 
course many varieties in the forging process, The square and flat 
files are generally shaped by the hammer only ; but for those of a 

i or half-round section grooved bosses or dies of the required 
shape are attached to the anvil. Round files are made by means of 
the instrument known to smiths as a sewage, which may be compared 
to a pair of such dies, one of which is inverted upon the other to 
receive the blows of the hammer. The projecting tang by which the 
file is to be inserted in a wooden handle is formed at this time, and 
the manufacturer's mark is impressed with a steel punch. 

The next. operation is that of softening or annealing, to render the 
steel capable of being cut with the toothing instruments. The ordin 
mode of performing this operation is to pile the steel blanks loosely 
upon the bottom of a brick oven, and heat them with a fire kindled 
beneath and around them, the heat being regulated by dampers. 
When the fire has been maintained sufficiently long, the pile is 
smothered with ashes, every aperture by which air could enter the 
oven is carefully closed, and the whole is left to cool gradually. The 
access of air during the heating tends to the oxidation of the steel, 
and is consequently injurious: and on this account a more careful 
method of annealing is sometimes adopted, by means of a closely- 
ene box filled with sand, into the midst of which the blanks are 
plunged. 

After annealing, the surface of the metal must be rendered very 
smooth and even before cutting the teeth. This may be done either 
by stripping, or filing, first across, and afterwards'‘along the surface; or 
by grinding upon very large grindstones. The stripping process, 
which is tedious and laborious, was formerly in common use, and is 
still practised by some filemakers, especially in Lancashire, where 
excellent files are manufactured; but the other is now the most 
common method. 

The cutting of the teeth is usually performed by workmen mere 
astride upon a board or saddle-shaped seat, in front of a well-ligh 
bench, upon which is fixed a kind of small anvil. Laying the blank 
file across the anvil, the cutter secures it from moving by a strap 
which passes over each end and under his feet, like the stirrup of the 
shoemaker. He then takes in his left hand a very carefully ground 
chisel made of the best steel, and in his right a peculiarly shaped 
hammer, the handle of which is fixed at such an angle that the 
operator can, while making a blow, pull the hammer rather towards 
him. If the file be flat, or have one or more flat surfaces, the operator 
places the steel chisel upon it at a particular angle, and with one blow 
of the hammer cuts an indentation or furrow, completely across its 
face from side to side, but most commonly in an oblique direction ; 
the metal displaced by this operation is not taken away, but is thrown 
up in the form of a prominent angular ridge, with a sharp cutting 
edge, on one side of the furrow. He then moves the chisel a little, 
and by a second stroke cuts another precisely similar furrow parallel 
to, and at a very short distance from, the first; and thus proceeds, 
stroke by stroke, until the whole surface is furrowed, beginning at the 
point and ending at the tang-end, In the course of cutting, the file 
is gradually moved from the operator by relaxing the pressure of the 
strap from time to time. In this state, the file is said to be single-cut, 
or single-float ; and files so cut are used for brass and the softer metals, 
which are liable to clog a file of any other kind. For working iron and 
some other materials, double-cut, or cross-cut, files are used; in which 
the first row or series of cuts is crossed at an oblique angle by a 
second ; the effect of which is to convert the surface into a collection 
of very small angular teeth, admirably adapted for the abrasion of 
hard substances. In making cross-cut files, a fine file is gently passed 
over the first series of cuts or teeth to reduce the prominences to an 
even surface before the second set is cut. Files for wood are usually 
cut with a triangular pointed punch or chisel, instead of one with a 
flat edge; such files, as well as some of the deepest and coarsest cross- 
cuts, are called rasps. If the file be round or half-round, or have any 
curved surface, it is still cut with the same kind of tool; but asa 
straight-edged cutting tool can only make a short indentation upon 
a convex surface, it is necessary to go round the file by degrees, 
making several rows or ranges of minute euts contiguous to one 
another. 

In addition to variations in the form and arrangement of the teeth 
of files, their size varies extremely, The largest and coarsest smiths’ 
files are called rubbers ; and others, arranged in order of fineness, are 
technically known as rough, bastard, second-eut, smooth, and dead- 
smooth files, the latter producing so fine a surface when applied to 
— that the subsequent application of a burnisher is sufficient to 
polish it. 

In the art of file-cutting there are many points worthy of remark, 
The angle at which the cuts are made depends greatly on the purpose 


to which the file is to be applied, and is made an especial object of the 
cutter’s attention. The cut, too, is not a mere indentation, made with- 
out reference to form ; it is a 
production of which requires a ing tact in the B- 
ment both of the hammer and of the in Then, again, ‘ 
strict parallelism of the several cuts can only be about by — 
practised accuracy of hand ed eh Desc 0 tess gauge, 
other contrivance for regulating distance. 

several rows or cuts are SN ee ee 
that it is difficult to conceive them to Peeeed indy ont Se 
It is possible, in a half-round file 10 inches long, to 20,000 chisel- 
cuts, each produced by a distinct blow from a hammer; and files of 
that length are actually made single-cut, with 10,000 such indentations. 


The final process in the manufacture of files is the hardening of the 
steel, a ‘process in which different manufacturers vary in j ‘ 
There are differences, too, depending on the degree of os 
required. In the ordinary process of et Sen eee Se 
must be particularly observed: first, to the surface of the file ~ 
with some composition which, acting as a or apne , 
guard it from oxidation and scaling when to the action of 


fire, that the sharpness of the teeth may not be impaired, nor the sur- 
face rendered rough, which would cause it to in 
, to heat it very uniformly throughout to a 


water, in such a manner as to impart the of hardness, and 
to avoid the tendency to warping, eed ops 

matter. A mixture very commonly used for the first-mentioned 

pose consists of the grounds of prey Hs or the kind of flour, 
yeast, andcommon salt. The use of the grounds is to enable 


files to retain a greater quantity of salt, which fuses, and forms a pri 
tecting varnish when in the fire, The heating is usua ‘effected in an 


open fire of clean coke, the file, if small, being held by the end in 
a pair of tongs, and frequently withdrawn, to see that no beg So 
over-heated. The proper temperature is indicated Oi a 
colour. A kind of oven is sometimes used for large files, to facil 
the uniform application of heat, the oven being formed of : 
hardness, All files should be immersed quickly ; those of a flat, square, — 
triangular, ing pl into the 
water; while the half-round, ee perpendicular, should 
irection of the round side, to 


French file-makers were excited to great efforts to supply the 
ciency ; and these efforts are said to have resulted in the prod 
files of intense hardness, by dipping them into a composition of 
suet, hog’s lard, and arsenic. 

After hardening, the files are scoured with a brush dipped 
mixed with a little sand or coke-dust; then th 
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tine, and wrapped up in oiled brown paper for sale. 
ing, files are sometimes tested i them gen’ 
of hard steel, and also rubbing them gently from end to 
When files, otherwise of good quality, are reduced to a 
by wear, they are sometimes re-cut, the old teeth bine letel 
removed by grinding. Re-cut files are, of course, somewhat thinner : 
when first made, but in all other respects they may be equally good, | 
the process is properly conducted. Owing to the superior qa 
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ue as a ' 
and many are bought up for the purpose of converting them into 
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owing to the perfect uniformity of its stroke, make a deeper cut there 

than elsewhere ; whereas a workman who has been employed in the | 
trade from a boy can feel instantly when he arrives at any variation in — 
the quality or condition of the steel, and at once adapts the of 

his blow to it. The application of machinery to the toothing of — 
extremely fine-faced files seems conceivable however, because in su 

the set or direction of the teeth is a matter of much less jortance 

than perfect equality of surface, The double dead-cut | of i 
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French exhibit Seebii& Weastiful uniformity. of delineation: when 
examined a magnifier, aye no doubt seems to be entertained by 
many persons conversant wi e art. of their being cut by machinery 
of some sort. But although the French are so successful in the pro- 
: ee this exquisitely delicate cutting, they are not equally so in 


tion of the rougher sorts; and, consequently, English files 
are in high reputation in Paris, whither large quantities are regularly 
transmi As an example of minute but useless work, we ma; 
ad the Danish file sent to the Great Exhibition in 1851. It was 
) are, and weighed 10 Ibs,; the file-cuts on the surface repre- 
_ sented the royal arms, and views of several public buildings in Copen- 
Y It was hollow, and contained a nest of ten files, one within 
innermost being little more than an inch in length. Still 


ee among the many machines invented within 

ill illustrate the modes in which the cutting-action 
will also show that there are really machine-cut 
In 1856, a file-cutting ine, invented 
in Messrs. Hetherington’s works at Glasgow ; 
next year, five others had been added. The 
has been in the attainment of a proper 
Ww, so as to suit various qualities of steel, widths 
of cutting ; and also to accommodate the blow to 
ities of surface. These difficulties Mr. Ross has sought 
by an ingenious but very complex arrangement of mechanism 
to produce files of a medium degree of size and fineness. 
Preston and Macgregor’s machine, patented in 1858, there 
turned by a strap in the usual way; conical cams, fixed on 
raise and lower a hammer-head and spindle ; there are fixed 
the anvil block; the upper swage is fixed at the lower end 
le, and the lower swage between the guides; and thus 
the hammer are brought down vertically. The lift of 
hammer is varied by varying the distance between the cams on 
There is a chisel-holder with a ball-joint, and a spring for 
the holder in its place. There is a compensating move- 
ing the force of the blow. The file-blank is placed 

in the anvil. Messrs. Greenwood and Batley set up at 
in 1859, a file-cutting machine of French invention. The file, 
arrangement, is placed in a self-adjusting bed, capable of turn- 
any direction ; the chisel is fixed in a vertical slide, put in 
motion bya spring and cam and gives about a thousand blows in a 
i It is said to do about as much work as ten skilful file- 
cutters. This form of machine is also in operation in France and 
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~~ Files are among the articles which exemplify the importance of 
trade-marks. 


damages 

an it of the mark. This matter was adverted to by one 
of the jurors of the Paris Exhibition in 1855, in connection with 
the file-manufacture :—“ The fundamental obstacle to the growth of 
_ this branch of industry results from the custom adopted by almost all 
manufacturers of placing false marks on their produce. This deplor- 
able custom is due in part to the desire that unconscientious manu- 
fac convinced of their real inferiority, have to turn to their 
the resources of the best foreign manufacturers, acquired 
bya career of honesty and talent; it is encouraged by the retail 
_ dealers, who wish to keep manufacturers dependent on them, and to 
hinder the consumer from knowing the real marks of steel goods, 
facturers, short of capital, submit in this matter to the terms 
d to them by the dealers, renounce their individuality, and 
upon their goods such marks as the buyer chooses to order, and 
ito substitute the name of the retail dealer for their own. The 
ory of the steel trade ves that a skilful manufacturer, 

— wh - consecrates life to found the reputation of the trade-mark he 
_ has chosen, can leave in the sole ion of that mark a large 
fortune to his descendants. The government would, therefore, render 
‘skilful and conscientious manufacturers (the only ones that ought to 
_ be enco' an immense service in imposing upon each producer 
‘ n to place his own mark upon his manufactures.” It is 
probable that this mention of government interference was due to a 
‘Frenchman, with whom such a mode of settling trade difficulties is 
familiar. In reference to the file-manufacture, the chief piracies occur 
in ere English trade-marks are copied with unblushing 

of 


, wh 
a line of soldiers one behind the other. The term is com- 
alzo to designate a front and rear rank man together ; or 
1 the expression so many rank and file, when it means so many 

_ soldiers who are not officers or sergeants, 

_ FILE MARCHING, is where a line of soldiers, either in single or 
_ double rank, to the right or left, march in that direction ; each 
front and rear man then compose a file. 
_ FILIATION, ORDER OF. [Basrarpy.] 


hes 


FILLET, a flat rectangular moulding, of very frequent occurrence in 
architecture. It is used to terminate or divide other mouldings, as in 
the cavetto, which is surmounted with a fillet, and in the flutings of 
columns, which are divided by a fillet. The fillet is much used in 
entablatures. [CoLumn.] 

FILTER; FILTRATION. Filters may be ranked as of four kinds: 
those employed in straining various chemical liquids; those used for 
filtering water in small quantities for household use; those used on a 
large seale by the water companies ; and those used on shipboard for 
converting salt water into fresh. 

1. Chemical filters. The smaller kinds are strainers used in chemical 
operations for rendering fluids transparent by separating the suspended 
impurities which make them turbid; or for separating and washing 
the precipitates resulting from chemical analysis. They are usually 
made of unsized or blotting paper; and they are used either spread out 
upon cloth stretched on a wooden frame, or folded and placed in 
funnels, and having consequently the form of an inverted cone. They 
are either single or double, according to the purposes to which they 
are to be applied. [CHemican ANALYSIS. ] 

2, Household filters. Various forms of filter are employed for the 
purpose of filtering water, either for drinking or culinary purposes. 
These filters generally depend upon passing water through sand or 
small pebbles and charcoal. It is well known that the Thames water, 
though it contains but little saline matter in solution, is frequently 
turbid, owing to mechanical admixture of earthy matter; and these 
earthy matters, in the Thames and other kinds of river water, it is the 
purpose of filters to remove, so as to render the water, though not so 
agreeable as spring-water for drinking on account of its flatness, yet 
well adapted for other purposes. 

A considerable portion of the river-water of Paris is filtered in large 
establishments where it is employed. ‘The filters made use of are smnall 
boxes, many in number, lined with lead, open at top, and having at 
the bottom a layer of charcoal between two layers of sand. If the 
water is foul, the upper layer of sand requires to be renewed daily. At 
the Hétel Dieu the boxes are hermetically sealed, and the water is 
forced through the filtering layers by artificial pressure. 

A very simple water-filter may be made of a common garden-pot, 
or similar vessel, with a bottom pierced with holes. Fill the lower part 
with round pebbles, then place a layer of smaller pebbles, then coarse 
sand, and lastly a layer, three or four inches in depth, of well-made 
pounded charcoal. The water, in percolating through these various 
strata, loses nearly all its mechanical impurities. A still simpler filter 
may be formed of a layer of sponge pressed between two perforated 
plates. 

Murray's Self-cleansing Domestic Tubular Filter is soldered to the 
end of the service-pipe. The enlarged part of the pipe contains a 
perforated tube with several folds of flannel and linen wrapped round 
it. The smaller tap communicates only with the outer casing, so that ~ 
no water can reach it that has not passed through the filtering tube. 
The larger tap communicates with the interior of the tube; and by 
allowing it to run, the filter will cleanse itself. In Bird’s Hydrostatic 
Syphon Water Purifier, the filtration is performed in two inverted 
cones containing filtering media, situated in the cylinder. When used, 
the instrument is immersed in the water to be filtered, and the pipe 
uncoiled so as to hang with its stop-cock below the bottom of the 
instrument. On drawing out the air from the pipe, it acts as a syphon, 
and a stream of pure water flows. Foster's Pressure Filter, recom- 
mended for use by the Sanitary Board of Liverpool, consists of a 
porous stone, hollow in the inside, and contained in a metal jacket. 
This apparatus, when screwed into the service-pipe, causes the water, 
forced through the stone by the pressure of the main, to lose all its 
pollutions, and come out pure and clear, There are two taps, one of 
which draws the filtered water from the interior of the stone globe; 
the other the unfiltered from the exterior; and the apparatus is so 
arrangedj that the drawing of the unfiltered water cleanses the stone 
and increases its powers of filtration. 

Some of the filters recently made have for their object the main- 
tenance of a uniform pressure of the fluid upon the filtering surface by 
a self-acting contrivance, which admits the fluid from a reservoir just 
as fast as it passes off through the filter. On a small scale this may be 
done by inverting a bottle, filled with the liquid to be filtered, with its 

neck or mouth in the funnel or other vessel at the bottom of 
which the filtering materials are placed; so long as the fluid in the 
funnel is above the level of the mouth of the bottle, no fluid will flow 
from the bottle into the funnel, because no air can enter the bottle to 
take its place; but so soon as, by the process of filtration, the fluid in 
the funnel falls below the mouth of the bottle, air enters it, and con- 
sequently liquid flows out into the funnel until it rises high enough 
again to prevent the admission of air. In other cases, the admission of 
fluid to the filter is regufated by a ball-cock or valve connected with a 
float. In a few instances, hydrostatic or pneumatic pressure is em- 
ployed to increase the rapidity of filtration, by. closing the filtering 
cylinder, and forcing the fluid into it, either by a force-pump or by a 
pipe from an elevated cistern; by producing pressure by air or steam 
upon the surface of the fluid; or by occasioning a partial vacuum 
beneath the filter, in the vessel which receives the fluid after it has 
passed through it, When such pressure is applied, the water or other 
fluid is sometimes caused to ascend through the filtering materials, or 
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to pass through them horizontally, or in any 
some -filters, the action is coi ied of descent by gravity and 
ascent by hydrostatic pressure; by which arrangement the fluid may 
be compelled to pass through a great quantity of filtering material in a 
small space. In one form, the filtration is carried on without any 
exposure to the access of air; both the vessel into which the impure 
fluid is put, and that which receives it after filtration, being hermeti- 
cally closed. These two vessels are connected together by a small 
air-pipe, through which the air displaced from the lower vessel by the 
dropping of the fluid into it into the up easel to occupy 
the space which it has just vacated. The process therefore is conducted 
without the contact of any more air than the vessels contain at its 
commencement, and without the escape of any vapours from the fluid ; 
#0 that the most volatile liquids may be filtered without loss, and the 
injurious effects which in other cases might arise from the free ad- 
mission of air are avoided. 

In Ransome’s filter, patented in 1856, there is a cylindrical vessel,"at 
the bottom of which is a layer of coarse grit; above the grit is a layer 
of fine sand; and above this a slab of Ransome’s patent porous stone. 
In the middle of the porous slab is a hollow space containing a layer 
of charcoal. Above all these layers is a vessel for filtered water; and 
above and around this another for unfiltered. The impure water runs 
down to the bottom of the vessel, and then ascends through all the 
layers, leaving the impurities behind it. Filters of this kind are found 
to be more easily cleaned than those which act by descension. Ran- 
some’s patent stone has led to the production of a very small and 
simple filter, intended for troops, travellers, and emi ts. It consists 
of a small cylinder of porous stone, attached to a dise of wood; from 
which disc springs a short vulcanised india-rubber tube, with a mouth- 
piece. On placing the cylinder in unfiltered water, and drawing 
breath through the tube, water rises in a tolerable state of purity, and 
flows into the mouth. 

8. Filtering Beds.—The processes for filtering water on a large scale, 
as now adopted by the chief water-works companies, will best be treated 
in the article Water-Works. 

4, Freshening Sea-Water.—This important process, becoming every 
year more appreciated and more extensively adopted, belongs rather to 
distillation than to filtering; but it was referred from DistiLLeRy to 
this place, because many of the forms of apparatus employed comprise 
filtering as well as distilling arrangements. It may not at first sight 
appear evident how the saltness of sea-water can be removed by either 
of these processes. The explanation is found in the fact, that when- 
ever water is converted into steam at an ordinary temperature, vel 
few if any solid particles ascend with it. Salt, clay, sand, chacal: 
alkalies, and oxides, are almost wholly left behind in the vessel in 
which the water is treated; the vapour which passes off consisting of 
aqueous particles and a little atmospheric air. If clear water, dirty 
water, or sea-water-be placed in a common kettle on the fire, the steam 
that issues from the spout will be nearly alike in all three cases; it 
will be vapid and tasteless, but neither salt nor impure. The possi- 
bility of rendering sea-water drinkable is a question of very great im- 
portance to ship-owners, especially to the owners of emigrant and 
passenger ships, and to the royal navy; for, under present arrange- 
ments, a vast space and a vast number of tanks are necessary to contain 
fresh water enough for the wants of all the crew and passengers; and 
even if fresh when put on board, the water has a tendency to become 
foul by long keeping. The miseries suffered on ship-board by a defi- 
ciency of pure water are among the greatest to which passengers and 
crew are liable. 

All the many forms of apparatus invented for freshening sea-water 
are contrived with a view to making the best use of the fuel employed ; 
those which are most economical are most likely in the end to be 
adopted. Grant's apparatus, brought forward in 1849, is so contrived 
that the same fire employed for the cooking of the crew's provisions 
will distil sea-water contained in a vessel above it, at the rate of one 
gallon per man 2 day. The water becomes aerated, or mixed with 
sufficient atmospheric air to impart briskness to it, by agitation in the 
vessel. McBride's apparatus, patented in the same year, condenses the 
heated sea-water by a current of cold air, which gathers it into a 
condenser by means of a blowing or exhausting machine. Murdoch's 
apparatus comprises a pipe fitted in the top of the ship’s cooking 
boiler, and another perforated pipe to admit air; an exhausting 

sucks both the steam and the air down the pipe into a con- 
denser beneath, thereby effecting simultaneously the distilling and the 
aerating. In Ericsson's apparatus, when the sea-water has been con- 
verted into vapour, the steam passes into and through a space between 
two concentric vessels; the inner vessel is kept cool by the flow of cold 
water through it, and the outer one by the evaporative action of the 
atmosphere on a wet cloth wrapper; and the steam being thus placed 
between two cool surfaces, becomes condénsed into drinkable water. 
In Normandy and Fell’s apparatus, the arrangement is somewhat 
peculiar. There is a cylinder surrounded by a steam-jacket. The 
cylinder is divided internally into four channels or compartments by 
partitions. Hach of these compartments is turned up at one end, so as 
to allow the water to flow towards the other. The cylinder is con- 
nected at one end to a pipe with a condensing and aerating apparatus, 
contained within a closed tank; and at the other by a pipe with box, 
into which the water to be purified is first introduced, A pipe brings 


required direction. In 


‘solid from liquid matter, [CHrwican ANALyYsIs. 


steam from a boiler into the jacket, to heat the cylinder. 
water within the cylinder is made to flow 


The sea 
ments, by means of the partitions ; it gets heated as it goes,and throws 


off steam. This steam ee ees ee oe 
where it gets mixed with atmospheric air, is finally con « al 
coming in contact with the sides of the condenser, The steam Crs 
has been employed in heating the cylinder when condensed , 
drawn off by another pipe; although it is 
through not being aerated, it is still good enough 
residuum of the salt or impure water escapes 
Gravely's apparatus, patented in 1858, consists of 
and a carer al the latter a the former. ~ ny 
is corrugated, to increase the hea‘ surface, there is a 
economise the heat. A pipe mrt | i 
the boiler to near the top of the condenser; a 
and concentri¢e with this; and the between them 
Messrs. Gravely have recently paid much attention to 
wh render available as much as possible of the heat which in 
8 


great steam mail 
used in chemical 


FINA‘LE (Ital. Fi-nd-le), the concerted piece of music by which the 
acts of an opera conclude: the last movement of a symphony, con- 


certo, &c. 
FINANCE, [Tax; Taxattoy.] ‘ 
FINE OF LANDS, one of the modes of cones Sa and here- 
ditaments by matter of record. It was so called i aro oi 
not only to the actual suit of which it was the conclusion, but also to 
all other suits and controversies regimes: eo same matter. Divested 
of its technicalties, a fine may be d to be an amicable com- 
position or agreement of a suit, either actual or fictitious, by leave of 
the king or his justices, whereby the lands in question become, orare 
acknowledged to be, the right of one of the parties, _ a 4 
The note of the fine was read four times openly in the Court of 
Common Pleas, or as it was called, proclaimed, once in the term in 
which it was made, and once in each of the three succeeding terms, — 
during which all pleas ceased, and these proclamations were endorsed _ 
upon the record, A table of the fines levied in each county in ar z 
term was affixed in some open part of the Court of Common Pleas all 
the next term, and a copy of the same was given to the sheriff of ever ; 
county, who at the next assizes fixed the same in some open 
the court, for the more public notoriety of the fine. (BI. ‘Com, 
p. 351, Mr. Kerr's ed.) ~~. 
Of the effect of a Fine—A fine was a conveyance so effective that, 


bound not only those who were parties and privies to the fine, but all 
other persons whatsoever, unless they ht their action o 
lawful entry within five years after made, except 
women, infants, prisoners, beyond the seas, and such 


mind. Persons also who had not a present, ; 
only, as those in reversion or remainder, had five years allowed them to — 


c. 24, ' ie 
In order to make a fine of any avail at all, it was necessary that the 
parties should have some interest or estate of freehold in the lands to 
be affected by it. (BL ‘ Com.’ vol. ii. p. 358, Mr. Kerr's ed.) But it w 
not necessary that the freehold should be in either of the parties by ri 
and therefore when a fine was levied to en a title, 

uently considered necessary to make a feoffment, in order th 
old might be in one of them by disseisin. [Frorrment.] 1 
neither of the parties had interest at the time, although the fine — 
had no proper operation, yet it might take effect as between them by 
way of estoppel. [Esrorrxt.] eit Ae we 
fine was principally used as the mode of conveying the estates of - 
married women, and renouncing their right to dower, as a means of F 
barring estates tail, and remainders and reversions 5 tag other — 
estates, and also for the purpose of strengthening di e rh r 
By the 3 & 4 Will. 1V. c. 74, fines are abolished, and provision is 
made for the conveyance of the interest of married women in land, 
with the concurrence of their husbands, and after being examined to 
ascertain if they are acting voluntarily, by a deed to be ywledged 
in the Court of Common Pleas; and provision is also made for the 


_~ 


barring of estates tail by a deed enrolled : but no provision is made for | ; 
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enabling parties whose titles are defective to strengthen them by any 
means analogous to a fine and nonclaim, (2 Bl. ‘Com.’; Cruise, ‘On 


Fines. 

This mode of conveyance, which was in use from the earliest periods 
of English history of which we _— any authentic judicial records, 
has been recently abolished by the stat. 3 & 4 Wm. IV. c. 74 ;’ yet the 
rules by which it was governed form a very considerable branch of real 
ge seg and it is therefore desirable briefly to describe its nature 
and Fines were of four kinds :—1. A fine “ sur conusance de 
droit, come ceo qu’il ad de son done; ” that is, upon acknowledgment 
of the right of the cognizee, as that which he (one of the parties to the 
fine) had of the gift of the cognizor (the other party to the fine). This 
was the best and surest kind of fine, for thereby the cognizor (the per- 
son in ion, also called the deforciant from keeping the cognizee 
out of possession), in order to make good his covenant with the cog- 
nizee (the plaintiff), of conveying to him the lands in question, and at 
the same time to avoid the formality of an actual feoffment and livery, 
ackn in court a former feoffment, or gift in possession, to have 
been made by him to the plaintiff. This fine is therefore said to have 
been a feoffment of record, the livery thus acknowledged in court being 
equivalent to an actual livery; so that this conveyance was rather a 
confession of a former conveyance than a conveyance then originally 
made. 2. A fine “sur conusance de droit tantum,” or upon the acknow- 
ledgment of the right merely; and not with the circumstance of a 
preceding gift from the cognizor. This was commonly used to pass a 
reversionary interest; for of such there could be no feoffment with 


livery , as the possession during the preceding, or, as it is 
i called, particular estate, belonged to a third person. 
st woe kind = grain aoe this syed “ that 
cognizor wledges e right to be in cognizee, grants 
for himself and his heirs that the reversion after the particular estate 
determines shall go to the cognizee.” 3. A fine “ sur concessit,” which 
was where the cognizor, in order to make an end of disputes, though 
he acknowledged no precedent right, yet granted to the cognizee an 
estate usually for life, or for years, by way of supposed composition. 
And this might be done reserving a rent or the like, for it operated as 
a new grant. 4. A fine “sur done, grant, et render,” which was a 
double fine, comprehended the fine “sur conusance de droit come ceo,” 
&c., and the fine “sur concessit.” This might be used to create par- 
ticular limitations of estate, whereas the fine “sur conusance de droit 
come ceo,” &c., pearnet nothing but an absolute estate of inheritance, 
or at least of freehold. In this last species of fine, the cognizee, after 
the right was acknowledged to be in him, granted back again, or ren- 
eee oS copes, or perhaps to a stranger, some other estate in 
the i t in general, the first species of fine, “ sur conusance 
de droit come ceo,” &c., was the most used, as it conveyed a clear and 
absolute freehold, and gave the cognizee a seisin in law, without any 
actual livery, and it was therefore called a fine executed, whereas the 
others were but executory. . 

Fines of all four kinds were thus levied, to use the technical term: 
First, the party to whom the land was to be conveyed commenced an 
action or suit at law against the party who was to convey, by suing out 
a writ or cipe, called a writ of covenant. The action was founded 

Glen Tiron of a supposed agreement or covenant, that the one 
convey the lands to the other. On this writ a fine, called a 
fine, amounting to about one-tenth of the annual value of the 

became due to the king. The suit being thus commenced, then 
followed,—Secondly, the “ licentia concordandi,” or leave to compro- 
tise the suit, upon which also another fine, called the king’s silver, or 
sometimes the post fine, became due to the king, amounting to about 
three-twentieths of the annual value of the land. Thirdly, came the 
i i uired to be made either 


in the Court of Common Pleas or before the lord-chief-justice, 
or one of the judges of that court, or two or more commissioners in 
the county specially authorised; all of whom were bound by stat. 


care that the cognizors were of full age, sound 
ison. Ifa married woman was a cognizor she 
the parties before whom her acknowledgment 
it freely and willingly, or by compulsion of 
only way in which a married woman 
c terest in lands, 
By these several acts the essential parts of the fine were completed, 
i ill the fine might be carried on in all 
parts, of which the next was—Fourthly, the note of the 
of the writ of covenant and the 


18 Ed. I. 8. 4, to take 
of 


ies, day, Rove! and place, and before whom it was 
or levied. this indentures were made or at 
rs office, and delivered to the cognizor and the cog- 
nizee, usually beginning thus: “hme est finalis concordia” (“this 
is the final agreement”), and then reciting the whole proceeding at 


GER-BOARD, the whole range of keys, white and black, of a 


piano-forte or of an organ. 
FINGERING, in music, is the art of so applying the fingers to a 
‘musical instrument, the piano-forte and organ ially, as to accom- 
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plish the objects in view in the easiest and most effective manner. A 
proper notice of the art of fingering, accompanied by the necessary 
examples, would require many pages ; we shall therefore only remark 
in this place that, as a system, Clementi’s is the best that we are 
acquainted with; though some few modern improvements have been 
made in its details. 

FINIAL, a term used to designate the knob of foliage, or the floral 
ornament which crowns the apex of pinnacles, pediments, canopies, 
low spires, and occasionally gables, pointed dripstones, &c. in Gothic 
buildings. Formerly, pinnacles were frequently called finials, but the 
term is now limited to the top ornament. (Goratc ARcHrITECTURE.] 

FININGS. In brewing, and other manufacturing operations, a 
process of clarifying or clearing is required, for which some substance 
is employed under the name of fining. Some of these finings are made 
by the persons who are to use them; while others are purchased 
from the makers. Isinglass is made into finings by mixing it with 
beer or cyder, stirring until the isinglass is dissolved, straining through 
a sieve, and finally bringing it to a liquid state by mixing with the 
same kind of beverage as that which is to be fined. This is a fining 
much used by brewers. Distillers or rectifiers, in clarifying gin and 
cordials, use a fining com: of alum mixed either with carbonate of 
soda or salt of tartar and hot water. ” 

It is a disputed point whether finings are really necessary in well- 
brewed malt liquors in good condition. Mr. Cooley and Dr. Ure decide 
this in the negative. The former observes: “Good liquors, either 
fermented or spirituous, need no artificial fining, as they always clarify 
themselves by repose. With those, however, which are out of con- 
dition, or of inferior quality, it is often necessary; as without such a 

ing they remain unsaleable. This is particularly the case with 
malt liquors.” ‘‘ Attempts to clarify it in the cask,” says Ure, “ seldom 
fail todo harm. The only thing that can be used with advantage for 
fining foul or muddy beer is isinglass, The disadvantages resulting 
from the artificial clarification of fermented liquors are, that the liquors 
do not afterwards stand well on draught; that much of the conservative 
astringent matter which they contain is precipitated with the finings ; 
that their piquancy and flavour are more or less diminished ; and that 
they are more than usually liable to become flat and yapid, whether in 
cask or in bottle, The larger the proportion of finings used, the more 
marked are their injurious effects, and the shorter the interval which 
elapses before the accession of the several symptoms referred to. We 
have seen the most disastrous consequences follow the injudicious use 
of finings, more especially in respect to those liquors in which a certain 
amount of piquancy, astringency, and briskness is an essential condi- 
tion. In one instance which came under our notice, upwards of thirty 
barrels of ‘ underground,’ a very strong old ale, was thus reduced in 
value to less than one-third of its original cost; and in another, a large 
bottled stock of the finest old Burton was found to be utterly unsale- 
able. In both cases, the spoiled liquor was got rid of by mixing it in, 
and selling it with, 3d. and 4d, ale.” 

FINITE (in Mathematics), having a boundary, used as opposed to 
INFINITE. 

FIR, ECONOMICAL USES. In giving a brief notice of some of 
the remarkable and numerous uses of the fir-tree, we shall include at 
the same time the pine, which is so nearly allied to it as to have been 
placed by some botanists in the same genus. 

The timber of the fir and pine is, perhaps, all things considered, 
more generally useful than that of any other tree, It is far excelled in 
strength and toughness by the timber of the oak, elm, beech, &c.; but 
it is more easily worked, and is durable enough for a large number of 
purposes. Some kinds are useful for the masts of ships; others for 
parts of the hull; others for flooring-boards. What Michaux says of the 
use of the white pine in North America will serve as well as anything 
else to denote the wide range of usefulness possessed by this timber : 
“The ornamental work of the outer door, the cornices of apartments, 
and the mouldings of fire-places, all of which in America are elegantly 
wrought, are of this wood. It receives gilding well, and is therefore 
selected for looking-glasses and picture-frames. Carvers employ it 
exclusively for the images that adorn the bows of vessels, for which 
they prefer the kind called the pumpkin ping. At Boston, and in 
other towns of the Northern States, the inside of mahogany furniture 
and of trunks, the bottoms of Windsor-chairs of an inferior quality, 
water-pails, a great of the boxes used for packing goods, the 
shelves for shops, an endless variety of other objects, are made of 
white pine, In the district of Maine it is employed for barrels to 
contain salted fish, especially the kind called the sapling pine, which is of 
a stronger consistence. For the magnificent wooden bridges over the 
Schuylkill at Philadelphia, and the Delaware at Trenton, and for those 
which unite Cambridge and Charlestown with Boston, of which the 
first is 1500, and the second is 3000 feet in length, the white pine has 
been chosen for its durability. It serves exclusively for the masts of 
the numerous vessels constructed in the northern and middle states; 
and for this purpose it would be difficult to replace it in North 
America.” If Michaux had lived to the present day, he would not 
have failed to notice the vast use of pine and fir timber in railway 
construction. In the newly-cleared regions of America, and in many 
parts of Russia, corduroy roads, as they are called, are made of 
trunks of pine and fir, slightly dressed, and Jaid transversely to the 


length of the road, 
G 
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Chips of some kinds of pine contain much resin or pitch, which 
render them useful as flambeaux in countries where candles and lam 
ate too expensive for —— cottagers. In one or other of 
various kinds of pine and fir, all of the tree are made to render 
useful service. The fragments of wood yield fuel and charcoal; the 
ashes of the burnt roots, &c, furnish potash; the bark is useful in 
tanning; the buds and young shoots are made into spruce beer; the 

shoots mixed with corn are food for cattle, sheep, and horses, 
in some countries; the inner bark is made into baskets; the long and 
slender rootlets furnish a kind of tough twine; the outer bark is used 
in Lapland and Russia for covering and lining huts, and as floats for 
The food of man is not without a supply from the fir 
and The cones are sometimes used to flavour wine; the Lap- 
landers make a coarse bread-flour from the inner bark; the kernels of 
some species are eaten as a substitute for hazel nuts, and are used in 
confectionary as a substitute for almonds; the kernels of one 
yield much oil, useful both for food and for lamps; and the shells 
yield a rich dye. 

Besides all the above useful substances, there are others yielded by 
these trees, due chiefly to the sap or juices. Common turpentine, 
Venice turpentine, Strasburgh turpentine, black resin, yellow resin, 
tar, common pitch, Bargundy. pitch, lampblack—all are obtained, 
either from the living tree, or by the application of heat to the trunk 
and root when dead, 

FIRE. (Comepusrion; Heat.] 

i nfilade, Oblique, Plunging, Ricochet, Reverse, Slant, or 
Vertical), are terms applied to the fire of a battery, aceording to its 
direction with respect to the object fired at, 

Dirtes, akan th ts peepentionlit to the face of the work or line of 
troops fired at. 


Oblique, when it makes an angle with the front of the object fired at. 
Plunging, when it is from a position er than the object fired at. 
Ricochet, when enjilade is with small charges. [RicocueEr. 

Reverse, when it strikes the interior py ae oe ste or the rear of 
# line of troops, at an angle greater than S 
Slant, when it strikes interior slope of a parapet, or rear of a line 
of troops, at an é less than 30°. 

Vertical, when the shot, having been fired at an angle,of 45° or more, 
falls almost ndicularly. 

FIRE- . [AnMs; ARTILLERY. ] 

FIRE-BOTE. [Comon, Ricut or; Estovers.)} 

FIRE-DAMP. [Metuyt, hydride of.] 

FIRE-ENGINE, a term formerly plied to the steam-engine, but 
now confined to those machines which are employed to extinguish 
fires by throwing water from a jet upon the burning materials. 

There were various modes of extinguishing fires previous to the 
invention of the modern fire-engine. A term employed by Juvenal 
and Pliny expressive of some implement used in extin, fires 
has given tise to some discussion. This term is Hama, which some 
commentators describe as a water-vessel; but Holstein contends that 
it was a very large hook or grapple fixed at the end of a long 

le. Pliny the younger speaks also of pipes (siphones) being used 
to put out fires, A 18 appointed seven bands of firemen in 
Rome, each of which had the care of two divisions (regiones) of the 
city; each band had 4 captain (tribunus); and at the head of the 
whole body was the prefect of the watch (Prefectus Vigilum). With 
regard to such contrivances as might correctly comé under the 
denomination of machines, it appears that they originated with 
Ctesibius, a distinguished Greek mechanician, who lived in Egypt in 
the sey of Ptolemy Philadelphus. Hero, a pupil of Ctesibius, describes 
a sort of forcing-pump with two cylinders, employed for the purpose of 

ing fire, Apollodorus, architect to the Emperor Trajan, 
has left a description vf a machine consisting of leathern bottles 
with pipes attached to thein: when any bottle was squeezed, a jet 
of water flowed through the pipe, and was thus used to extinguish fires. 
Beckmann has found, in the accounts of many of the German towns, 
entries for the cost of machines, the existence of which would be 
very problematical without that evidence ; thus, in the b 
accounts of the city of Augsburg for 1518, fire-engines are men 
under the name of “ instruments of fire,” or “ water-syringes.” 

But the earliest account on which we can depend of a machine at 
all resembling those now in use is given by a Jesuit named 
Schott in 1657. This adeount related to a fire-engine made by Hautech, 
of Nuremberg. 
feet high, and 2 feet in width; and was drawn on a kind of sledge 
somewhat larger than the cistern. It was worked by 28 men, and a 
stream of water an inch in diameter was forced, by means of this 
engine, to an elevation of nearly 80 feet. Sehott supposed that it 
contained 4 horizontal cylinder, through which a piston worked, and 
thus produced 4 pump-like action. In 1699 the king of France gave 
a patent-right to Duperrier to construct fire-engines, under the name 

portable pumps, and to keep them (17 in 


of Lees. portatives, or 
number) in repair and working order. Twenty-three years afterwards, 


It consisted of a water-cistern about 8 feet long, 4 | ends. 
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eylinder and The on of leathern pipes was devised by 
two natives of Holland, both of whom were named Jan Vanderheide, 
predic any - jis 0 oe Five 
years after the invention, a -five " patent for privilege 
of those was to them ; and in 1695 sixty of them 


introduced the of construction has been nearly the samé in 
all of them, the points of difference peiatpelly 16 eee 
In ly one of the old engines, , on the con- 


fy 


the engine. Along the lower part runs a metallic pipe, 
water flows from the feed-pipe ». If a supply of 
obtained in this way, a cistern, ©, is filled by means 
the cistern and the interior 
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pumps contained within the 

Poseel is forced into the pipe F, connected with the leathern hose by 
which the propelled water is di to the proper point. «The two 
pumps are worked by a double lever connected with two long handles, 
¥ E E B, which are conveniently for being worked by several men. 
The working is aided by one or two men, who stand on a er 


near F, and throw their weight alternately on each side, hol 
handles oe At x, hs a a cock or 
regulating su of water e interior pipe 
pipe ». In fig. | ve agection through the 
chamber and one of pump-barrels. is the 
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horizontal , D, which opens by two branches into two Pp 
sytiodans Unmet whieh te osee oh Through thi elinder works the 
piston £, which is connected by the piston rod @ with a toothed-wheel 


at the up) ; to which wheel a motion is given by 
the pti red to which it is Seabed. Tis rte por Bil 


besides its communication with the air-vessel and the pump-barrel, is 
also open to another horizontal pipe #, which is connected at the other 
end with the feed-pipe shown in the former pe These commu- 
nications however are closed at different parts of the operation by two 
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valyes, one of which opens upwards from the pipe H to the pipe D; 
, and the other also upwards from p to the air-vessel a, At the point i 


Fig. 2. 
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cock, the handle of which is seen 
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upon the compression ; but as 
external air, 80 long will the 
us a continuous stream is insured, 
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third, one-fourth, or one-fifth of its original bulk, 
would be about 66, 99, or 132 feet 


Sock are the simple principles of the old fire engines. It need hardly 
SURE thet tengeotesiote have since been introduced in every part. 
_ Contrivances are now used for preventing mud and gravel from entering 

; Some engines, entirely of metal, have been 


ion of public establishments and large 
or tubes, usually sewn up at the side, are 
metallic rivets. Hochege nate date 
wing cotton tubes for engine-hose ; a machine 
do this at the rate of 1000 feet per day ; the 
the cost of leathern hose ; and if two concentric 

with caoutchouc-solution, they 
leather, and to require no oiling. 
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eb Fhe Ge drawn ap or connected with 
a re-engine of great power was made 
®. Docks some years ago, with working barrels t 
_ inches diameter ; it would throw a jet eighty feet high, when ed 


icularly. Many other fire-engines of + magnitude have 
nw ly ngin great magni 

Mr. Braidwood, superintendent of the London Fire Brigade Hstablish- 
ment, read a paper before the Society of Arts, in 1856, in which he 
said :—‘ The description of fire-engines found to answer best in the 
metropolis are those with 7-inch barrels and 8-inch stroke, throwing, 
at the ordinary rate of working, about 90 gallons of water per minute. 
Tf a larger engine is thought desirable, two of these can be easily 
joined together in one stream, giving 180 gallons per minute. This 
size is preferred, because the weight, with hose, implements, firemen, 
and driver, is about 30 ewt., which is as much as two fast horses can 
manage for a distance undersix miles. It is not often that the engines 
are required to travel further than this; when they are, four horses 
are used. For some years past, a hand-pump has mn carried with 
each engine; they having been found of the greatest service in keeping 
doors, windows, &c., cool. They throw from 6 to 8 gallons per minute, 
to a height of 30 or 40 feet, and can be used in any position. The 
idea of these hand-pumps was taken from the old-fashioned squirt or 
hand-engine.” 

Down to the year 1825 all the Fire Insurance Companies of London 
had their separate establishments of fire-engines ; but in that year the 
Sun, the Union, and the Royal Exchange Companies joined their fire- 
engine establishments, which were under one superintendence. 
Soon the Atlas and the Phenix Companies joined the 
association. The advantage of this combined system of action havin; 
been proved, most of the remaining companies joined in 1833, fo | 
feirnek a new association, which was to be managed by a committee, 
formed by one member from each of the associated companies, London 
was divided into a certain number of districts, in each of which were 
two or more stations provided with engines. The plan has worked 
well: more companies have joined the association; and it is found 
that all are benefited. The firemen are formed into a corps, called the 
Jire-brigade, which is under the efficient control of Mr. Braidwood, 
as superintendent. The men are clothed in a uniform, with stout 
helmets; and a certain number of them at each station are read 
at all hours of day or night. Each company pays its quota towanda 
the expenses of the fire-engine establishment. A very marked im- 
provement has resulted in the capability and working of the engines. 
It may here be observed that, in by-gone years, the parishes -of 
London ided fire-engines, under the compulsory provisions of two 
Acts passed in 1768 and 1778. About 300 of these small parish- 
engines still exist, but they render very little assistance at fires; it is 
found that the insurance companies, with their well-organised brigade, 
manage the business much better. The brigade now possesses about 80 
large engines, and 10 or 12 smaller drawn by hand. It has a well- 
drilled staff of upwards of a hundred engineers, vgrteiy 7002. firemen, 
and drivers. There are about twenty stations in the Metropolis, each 
with one to four engines, and a proportionate staff. 

The remarkable aptness and celerity of the men composing the 
London Fire Brigade enable them to render an amount of service 
truly surprising. The police, cabmen, and poor persons out at night, 
are always ready to give notice at the engine-stations when a fire occurs 
—since they receive a fee for so doing; and thus the n inte}li- 

is conveyed as quickly as in continental cities, where there are 
night-watchmen on elevated buildings to look out for fires. When the 
superintendent or foreman at any one of the twenty engine stations 
hears of the locality of a fire, five minutes’ time is deemed sufficient to 
horse and away. Each of the large engines carries an engineer, four 
firemen, and a driver, besides the following apparatus : — several 
lengths of scaling-ladder, each 64 feet long, all of which may be readily 
connected end to end, forming in a short space of time a ladder of any 
required height; a canvas sheet, with 10 or 12 handles of rope round 
the edge of it, to serve as a fire-escape; one 10-fathom and one 
14-fathom piece of 24 inch rope ; six lengths of hose or leathern water- 
pipe, each 40 feet long; two branch-pipes, one 24 feet, and the other 
4 or 5 feet long, with a spare nose-pipe ; two 6-feet lengths of suction- 
pipe; a flat rose, stand-cock, goose-neck, dam-board, boat-hook, saw, 
shovel, mattock, pole-axe, serew-wrench, crow-bar, portable cistern, two 
dog-tails, two balls of strips of sheepskin, two balls of small cord, 
instruments for opening the fire-plugs, and keys for turning the stop- 
cocks of the water-mains—the whole, with the men and the engine, 
weighing nearly 30 ewt. 

On the Continent, and in America, the fire-engines are not aged, 
as in England, by fire-insurance companies ; it is with them more of a 
government affair. In Paris, there are seven times as many firemen 
(sapewrs-pompiers) as in London, notwithstanding tthe smaller area and 
population; and yet the by-standers are compelled by law to aid in 
working the engines. In the United States, fire-companies of volun- 
teers are formed in many of the towns ; the members receive, not my 
but certain immunities from taxation and militia service. e 
annual parade-day of these companies is quite a féte, to which the fire- 
companies of other towns are invited, and at which competition trials 
of engines are made. Each company wears its own distinct uniform. 
Sometimes 36 companies of 50 men each have met. The prizes are 
usually awarded to the firemen of those engines which discharge a jet 
of water tothe greatest height; in recent years a height of no less than 
150 feet has been reached, by an engine with 10-inch cylinder. D: 
the continuance of the Paris Exhibition in 1855, the engine-makers o: 
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A few words must be said concerning the steam fire-engine. This 
was first employed ata fire at the Argyll Rooms, in London, in 1830, 
and displayed great power in throwing the water ——- the building. 
The furnace and boiler of this engine were similar to those of the 
‘ Novelty,’ a locomotive engine constructed by the same engineer for 
railway traffic. The pipe by which the water was jetted turned on a 
swivel, by which means the stream could be directed to any quarter. 
The cylinders were placed horizontally, and the steam-piston was con- 
nected with the water-pump plunger by a rod working through two 
stuffing boxes. This engine, the total weight of which did not exceed 
45 ewt., consumed 3 bushels of coals in 5 hours, by which expenditure 
it was enabled to throw out from 30 to 40 tons of water per hour, 
which it propelled to a height of upwards of 80 feet, and on one occa- 
sion to 90 feet. Another engine, on the same construction, by Mr. 
Braithwaite, possessed 10-horse power (the former being about 6), and 
ejected the enormous quantity of 90 tons of water per hour. In 1832 


a steam fire-engine was made for the king of Prussia by the same 


engineer, in which the steam could be got up in 20 minutes to a 
pressure of 70]bs. on the square inch. is engine ejected the water 
through a pipe 1} inch in diameter to the height of 115 or 120 feet : 
the number of strokes of the piston was 18 per minute, and the body 
of water ejected about 1} ton in that time. The power of steam was 
likewise applied to a floating fire-engine by Mr. Braithwaite, the 
machinery of which is so constructed, that the power of the engine can 
be at once c from propelling the vessel to working the pumps, and 
thus do double duty. The London Fire Brigade Committee have 
recenily turned their attention to this subject. Their first attempt 
was to alter a floating fire-engine which had been worked by manual 
power; and this was so well done, that the engine poured out 700 
gallons per minute under a pressure of 70 or 80 1b. on the square inch. 
Another was thereupon constructed capable of throwing 1400 gallons per 
minute, and of moving at the rate of eight miles an hour, when pro- 
pelled by the reaction of two jets 10 inches in diameter, driven by one 
of Appold’s pumps. The vessel built for these engines is 130 feet 
long, with pumps and engines placed on the starboard and larboard 
sides of the midships. At Cincinnati large steam fire-engines have 
been for some years used; and the good service they render ly 
induced the London companies to revive and improve upon the old 
invention of Braithwaite. Competition trials of steam fire-engines 
have taken place in New York; one of them is said, at an extensive 
fire, to have poured out 15,000 barrels of water in 84 hours. Messrs. 
Shand and Mason have recently produced a new steam fire-engine in 
London, for use on land. 

FIRE-ESCAPE. Numerous contrivances have been brought under 
public notice from time to time for saving the lives of persons who 
may be in a building while it is burning. Mr. Maseres devised a kind 
of chair of straps, by which a person could lower himself from a 
window. Mr. Davis, in 1809, proposed the use of three ladders, 
which might draw out like a telescope, and might reach from the 
ground to the upper windows of a house. Mr. Young, in 1813, con- 
trived a sort of rope-ladder, with iron rounds of very flexible con- 
struction. Mr, Braby, in 1816, invented a sort of long pole, down 
which a car or chair might travel from a window to the ground. 
Mr. Witty, in 1820, introduced a sort of bag or case, which may be 
lowered from the sill of a window by ropes governed by a person 
seated in the bag. About 1835, Mr. Ford recommended the use of a 
long pole, at the upper end of which is tackle for lowering persons 
from a window; and soon after, Mr. Me: eather contrived a series 
of short ladders, which fit on to each er end to end, and can be 
elevated to a considerable height quickly. 

But the fire-escape which come most into use in London is a 
wheel-carriage supporting a lofty canvas shoot or trunk, attached to a 
ladder or frame; when placed up against a house, a person can get 
into this trunk from a window, and slide safely down to the bottom, 
with the aid of some ingenious mechanism attached to the frame. 
Many such machines are keptin public places in London during the 


night, attended by men whose business it is to wheel the machines to’ 


any spot where life is endangered by fire, and to work the machines. 
A Report was presented to the city corporation in 1840 from the 
lice commissioners, descriptive of thirty plans for fire-escapes, which 
had been proposed by different parties. They were of three classes :-— 
1st. Machines intended for domestic use only, to be resorted to by 
inmates of houses in cases of fire; 2nd. Machines to be used from the 
outside, and made to combine the security of property with the pro- 
tection of persons; 3rd. Machines exclusively for the protection of life 
from fire, to be used out of doors under the responsible direction 
of the police. Among the thirty were Davis's effective but rather 
ponderous machine ; Wivell’s, with the canvas trunk; and Gregory's 
iding ladders on a carriage. It was considered that, whichever may 
be the best form in wide thoroughfares, the common fire-ladders 
carried with the engines of the London Brigade are the most generally 
useful in courts and confined situations, A suggestion was made in 
1858, that it would be a good plan if in every house was kept a strong 
board with a hand-rail, and a hook at each end; by hanging one end 
outside the window cf a burning house, and the other to the window of 


an adjoining house, a temporary bridge or balcony might be formed. 
Independent of other difficulties, however, there would always be the 
uncertainty of such a contrivance being in the right place at the right 
time, Another suggestion has been made, that each street or group of 
houses should a wire basket; that there should be a 

fixed at the top of every house-front, projecting two feet; and that 
the police should be provided with some kind of rocket to send a rope 
over the bracket, and thereby haul up the basket. A third suggestion, 
of recent date, is that of Mr. Meakin; he proposes to fix two 

to strong hooks in the front wall of a house, to raise a kind of 

on these ropes by means of pulleys, and then to govern the descent of 
the same cradle by the same ropes and pulleys. 

None of the modern suggestions, however, as remarked above, are 
regarded as of equal value with the long ladder and canvas bag, used 
by the Society for the Protection of Life from Fire. The services 
rendered by this society can best be shown in reference to the nature 
and extent of London fires. Mr. Fothergill, of the Westminster 
Insurance Office, read a paper before the itute of Actuaries in 
1857, in which he presented a tabular view of all the London fires 
for twenty-four years, from 1833 to 1856, His object was to ascertain, 
if possible, the relative intensities of the causes of fire in each par- 


annual fires by the London Fire Brigade Establishment in some way 
much thwarted by the fact that two-thirds of all fires are attributed 
in London, or 742 per year on an average, or about 2 per day. Of 


these, in about 4 per cent. the premises were “ totally destroyed ;” 
30 per cent. “much damaged ;” and 66 per cent. “slightly damaged.” 
Among the assigned causes of the accidents, some of the most 
peculiar were “ thawing water-pipes"—“ bottle of whiskey burst”— 
“ sealing a letter ”"—“ frying fish "—and “ hunting bugs.” extent 
of the insurance principle may be illustrated in reference to — 
1856, when there were 1115 fires in London; of these, 318 the 
buildings and contents insured, 106 the buildings only insured, 344 
the contents only insured, and 347 wholly uninsured. 

The society above named has provided fire-escapes in various parts 
of the metropolis. The operations first commenced in 1836, since 
which time fire-escapes have been established in new districts every 
year. There are’ now upwards of 70, situated about half-a-mile — 
each ‘attended throughout the night by a conductor. Of the 


society's fire-escapes, and 57 lives saved by their means. At one of 
these fires one man saved no fewer than 9 lives. In the year 
(1857) the society’s men saved 73 lives; and in the whole od of 
operations 497,—a useful work for a society —— no basis 
than that of private subscriptions. The society 

following description of the fire-escape employed, with sundry improve- 
ments lately introduced : “The main ladder reaches from 30 to 35 
feet, and can instantly be applied to most second-floor windows 
means of the carriage-lever. The upper ladder folds over the n 
ladder, and is raised easily into — by a rope attached to its lever- 
irons on either side of the main ladder; or, as recently adopted in one 
or two of the escapes, by an arrangement of pulleys in lieu of the lever- 
irons. The short ladder, for first-floors, fits in under the carriage, and 
is of the greatest service. Under the whole length of the main ladder 
is a canvas trough or bagging made of stout sail-cloth, erasing by an 
outer trough of copper-wire net, leaving sufficient room between for the 
yielding of the canvas in a person's descent. The addition of the copper- 
wire is a great improvement; as, although not affording an entire pro- 
tection against the canvas failing, it in most cases avails, and prevents 
the possibility of any one falling through. The soaking of the canvas 
in alum and other solutions is also attended to; but this, while pre- 
venting its flaming, cannot remove the risk of accident from the fire 
charring the canvas. The available height of these escapes is about 
45 feet; but some of them carry a short oF bg orien ladder, which 
can be readily fixed at the top, and which increases the length to 
50 feet.” 

FIRE, GREEK, an invention of the middle ages which was often 
employed in the wars of the Christians and Saracens. This subject 
has given rise to much ease! and excited much discussion; the 
obscurity by which it is enveloped has been greatly increased by many 
causes, and especially by the love of the marvellous. 

According to Gibbon the deliverance of Constantinople in the sieges 
of the 7th and 8th centuries “may be chiefly ascribed to the novelty, 
the terrors, and the real efficacy of the Greek fire. The important 
secret of compounding and directing this artificial flame was imported 
by Callinicus, a native of Heliopolis in Syria, who deserted from the 
service of the caliph to that of the emperor.” 

It is justly observed by Gibbon (‘ Dec, and Fall, ch. 52), that “the 
historian who umes to analyse this i composition 
should suspect his own ignorance and that of his Byzantine guides, 
so prone to the marvellous, so careless, and in this instance so 
jealous,of the truth. From their obscure and perhaps fallacious hints, 
it should seem that the print ingredient of the Greek fire was 
naphtha, or liquid bitumen, a light, tenacious, and inflammable oil 
which springs from the earth, and catches fire as soon as it comes 
in contact with the air, The naphtha was mingled, 1 know not by 


ticular trade or occupation ; with a view of rendering the return of — 
useful to the office-inspectors and surveyors of risks. His labours were 
to “causes unknown.” In those 24 years there had been 17,816 fires” 


published the 


number of fires (1114) in 1858, more than 500 were attended bythe 
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safely be trusted w! 
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what method or in what proportion, with sulphur and with the pitch 
that is extracted from evergreen firs.” One of the properties here 
stated to belong to naphtha is well known to be, and indeed is, 
obviously incorrectly ascribed to it; if it were spontaneously inflam- 
mable it could not even be collected, and of course could not be 
mixed with the® other ingredients which are named. Whatever may 
] been the precise nature of the mixture, the account of its 
effects, from which somewhat of the marvellous must be deducted, is 
thus strikingly portrayed by Gibbon: “From this mixture, which 
produced a thick smoke and a loud explosion, proceeded a fierce and 
obstinate flame, which not only rose in perpendicular ascent, but like- 
wise burnt with equal vehemence in descent or lateral progress; instead 
of being extinguished, it was nourished and quickened by the element 
of water; and sand, urine, or vin were the only remedies that 
~oyi het fury of this powerful agent, which was justly denomi- 
by the Greeks the liquid or the maritime fire. For the annoy- 
ance of the enemy, it was employed with equal effect by sea and by 
land, in battles or in sieges. It was either poured from the ramparts 
in or launched in red-hot balls of stone and iron, or 
and javelins, twisted round with flax and tow which 
had ly imbibed the inflammable oil. Sometimes it was deposited 
ips, the victims and instruments of a more ample revenge, and 

was most commonly blown through long tubes of copper, which were 
planted on the prow of a galley, and fancifully shaped into the mouths 
of savage monsters, that seemed to vomit a stream of liquid and con- 
fire.” According to Gibbon, the secret of the Greek fire was 
confined above 400 years to the Romans of the east; it was at length 
either discovered or stolen by the Mohammedans, and in the holy wars 
of Syria and they retorted an invention contrived against them- 
selves on the of the Christians. The feu Grégeois, as it is styled 
the more early of the French writers, is thus described by Joinville : 
flying through the air, like a winged long-tailed dragon, 
about the thickness of a hogshead, with a report of thunder and the 
ee ene: and the darkness of the night was dispelled by 
this deadly illumination.” The use of Greek fire was continued to the 
middle of the 14th century, when the more efficient employment of 
ne bale was substituted. When Ypres was besieged by the Bishop 
of Norwich in 1383, the garrison defended itself with Greek fire. Ina 
curious on the subject of Greek fire by the late Dr. MacCulloch 
( it Wak, Joureal, vol. xiy.), he remarks that very different things 
were known 


means and combustibles ar pt to have been essentially different. 
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entirely, even by the most theoretically or practically incombustible 
construction ; and that consequently it is n , not only to observe 
the recaitions against the destruction by fire of goods kept 
in such but also to guard against the effects of extraordi 
heat the really incombustible materials of which the buildings 
saadeiees are formed. In the following notice, therefore, a description 
will be given of the materials which are the most fitted for the erection 
of fireproof buildings ; and attention will subsidiarily be called to the 
and inconveniences to which ee exposed in actual practice. 
conditions required to be by the materials to be em- 
in the erection of fireproof buildings are, that they should not 
: be unable to burn under the action of ordinary heat; but that 
they should also be, as far as possible, non-conductors of heat ; that 
not expand or contract in a marked degree under the 
of temperature, and that they should neither be 
exposed to fuse, nor to chemical decomposition, when submitted 
Of course all woods are excluded from the class 
incombustible materials ; but it must be evident, from the enume- 
ration of the conditions those materials are required to fulfil, that the 
plasters, cements, limes, some varieties of bricks, and stones, cannot 
hen they are likely to be exposed to great heats ; 
the metals are equally objectionable, because they not only 
transmit heat and alter greatly in their dimensions, but also 
because sudden great of tem affect their powers 
of resistance, and even occasionally cause them to change their form 
rey et and limes used in building owe their strength 
: adhesion originally produced by the svlidification 
which takes place in the course of their hydration, and is subsequently 
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increased by the ion of carbonic or sulphuric acid gas 
_ from the A very low temperature, comparatively, will 
‘ suffice to destroy this state of combination, and to drive off both the 


bewaagpbyraedes ne armen to such an extent as to destroy 
4 cohesion of the mass, It is for this reason that the French plaster 
floors, or the English concrete floors (whether made with a lime or a 
cement base), are not able to resist the effects of great fires, although 
ee mensions to renee Settee Sveliings proctically repro; 
for the same reason, brick vaulting itself is not entirely to be 
relied when the area it covers is great, and there may be large 
quantities of combustible materials stored beneath it. Of the building 
stones, it would appear that the sandstones are more adapted for the 
eo aay of construction than the limestones, because the 
become ned under t heats; nevertheless, both limestones 

and sandstones are injuriously affected, both by the fire and by the 


water which is so profusely used on the occasions referred to. The 
sudden contractions produced by the application of cold water cause 
even granites themselves, about the most infusible of building materials, 
to fly, as workmen say, or to crack; and the same danger exists 
wherever metals are employed, even in a greater degree than when the 
less rapidly conducting materials are used. 

Tt follows, from these considerations, that the security offered by 
any system of fireproof constructions must depend greatly upon the 
extent of the conflagration which may take place in them. As a fire- 
proof building ought to be without any communication with sur- 
rounding buildings, and to have very small openings to the air in the 
majority of cases, it really acts in the manner of a retort upon the 
goods which may happen to be in combustion in its interior. It there- 
fore is essential that the cubical capacity of any isolated incombustible 
compartment or building should not be large enough to allow a fire to 
take place which should be able to destroy the physical properties of 
the building materials employed; and it is to the neglect of this 
simple precaution that we may attribute the fact that whenever a fire 
does take place amongst the goods stored in incombustible buildings, 
the destruction of the goods themselves is entire, and that the stability 
of the building is so ra to be compromised. Some goods, such as 
cotton, wool, &c., are liable to spontaneous combustion; and if such 
goods should be stored in large quantities in one building, the security 
afforded by the supposed fireproof character of the materials of the 
latter will too often be found to be fallacious. Some of the most 
destructive fires have actually taken place in fireproof buildings ; and 
nothing can be more striking than to observe the unaccountable changes 
of form produced in the iron, stone, or brick, exposed to the action of 
large masses of incandescent materials thus enclosed. Cast iron appears 
to be far more injuriously affected in these cases than wrought iron, 
especially when it is likely to be suddenly chilled by the cold water 
pumped upon the burning goods. Wrought iron, however, loses its 
elasticity when heated, and is e to change its form under the 
action of loads it would otherwise have easily supported. 

These remarks apply ially to warehouses; but in ordinary 
house or shop construction it rarely happens that a sufficient quantity 
of goods is contained in any one compartment of the building to entail 
any extraordinary danger. If, therefore, the walls of such houses be built 
of good brick or stone; if iron be used instead of wood for girders, 
lintels, bressummers, &c.; if the roof be entirely of metal, and the 
floors of either brick-work, tiles in cement, stone landings, or of plaster 
or concrete ; the houses will be, for all practical purposes, fireproof. 
These materials are, however, all of them good conductors of heat ; and, 
as such, they require, in dwellings, to be covered with wood, or some 
other material which should be able to obviate the unpleasant feeling 
produced by their being exposed. The danger of the combustion of 
such woodwork may be materially diminished by the application of a 
soluble glass to all the exposed surfaces; and care should be taken 
that none of the wood runs so far into the solid walls as to affect their 
stability, either in consequence of its being burnt out, or on account 
of the chemical changes produced by the heat. The resinous woods 
being more rapidly inflammable than oak, or the harder woods, such 
as mahogany, teak, rosewood, &c., are less fitted for the purposes of 
lining fireproof structures than are the latter; and it is perhaps on 
account of the general use of oak floors in Paris that so few fires occur 
in that town, in comparison with those which occur in London, where 
fir floors are almost exclusively used. It may be added, that one of the 
greatest sources of danger in ordinary house building arises from the 
use of wooden staircases, which serve to conduct the fire from one floor 
to another. As a general rule, moreover, it will be found that the 
thickness of party walls which is requisite to ensure the statical 
stability of a building will be sufficient to prevent the communication 
of any ordinary fire from one house to another ; provided always that 
no timbers be allowed to be inserted in such walls, or at least that 
solid non-combustible materials of at least nine inches in thickness 
shall always be Ce between the ends of the timbers thus let in. 
Great care should be taken, when artificial methods of warming are 
adopted, to isolate the timbers or joiners’ work from the pipes or 
passages by which the heat is distributed ; for the effect of the proximity 
of wood-work to such heat passages is to dessicate the wood thoroughly, 
and to render it highly inflammable. The same remark would of 
course apply, mutatis mutandis, to the combustion of gas near wood- 
work; and it is desirable in all these cases that a sufficient non- 
conducting cushion of air should be, as it were, interposed between the 
source of heat and the wood-work. 

FIREPROOFING. In this article we shall briefly describe three 
modes of shielding combustible articles from the ravages of fire, under 
the sub-headings Fireproof Repositories, Fireproof Woodwork, and Fire- 
proof Textile Goods. 

i »f Repositories.—By this we do not mean houses or buildings, 
rendered fireproof by peculiar modes of construction; these are treated 
in another article. [Frtrerroor Buriprnes.] We speak of iron cham- 
bers, coffers, or boxes, for containing valuable property. It was not 
until the present century that such receptacles were regularly and 
systematically made. A few may have been constructed as special 
examples of ingenuity; but the manufacture had not yet become a 
regular branch of trade. The old treasure-receptacles were oak chests, 
secured by one or more locks, or brick or stone closets, with wooden 
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doors studded with nails, and fastened by locks, or staples and padlocks. 
The crown jewels of Sovtland were placed in a strong oak chest in the 
year 1707; it had three locks, and when required to be opened in 
presence of a body of royal commissioners in 1818, it had to be forced, 
on account of the logs of the key or keys. Iron coffers of elaborate 
construction were known on the Continent before being common in 
England,—possibly on account of the system of hoarding treasure, 
more customary in countries where commercial enterprise is languid. 
Wolverhampton, Birmingham, and Coalbrook Dale the manu- 
facture of cast-iron safes; London alone made those of wrought iron 
till 1885, since which year they have been made also in the north. 
These safes, however, were not in the first instance put forth as fire- 
proof; there was nothing to prevent them, when red-hot, from burning 
the papers and charring the parchments inclosed in them. It was in 
1834 that the fireproof principle appears to have been first adopted, 
under Marr's patent, Since that date, Bramah, Chubb, Milner, Hobbs, 
Price, Tann, and other manufacturers have brought great i uity to 
bear on this subject. There are several requisites for a fireproof 
safe. The iron should be of such a thickness as to prevent the safe from 
being broken open by violence, or injured by a fall or other casualty 
during a fire. The door should be so closely fitted that no forcing 
instrument could be introduced between its edge and the framework 
into which it closes. The iron plates should be so pre as to 
resist the action of drills, whether made for the purpose of taking out 
the small lock or of inserting gunpowder to shatter it. The large lock 
should be so made that, even if holes were drilled through the door, 
no space would be found inside the case to contain sufficient gunpowder 
to explode it, The case containing the lock should fit the interior of 
the safe as tightly as possible, to exclude the external heat in case of 
fire and the escape of the moisture from the fire-resisting composition 
within. The inside case, forming chambers for containing the fire- 
resisting substance, should fit the inside of the body tightly, to prevent 
the undue escape of the vapour when in a fire; this case, also, should 
be so secured to the outer frame that no violence exerted on the door 
would force the removal of the lining or casing. The fire-resisting 
composition should be of such a nature and should be so placed as not 
to exert any injurious effect upon the iron when heated. It need 
hardly be added, that the large lock which closes the door, and the 
small lock which secures the bolt, should be free from liability to dis- 
arrangement, likely to wear well, and not easily picked. All the 
modern fireproof safes contain a sort of lining of fireproof composition, 
which has a remarkable effect in arresting the progress of heat from 
without inwards, Of course no safe could resist an unlimited heat for 
an unlimited time; but the modern makers are very successful in 
manufacturing safes which will preserve their contents unharmed 
during the destruction by fire of the building in which the safe is 
placed. There is an absorbent substance, such as sand or sawdust, 
and there are small vessels containing some kind of liquid; the heat 
from an external fire, acting on the liquid through the iron, bursts the 
vessels, saturates the absorbent substance, and greatly retards the 
‘ heating of the interior. Some of the safes are painted on the inside 
with a peculiar composition, to prevent the metal from being oxidised 
or corroded by the action of acids pagers to produce the moisture ; 
and the exterior of the iron is case-hardened, or rendered like steel, to 
enable it to resist the action of drilling-intruments. Triple thicknesses 
of iron, mica linings, vitreous glazings,—all are used in different forms 
of safe ; and the absorbent composition used for a stuffing or damper 
exhibits great variety,—burnt clay, powdered charcoal, dust, fragments 
of stone, baked wood ashes, coarse sand, small gravel, sawdust, bone- 
dust, ground alum, gypsum, Austin’s cement, combined two or more 
together, with or without provision for moistening them when heated, 

Some of these fireproof receptacles have recently been constructed of 
great magnitude. One was made by Messrs. Chubb in 1858 for the 
Vancouver branch of the Bank of British North America, It was 
7 feet high, 94 feet deep, and 7 feet wide. It was made of wrought 
iron, lined with a fire-resisting composition, It was, in fact, a chamber, 
containing nineteen separate and distinct lock-up safes, besides shelves 
for books and papers. On the exterior it had two large folding-doors, 
having three detector locks, and throwing thirty bolts all ae The 
various pieces, weighing 14 tons in all, were sent out separated, to be 
built up at the place of destination. A partner in this firm, after the 
disastrous loss of the gold-laden ship Royal Charter, wrote to one of 
the public journals in the following, terms:—‘“In ocean-ships the 
bullion-room is usually formed by lining some nook or corner with 
strong iron-plates, bolted to, or forming part of, the ship; so that if 
the vessel gets on shore and breaks up, the bullion-room nevessarily 
goes to pieces with it, and the contents are dispersed. I would suggest 
that these safes should not be in any way connected with or fixed to the 
ship. In case of a wreck or breaking up of the vessel on shore, the 
safe would go to the bottom, preserve its contents intact, and be 
readily recovered. As a safe four feet. square will hold more than 
2,000,002. sterling, very little space would be interfered with.” 

A London solicitor, in a letter to the ‘Times,’ has pointed out the 
desirability of having, somewhere near the courts of law and inns of 
court, a public or joint-stock institution for the safe custody of 
valuables from fire and depredation, “ The main features of my 1S 
he explained, “ would be to erect two or three fireproof buildings in so 
many localities in London, most convenient to professional gentlemen 


and others who may avail themselves of these advantages; and to haye 
in each building se: strong rooms for to 
the exclusive use of them; and also other p) 


5 ‘ to this suggestion, that an 
adequate rental would willingly be paid for such fireproof strongholda. 
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which has recently occupied much attention. Many liquids have 
devised from time to time, for making wood more or less 
A mere coating of lime-wash will do somethi 
a wash or cream of clay in water will act n in the same 
Maugham's patent process, dry wood is saturated with an 
solution of phosphate of soda and muriate or sulphate of 
the theory or expectation being, that a decomposition 
followed by an eyolution of ammoniacal vapour, and the 
an incombustible coating on the surface of the wood, Jackson's patent 
consists in the application of a solution of salts of zinc and ammonia. 
Salomon’s patent consists in a peculiar application of two solutions to 
the surface of wood; the first consisting of sulphate of alumina, glue, 
and water ; and the second of chloride of calcium, glue, and water, 
The substance which is now sttracting veces notice, in connection with 
Mr. A eens See 


experiments on 
salt in 1857, A wooden hut, similar in construction to these at Alder- 
shott Camp, was set upat Woolwich Marshes. The immediate purpose 
in view was to test Phillips’ Fire Annihilator; but advan was also 
taken of the opportunity to try the efficacy of the silicate of soda as a 
protector. The officers of the Royal Engineers suggested that if a part 
of the hut were thus treated, the result anighs afford materials for 
comparison. This was done. One portion of the hut was painted 
inside and out with a mixture of lime and alum; this was not found 
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to act as a sufficient protector against fire. Another portion was then — 


painted inside and out, three times, with a solution of silicate of soda, 
Unfortunately for the fairness of the experiment, the building was 
constructed with a double boarding; so that it was only possible to 
coat or im: each plank on one side. Nevertheless, the value of 
the silicate was established beyond a doubt. A large heap of shavi 
was lighted in the interior of 


e hut, par tag jay tongs 4 ; 
woodwork, The flame mayer fleroely against the tim! for some 


minutes, but only succeeded in kindling the edge of one ; 
even that did not blaze, but only smouldered for a short time. By 
heat of the fire the salt was drawn to the surface of 
fused, forming a glaze upon it, Subsequently, when the whole 
was destroyed by fire, after unsuccessful attempts to exti 

the annihilator, although the fierceness of the flame was such 
materials could have withstood it, yet several planks remained 
exterior coated portion. Upon examining these planks, 
tected surfaces were found to be completely charred ; but thi 
had extended only to those parts which had not been to’ 
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silicate. So far as experiments haye yet gone, this salt appears to be 
the most convenient and effective known for the purpose, 
Fireproof Textile Goods,—Attempts are now being made to impart 


something of the nature of non-inflammability to the muslin and other 
light materials of which ladies’ dresses are made. Very 
calamities from fire have drawn attention to the subject; and at the 
Aberdeen Meeting of the British Association, in 1859, certain expe- 
riments were described which had been made by Messrs, Versmann and 
Oppenheim, It has long been known that cotton and linen fabrics 
may be partially protected from fire by a solution of alum or of 
common salt; but the alum weakens the fibres, and the salt makes 
them harsh and crisp—faults which greatly lessen the value of the 
Experiments showed that borax will exert a considerable 
preservative effect, but that the material is weakened thereby as 
alum. It was next found that phosphate of ammonia exerts the pre- 
servative effect without that of weakening; but here occurred a new 
difficulty: the salt becomes decomposed under the heat of the 
laundress’s iron, Sulphate of ammonia, only one-fourth the price af 
the phosphate, was next tried ; it had most of the merits and the one 
defect of its predecessor. Messrs. Versmann and Oppenheim at 


hit upon the tungstate of soda, as a salt which, in solution, im — 


considerable degree of papsige sss an rang’ A to textile or woven C 
without weakening them, or rendering them harsh and stiff, and also 
without liability of having the preservative properties removed by heat 
or by washing. Since the Aberdeen meeting, the inventors have 
arrived at a conclusion that the cheap sulphate of ammonia will suffice 
in factories on general wayen goods; but the tungstate of soda ia better 
for domestic use, where the fabric is likely to be afterwards ironed. It 
is evident, from this enumeration of chemical agents, that others of 
superior efficacy may probably be discovered. A new process has just 
been announced, the invention of M. Carteron, of Paris, which will 
render silk as well as cotton and linen fabrics incombustible, but the 
method has not been published, : 
FIRE SHIPS, Among the peculiarities of naval warfare be 
instanced the use of fire ships, a class of vessels which are 20 feted 
with inflammable and combustible substances, as to take fire in all 
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parts simultaneously on the lighting of an attached fuse, the length of 
the adapted to the occasion, and so as to allow sufficient 
ignition to enable the firing party to effect a safe 
from agration. 
ships are at all times a fofmidable means of attack, but espe- 
so when darkness or fog favours their employment. They are 
sed principally in rivers or roadsteads against ships at anchor. The 
Chi in the late war showed considerable ingenuity in availing 
themselves of this mode of surprise and attack, in which so little 
exposure of life on their side, enabled them to threaten with destruc- 
tion @ more powerful enemy; and but for great vigilance on our part, 
much disaster to our ships must have resulted. The nature of im- 
ved armaments, however, tends materially to protect ships at anchor 
attempts of this kind; for immediately on the detection of a 
fire ship, the increased precision of aim, the heavier weight 
of shot, and the progressing improvement in naval tactics now develop- 
ing, will enable a threatened ship rapidly to destroy and sink any of 
the class of vessels generally used as fire ships, or will disperse into 
ents the framework and materials of fire rafts. 
long as 150 years since, fire ships formed part of the as aed 
establishment of the naval defences of the kingdom. In the ‘ Na’ 
List’ of 1710, we see the names of five of these vessels, each of whi 
for ordinary battle, or in 
might offer. Of late years 


i 


(Magne Britannica Notitia ; Sir Howard Douglas On Naval Warfare 
with Steam, &c.) 

FIRKIN, a measure of ale, beer, and some dry commodities now 
disused. Eight gallons of ale, soap, or herrings, made a firkin, and 
nine gallons of beer. But by a statute passed in 1689, the distinction 
between the firkin of ale and beer was abolished, except only in 
London, and eight and a half gallons were declared to make a firkin. 
In 1808 the ale and beer measures were ordered to be assimilated, and 
the firkin now contains nine gallons. 

FIRM. Baye nay 

FIRMA’N or FIRMAU’N, is the name of the decrees issued by 
the Turkish Sultan, which are signed with his own cipher or signet. 
Such are the firmauns by which he appoints the various pashas and 

officers of the state. Firmaun is also the name of a kind 

which the pashas are in the habit of granting to travellers, 

c Europeans, by which they enjoin the subordinate authorities 

to give the bearer protection and assistance. The “ firmaun of death” 

was a sentence of suiimary execution issued by the sultan against a 

the written order for which was entrusted to a chiaous, or state 
ora’ whose duty it was to see it executed. 

FRUITS (Primitie), the profits of every spiritual living 


1 


[Bevert 
, arising in 
_ for the same 
of first fruits 
__FISC, FISCUS, was the name given under the Roman empire, and 
is es in — monarchies which rose er its ruins, to the i 
trea sovereign, as distinguished from #rarium, or the 
4 pene! the state. The fiscus was chiefly replenished by fines and 
confiscations, and unclaimed property of deceased persons: the taxes 
B pak other revenues of the country were paid into the erarium. Under 
4 lute monarchies, however, the two treasuries have been often con- 
_ foutided both in name and in reality. Under the feudal system, fiseus 
_regius and fiscales terre signified the domains of the crown, and the 
{ its attached to those domains were called fiscalini. Fiscus by 
came to be- te f for the rights of the crown in 
criminal matters, and the king’s attorney was called 
i procuretir fiscal in Freneh, avvocato fiscale in Italian. 
4 , in sense of “feudum regium,” or fiefs granted by the 
¢rown, was contrasted with proprietas, or an allodial estate. The word 
fiscus meant originally a basket or frail in which the moneys of the 


Ly collected. (Dticange.) 
“ aré localities frequented at certain seasons by shoals or 


‘ fiutmbers of fish, where they are taken upon a acale, The 
. of frequenting these fishing-grounds has frequently been matter 

of dispute between governments, and sometimes the subject of treaties ; 
While exclusion from them, or invasion of presumed exclusive rights 


to their enjoyment, has been the cause of warlike preparations, The 
principal kinds of fish which are the objects of these systematic 
occupations are whales, cod, ling, hake, herrings, lobsters, mackerel, 
oysters, pilchards, salmon, anchovies, sardines, sturgeon, and tunny. 

ith the exception of the four last-named descriptions, the fishermen 
of this country are engaged in the taking of all these fish, and pursue 
their calling to an extent which makes each an important branch of 
national industry. The quantity of other fish taken by British 
fishermen is in the aggregate exceedingly great, and furnishes constant 
employment throughout the year to a great number of men on almost 
every part of the coasts of Great Britain and Ireland; but it has not 
been usual to apply the word fisheries otherwise than as we have 
already mentioned. 

Of the British fisheries, some are carried on in rivers or their 
zestuaries, and others in the bays or along the coasts. Our principal 
cod-fishery is on the banks of Newfoundland ; and for whales our ships 
frequent the shores of Greenland, Davis’s Straits, and the South Seas. 
Of late, whale-fisheries have also been carried on near the shores of 
Australia and of the Cape of Good Hope, 

The taking of herrings was extensively pursued in Scotland in the 
ninth century, and continued until the Convention of Royal Burghs 
prohibited the exportation of fish before the resident population was 
supplied ata stipulated price. In consequence of this interference, 
many of the fishermen abandoned the pursuit at home, and settled in 
Holland—a circumstance which first drew the attention of the Dutch 
to the value of the Scotch fisheries. Several enactments were passed 
under James ITI.,IV., and V. of Scotland for the promotion of the 
fisheries ; and James VI., before his accession to the English throne, 
directed the building of three towns for the same purpose; but this 
measure failed of success. In 1633 Charles I. ordained “ An Associa- 
tion of the three kingdoms for a general fishery within the hail seas 
and coasts of his majesty’s said kingdoms,” but the breaking out of the 
civil war put an end to this scheme. In 1654 the government, in 
order to give protection to the fisheries, remitted in favour of Sir 
Phineas Andrews, who had embarked in the same, the salt duties and 
“ customs, and excise duties upon all naval necessaries ;” besides which, 
for building. whacts were made from wealthy and patriotic individuals 
for building wharfs, docks, and storehouses, and for defraying other 
expenses. These measures of “protection” appear to have been 
unsuccessful ; as were others of various kinds, made in 1677, 1690, and 
1720, sometimes through the medium of charters, sometimes through 
that of Joint-stock companies. Various reasons have been assigned 
for these repeated failures. Among these reasons may be mentioned, 
the rule which made London the head-quarters of the fishery (it being 
the dearest port in the kingdom) and the superiority of the Dutch in 
the art. Andrew Yarington, in the second part of “ England’s 
Improvement by Sea and d,” sums up all other reasons in this one 
fact—“ We fish intolerably dear, and the Dutch exceedingly cheap.” 
In 1749 a committee of the House of Commons was appointed to 
inquire concerning the herring and white fisheries: and as the result 
of its labours a corporation was formed, with a capital of 500,000/., 
under the name of “The Society of the Free British Fishery.” A 
bounty was given to encourage the fishermen, increased in amount 
from time to time; but this entirely failed in realising the object in 
View; for, the bounty being given to the vessels and not to the fish, “ships 
were equi to catch the bounty and not the herrings.” In 1786 
“ The British Society for extending the Fisheries and improving the 
Sea Coasts of the Kingdom” was incorporated, and a joint-stock was 
subscribed “for purchasing land and building thereon free towns, 
villages, and fishing-stations in the Highlands and Islands of Scotland.” 
This joint-stock was raised by the subscriptions of a few spirited 
individuals, who did not look for any profitable return. The members 
of the society were chiefly proprietors of estates, and their object was 
the improvement of their property. Another act was passed in 1808 
for the regulation of the fisheries : granting bounties to the fisher- 
men; and prescribing regulations for fishing, curing, inspecting and 
branding herrings, and a board of seven commissioners was appointed 
for administering the law. This act, which was at first passed for a 
limited time, was made perpetual in 1815. For the inspection and 
branding of herrings the whole coast of Great Britain was divided into 
districts. In each of these officers weré appointed to oversee the 
operations of the fishermen, and to prevent frauds in regard to the 
bounty. The principal regulations affecting the curing of herrings 
were borrowed from the practice of the Dutch fishermen. In 1817 
a further boon was granted to the fishermen by allowing them the 
use of salt duty free: a peculiar advantage, which ceased in 1823 by 
the repeal of the duty on that article. 

The impolicy of granting bounties on production, the effect of 
which is to tax the people of this country in order that foreign 
countries may be supplied with articles of consumption at prices below 
their actual cost, came at length to be seen and acknowledged. In 
1821 the bounty began tobe reduced, and in 1830 it ceased altogether. 
That this alteration of the system has not been productive of any 
serious evil to the herring-fishery has been abundantly shown by the 
statistical returns. The average anntial number of barrels of herrings 
cured and exported respectively in the five years that preceded the 
alteration was 349,488 and 224,370. In the five years from 1826 to 
1830, while the bounty was proceeding to its annihilation, the average 
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numbers were 336,896 cured, and 208,944 ex ; and in the year | already been noticed, The where it is principally carried on 
1858, the numbers were 636,122 barrels cured, and 350,204 exported. | are Yarmouth, Lowestoft, ings, Folkestone, H Bay, and 


An end ap to have been put to the protective system by the 
British Parliament, in the 10 & 11 Vict. c. 91, withdrawing altogether 
the funds granted year by a for the promotion of the Scotch 
fisheries; and, in the 21 & 22 Vict. c. 69, exacting a fee for every 
barrel or half barrel of herrings on which the government brand is 
imposed, a valuable advan that had heretofore been conferred on 
these traders altogether at the public expense. The same act repeals 
sundry vexatious provisions of previous statutes which had impeded the 
trade and increased the expense of the traffic without any advantage in 
return; it prohibits the use of certain nets and certain methods in 
taking the fish; it prescribes a uniformity in measures; and thus 
surrenders the traffic to the fostering care of private interest and the 
salutary effect of public competition. 

The Irish fisheries generally continue still to be stimulated by 
public grants from time to time, without any inténtion thereby of 
giving effect to a eg: which experience and principle have con- 
demned, but to meet the unfortunate circumstances of that country 
by furnishing immediate employment to the poor in a traffic more 
legitimate than the making of public roads that are not wanted, 
inasmuch as it may become remunerative to the fishermen, and 
advantageous to the public without the need of extraneous support. 

A select committee of the House of Commons was appointed in 1833 
to inquire into the state of the British Channel fisheries, A second 
committee was appointed in 1836 to consider the state of the salmon 
fisheries in Scotland ; and in the previous year commissioners had been 
instructed to investigate the condition of the Irish fisheries. From 
each of these bodies reports proceeded which were laid before Parlia- 
ment, and which contained a considerable amount of information upon 
the subject. We will present here a few of the leading facts, corrected 
by the results of inquiries of later date. 

The appointment of the committee in 1833 arose out of the distress 
which was at that time said to affect the several Channel fisheries, and 
in its report the committee stated that these fisheries were generally 
in a very depressed and declining state; that they appear to have been 

ually sinking since the peace in 1815; that the capital employed 

id not yiéld a profitable return; that the number of vessels and of 
the people to whom it gave employment had diminished; and that the 
fishermen who formerly could maintain themselves and their families 
by their industry were in a greater or less degree pauperised. The 
chief causes of this unfavourable change were considered to be, the 
interference of the fishermen of France and Holland; and the great 
and increasing scarcity of all fish which breed in the Channel, com- 

with what was the ordinary supply 15 to 20 years earlier, operat- 
ing prejudicially to the fishermen, at the same time that a continued 
fall of prices had taken place in the markets. The depressed state of 
the British fisheries is most easily explained by supposing that the 
foreign fishermen, of whose interference such grievous complaint was 
made, were better skilled and more persevering in their calling than 
our own countrymen : a supposition which seems to be borne out by 
the circumstance of our haying, since this report was delivered, been 
still more abundantly supplied with fish for our tables; while the cry 
of distress on the part of the fishermen has passed away, doubtless 
owing to the greater degree of skill and industry which they have since 
exerted. There was, on the other hand, a complaint preferred against 
the fishermen by the owners of the boats, who alleged that, having 
advanced all the capital necessary for the undertaking, and havin 
probably also contributed to the support of the men during the d 
season, under the faith of an agreement to receive at stipulated prices 
all the produce of their nets, the men so bound to them sold a con- 
siderable part of the fish which they caught to boats despatched from 
the coast of France. These circumstances have been mentioned, be- 
cause a great and it is thought a groundless impression was created b 
the result of the inquiry of 1833, which inquiry, it has been Bans 6 
was undertaken to satisfy the desires of certain interested parties who 
wished to make out a case for the interference of government. 

These Channel fisheries have been the occasion of much jealousy 
between E; d and France, and of continual wrangling between the 
fishermen of the two countries; they were at length, in 1839, made 
the subject of a convention between the two governments, and the 
stipulations contained therein have been embodied into the law of this 
country successively by the 6 & 7 Vict. c. 79, and the 18'& 19 Vict. 
¢. 101. 

Stow-Boat Fishery.—One peculiar branch of fishery is the Stow-boat 
fishery. This fishery prevails principally upon the Kentish, Norfolk, 
and Essex coasts; and the object is the catching of sprats, not for 
food, but as manure for the land, for which there is a constant demand. 
It fluctuates considerably, according to the price of other agricultural 
manures, and to the abundance of the shoals of fish, 

Pilchard Fishery.—The pilchard fishery, which is carried on upon 
parts of the Devon and Cornish coasts, is of some importance. The 

ilchards visit our shores in August and September, and again in 
Siren or December: they come in large shoals into shallow water. 
As soon as caught they are salted or pickled and exported to foreign 
markets, chiefly to the Mediterranean: the average export amounts to 
30,000 hi per year. 7 

Herring Fishery. —The extent of the British herring-fishery has 


Swansea, in England and Wales; the coasts of Caithness, Sutherland, 
Aberdeenshire, Banffshire, Morayshire, and Ross-shire, in Scotland ; 
and Galway, Killybegs on the coast of egal, Mayo, the worms | of 

Bay and Kenmare, Bantry Bay, 


the Shannon, the coast between Di 
Waterford, and from Mizen-head to Cahore point on the Wicklow oun 

in Ireland. The principal herring-fishery oft the coast of Norfolk ; 
Suffolk commences in September and ends in the beginning of De- 
cember. Mackerel fishing begins Ist May, and ends Ist July. No 
material changes have occurred in the seasons, but ings are more 
numerous of late years on the Yorkshire coast. 

Salmon Fishery.—Our chief salmon-fisheries are carried on in the 
rivers and restuaries of Scotland. As no bounty has been at any time 
payable upon the taking or exporting of this kind of fish, there are no 
means of ascertaining its actual or comparativeamount. Great interest 


and activity have in recent years been evinced by noblemen and the 
landed gentry, with much success, in promoting the of salmon, 
and the protection thereof has long been an object with the British 
Parliament, who by various Acts, 1 Geo, I. c, 18; 58 Geo. IIL. ¢. 43; 
6&7 Vict. c. 33; and 11 & 12 Vict. c, 52, have prescribed certain — 
regulations, and prohibited the taking of fish at certain of the 
year, with the same end in view. The produce of the fishings in the 
rivers Dee, Don, Spey, Findhorn, Beauly, Borriedale, longue 
Thurso, and of the coasts adjacent, are conveyed in steam- and 


small sailing vessels to Aberdeen, where they are packed with ice in 
boxes and sent to the London market, either by steamers or by rail- 
way. The most productive salmon-fisheries in Ireland are situated 
near the mouths of the rivers, on yn § all parts of the coast. 

Mackerel Fishery.—Mackerel are of passage which visit every 
part of our coasts in the spring and early part of the summer, and are 
taken in great abundance, In this country they are used fresh, an 
great quantities are conveyed by rapid railway journeys from the coast 
to London. The general desire to obtain this fish in perfection has led 
to the well-known relaxation of our laws against Sunday trading, which 
permits the open hawking about of mackerel on that day : a practice 
which is punishable with regard to any other fish, or indeed to articles 
of any kind, with the exception of milk, 

The principal fisheries on the eastern coast of England are in the 
neighbourhood of Whitby, Hartlepool, and Robin Hood’s Bay. The 
fish-markets of the great towns in the interior are now supplied more _ 
abundantly than ever with fish, satoce the agency of railways. Len 

Cod Fishery.—The cod fishery at Newfoundland was carried on as 
early as 1500 by the Portuguese, Biscayans, and French; but it was 
not until 1585 that the English ventured to interfere with them. In 
eee Sir Francis Drake, being sent to the island with a squadron, 
se 


In 


iE 


the 
whole island of Newfoundland to be in the crown of England,the 
privilege of fishing on part of the coast was reserved to France, not- 
withstanding which the English fishery there increased to a great 
extent. The resort of the United States fishermen to the of 
Newfoundland for the purpose of ing in this remunerative traffic 
began early to excite the jealousy of the British fishermen,and the 
quarrels arising in consequence appealed so ahaa: Ara the. panies . 
sympathies and pride of the respective countries, vessela 
were sent to the fishing-ground, nominally to preserve peace and order, 
and serious apprehensions were created as to the possibility of main- 
taining the peaceful relations between the two governments, ee , 
a treaty was concluded in 1854 between England and the U: } 
States, and the stipulations of it became the law of this pee! 
the 18 & 19 Vict. c. 3, By this treaty, the right of taking all kindof 
fish except shell-fish, and curing and drying fish, is granted to the 
fishermen of the United States on the sea-coasts, shores, bays, and 
harbours of Canada, New Brunswick, Nova Scotia, Prince Edward's 
Island, and with some modification, Newfoundland. The al _ 
fisheries of Newfoundland are prosecuted on the banks whi: ring 
surround that island; the object of these fisheries is solely cod-fish 
Salmon, mackerel, herrings, and some other kinds of fish are taken off 
the coasts of the island; and the seal fishery is carried on success- 
fully, yielding a considerable number of seal-skins and a yy ape d 
of seal-oil for exportation. These fisheries may be said to 80] 
pursuit of the settlers in Newfoundland, and of the traders 
frequent the island. Nearly every family has a small piece o: P 
under garden cultivation, but agriculture is not pursued as a sub- 
stantive occupation, 

Whale Fishery.—Tho whale fishery was carried on 

during the 12th, 13th, and 14th centuries, by the Biscayans. The 
whales taken by them in the Bay of Biscay appear to have been of a 


— 


smaller species than those since found in more northern latitud 
The Biscayan fishery has long ceased, owing probably to the great 


destruction of the animals. It is to the voyagers who, near the end of 
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the 16th century, attempted to find a passage through the northern 
ocean to | that we owe the discovery which led to the establish- 
ment of the in the seas of Greerland and Spitz The 
English and the Dutch were the first to embark in this adventure ; 
but the French, Danes, Hamburghers, and others were not slow to 
follow their example. At first the whales were so numerous that the 
was comparatively easy, and was so successfully pursued that, 
ition to the ships actually engaged in the fishery, many other 
were sent in ballast to the shores of Spitzbergen, and the whole 
returned home with full of oil and whalebone. It was then 
the practice to boil the blubber on the spot, and bring home the oil in 
cas In the progress of the fishery the whales became less numerous, 


more economical to bring the blubber home in order to its being 
and the settlements before used for that purpose were aban- 
part of the Arctic Sea which lies between Spitzbergen 
and which was formerly frequented by the whale ships, 
wholly abandoned because of the scarcity of the fish, 
northern whale fishery is now chiefly pursued in Davis's 
Previous to the revolt of the North American provinces this 

as that in the Southern Ocean, was prosecuted with 
the colonists of Massachusetts. Just before the begin- 
the war they employed annually 183 ships of 13,820 tons in 
orthern, and 121 ships of 14,026 tons in the Southern whale 


not until after the breaking out of war between England 
American provinces had, for a time at least, interrupted 
it of enterprise, that England embarked in the Southern 

. ‘Towards the close of the last century, the number of English 
so ed was considerable; in 1791 they amounted to 75, but 
the number has since greatly fluctuated. It requires a considerable sum 
of money to fit out a ship. A new vessel of the size usually employed 
—350 , when ready for sea and fully provisioned, from 
12,0002, to 15,0007. ; and the adventurer must wait three years for the 
return of his capital. 
FISTULA LACRYMALIS. [Lacryman Orcams, Disgaszs or.] 
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may be heated to 
that degree of 
volatilisation 
group. [EssEnrrat Ors.) 

are mainly obtained from the vegetable kingdom, 


the substance from which it is to be extracted to strong 
For this purpose hydraulic presses are very generally 
ie tae ot te canbe Rep inereae the liquidity 
plates press being kept hot for this purpose, and 
ern sreerens expend. ia huge to she ackion:ot 
m, Oil obtained in way may be rendered quite bright and 
sparent, ei by subsidence, or filtration through paper or flannel. 
I for obtaining fixed oil consists simply in boiling the 
ace with water, when the oil rises to the surface and may be 
med off. A useful method of extraction is digestion 
he substance in alcohol or ether, or a mixture of the two, and sub- 
of the solvent by heat, 
cat But few oils are at once obtained from their natural 
n a state fit for use, and rio generally applicable process can be 
which they may be refined and b Exposure to light 
tles is sufficient to decolorise many of them. Digestion 
sulphuric acid for a time, and subsequent treatment either 
water, or if necessary with steam, or simply blowing steam 
oil without the addition of sulphuric acid, are other 
purification, Tannic acid, under the form of a strong 
tion of oak bark, is occasionally employed to separate albuminous 
gelatinous matter, Caustic soda, in small quantity, with the aid of 
wil oe contained in an oil, and improve 
ppearance odour. Chromic is the most energetic 
ied by adding to the oil a 


— ‘ nearly half its 
eight of strong sulphuric acid. The rancidity of oils be removed 
are ie 00d water: alain mith A very i 


‘through 


4 


ma; 
dilute aqueous 
The fixity of the bodies under consideration is obviously 


7 Their specific gravity is al less than 
a ater, ranging from 0°90 to 0°93, Thaiemaillatenos vacien ; 
renders more liquid, cold congeals or solidifies them. When 
: or no smell, but as usually met with 


ic odours, due to the presence of such 


volatile matters as butyric, valeric, or caproie acid, &e. When.these 
matters are present in excess, oils are said to be rancid. 

The fixed oils are insoluble in water, and, with the exception of 
castor oil, almost insoluble in alcohol; they however readily dissolve 
in ether, benzole, and oil of turpentine, and are miscible in all pro- 
portions with each other and with the essential oils. When heated in 
close vessels to 500° or 600° Fahr. they are decomposed, irritating 

are evolved, and permanently gaseous bodies, as well as some 
liquid and solid substances, are produced. These products are all in- 
flammable, burning with a luminous flame; indeed an ordinary oil- 
lamp is a miniature apparatus for the combustion of the products of 
the destructive distillation of oil. [CanpLE Manuracture.] 

In chemical composition the fixed oils greatly resemble each other. 
They contain Farry Acmps, in slightly variable proportions, united 
with glycerin: the oleate of glycerin, however, preponderating. 
Ammonia acts upon fixed oils, converting them into amides; but the 
other caustic alkalies, and some metallic oxides, form with them true 
soaps. All fixed oils are more or less acted upon when exposed to the 
air. Some slightly thicken and acquire rancidity, but do not become 
solid; others rapidly absorb oxygen, give out heat, and ultimately dry 
up into a kind of resin. When the latter kind of oils are exposed to 
the air in a say Sapa state, such as occurs when paper, cotton, 
shavings, straw, &c., are saturated with them, this oxidising action 
goes on at such a rate that the heat evolved is sufficient to cause the 
inflammation of the mass. [ComBustion, Spontaneous.] 

Drying and non-drying oils. From what has just been stated, it is 
evident that fixed oils may be divided into these two classes. The 

rincipal drying oils are those of linseed, poppy, sperm, walnut, cod- ~ 
iver and hemp. They are largely used in the preparation of varnishes 
and by the painter as vehicles for pigments. Their drying property is 
considerably increased by heating them with litharge (oxide of lead) 
or with oxide of ese; they are then technically termed boiled 
oils, The chief non-drying oils are those of almond, colza, olive, rape, 
as well as all that are of animal origin : they are further distinguished 
from the ing oils by being converted into the solid state by 
mercurous nitrate or by ,jgth part of their weight of peroxide of 
nitrogen (NO,), and are used in cookery, for lubricating machinery, 
and for burning in lamps. 

Tests for purity, General tests for the purity of fixed oils are smell, 
taste, and specific gravity. Special tests for the principal of them 
will be found described under their respective names. The action of 
sulphuric acid is also a valuable aid in individualising the fixed oils ; 
a table of the action of, and details concerning, this reagent will be 
found in ‘ Cooley’s Cyclopedia of Practical Receipts,’ article ‘ Oils.’ 

Another systematic method, by Calvert, is described in ‘ Muspratt’s 
Chemistry’ as applied to the arts and manufactures, article ‘ Oil.’ 


Alphabetical list of the chief fixed oils. 


Almond oil, [Amyepatus.] <A non-drying oil. 
Appleseed oil. Obtained by expression from apple-pips. It resembles 
poppy oil. 


Bay oil. Non-drying. [Laurus Nosrs in Nav. Hist. Drv.] 
Beech oil. Non-drying. Sp. gr. 0°9225. [Brxcu. Faaus in Nar. 


Hist. Drv.]} 

Belladonna oil. From the fruit of Atropa Belladonna, Sp. gr. 
0°925 : a drying oil. 

Benoil. (Ben, om ov,] Non-drying. 


Cacao oil, [Cacao.] Non-dryin 

Camelina oil. From the seed. 
Drv.] Drying. Sp. gr. 0°9252. 

Carapa oil, From the fruit. [Cararain Nav. Hist. Drv.] 

Castor oil. Obtained by expression from the seeds of Ricinus 
Communis. Sp. gr. 0°969. Dries by very long exposure. Its 
nauseous taste is said to be removed by agitation with magnesia. Is 
miscible with alcohol. Contains a modification of oleic acid termed 
ricinoleic acid. Heated with caustic potash, sebacic acid is produced, 
hydrogen is evolved, and caprylic alcohol distils over. 

Cebadilla oil, From the seed. [Cepapiiia in Nar. Hist. Div.] 

Oherry-stone oil. From the kernel. Sp. gr. 0°9239. 

Chestnut oil. From horse-chestnuts. Non-drying. Sp. gr. 0°927. 

Cocoa-nut oil. Non-drying. Solid at common temperatures, 
(Cocos, in Nat. His. Div. 

Cod-liver oil. From the liver of the common cod-fish. [Morruva 
vulgaris in Nat. Hist. Drv.] To obtain a pure pale yellow oil for 
medicinal p' , the livers, after washing with cold water, are sub- 
mitted to gentle heat in steam-jacket pans for about three quarters of 
an hour; on cooling, the oil separates and floats on the surface, is 
skimmed off and clarified by subsidence in deep cisterns and by filtra- 
tion, first through flannel, and finally through moleskin under pressure. 
It is exported from Newfoundland in , one manufacturer alone 
producing between 20,000 and 30,000 gallons annually. 

Other cod-liver oils occur in commerce; they are all of a more or 
less brown colour, and are obtained from the livers after exposure to 
the sun. The livers undergo putrefactive fermentation, and yield a 
larger per centage of oil than when treated as already described for the 
medicinal oil. The livers of other fish than the cod are also used in 
the manufacture of common cod oil. It is principally used by curriers 


for dressing leather, 


Fcasonana Sativa in Nat. Hist. 
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Coka oil. Non-drying. [Couza, Om or. Sesamum vil. See Gingelly oil. 

Cornelberry oil. py toe the dais (Consus sanguinea, | Shark-liver oil. From the livers of several species 
eee. Dev.) is the lightest of all the fixed oils, having a sp. gr. of 0'866. 
Cotton-seed oil, the seeds of one of the cotton plants, [Gossy-| Skate oil, From the livers of various skates (Raiania), It re- 
rium barbadense, in Nat. Hist. Div.) This oil dries on exposure to | sembles cod-liver oil. 
the air. Sperm oil. ee ae and for lu 

Cres oil, From the seeds of common garden cress (Zepidiwm sati- | Is is the liquid portion of the fatty matter found 

vam). Sp. gr. 0°924. Drying. the White or Sperm whale (Physeter macrocephalus) 

Croton oil, [Crortox ot.) being spermaceti. (Srermacett, in Nat. Hrst. 

Cucumber oil. From the seeds of several species of Cucumis and | Swnylower oil. From the seeds of the common 
cucurbita, Drying. Used for lamps. Sp. gr. 0°9231. Known also as ee iat ae Sp. et. 00261, 
Gourd oil. Gingelly oil. 

. Cyper-grass oil. One of the very few oils obtained from the root of | _Tobacco-seed oil, A good drying oil, obtained from the seeds 
a plant (Cyperus esculenta). hig sie 8 . O18, tobacco plant (Nicotiana tabacum). Sp. gr. 

Garden-spurge oil. (Evrnorsta lathyris, in Nat. Hist, Drv.] Touloncowna oil, [Carapa, in Nat, Hist. Drv. 

Gingelly oil. From the seeds of Sesamum orientale. Also known as in oil, See Whale oil. 


Teel oil, Benne oil, and Oil of sesamum. It is non-drying. 

Gourd oil, See Cucumber oil. 

Grapeseed oil. By expression from the seeds of 
salads and for burning. 
stones. It dries on exposure. 

Ground-nut oil. Non-drying. [Anacuts hypogea, in Nat. Hts. Drv.] 

Hemp oil. From the seeds of common hemp. [CaNNABIS sativa, 
in Nar. Hist. Drv.] Solublein alcohol. Sp. gr. 0°9276. 

Henbane-seed oil. Non-drying. Sp. gr. 0913. [Hyoscramvs, in 
Nar. Hist. Dry.) 

Indayagu oil, From the seeds of Anda Gomesii. Properties situilar 
to those of castor oil. 

Jatropha oil. JaTROPHA curcas,in Nat. Hist. Drv.] 


Used in 


Julienne oil. . Sp. gr. 09281. From the seeds of Dame's 
violet, [Hxspxris matronalis, in Nat. Hist. Drv.} 
Kundah cil, (Canara, in Nat. Hist. Drv.] 


Lard oil. Crude oleic acid. A secondary product in the manu- 
facture of stearin, or obtained from lard by boiling with alcohol. 
Sp. gr. 0°9003, 

Laurd oil, See Bay oil. 

Linseed oil. (Linseep o1t.} 

Mace vil. See Nutmeg oil. 

Madia oil. [Manta, in Nav. Hist. Drv.) 

Mustard oil. The seeds of the white mustard (Sinapis alba), yield 
from thirty to forty per cent. of an oil used in salads, Many other 
species of sinapis yield asimilar oil. That from black mustard is used 


externally as a stimulant. The seeds of wild mustard (Raphanus | for 


raphanistrum) also yield a fixed oil. 

Neat's-foot oil. Floats on the surface of the water in which neat’s feet 
are boiled. It is used for lubrication and for so! leather. 

Nettle-tree oil. From the kernels of the Nettle-tree (Cetis australis). 
Used for burning. 

Nickar oil. From nickar nuts, the kernels of Giilandina, bonducella. 

Nut oil. The kernels of the common hazel nuts [Corytvs avellana, 
in Nat. Hist. Drv.] contain more than half their weight of an excellent 
drying oil. Sp. gr. 0926. 

Nutmeg oil, The so-called expressed oil of mace, is a mixture of the 
essential and fixed oils of the nutmeg. It is obtained on pressing the 
Dl nutmegs between hot plates. [Myaristica, in Nat. Firs 

IV. 

Oliveoil. (OLIvE om; OLEA europea, in Nat. Hist. Div.] 

Palm oil. Solid. Largely used in soap and candle manufacture. 
Sp. gr. 0°968. [Exaus, in Nat. Hist, Dry, 

Palma-Christi oil. See Castor oil. 

Pine-nut oil. From the seeds. [Puyvs pinea, in Nat. Hist. re 

een oi, From the Norway spruce fir. Dries on exposure. . 
gr. 09285. 

Piney oil,peno tallow. [Vateria, in Nar. Hist, Div.) 

Pistachio nut oil, From the kernels. [Prsracta vera, in Nat. 
Hist. Drv.) 

Plumstone oil. The kernels of the common plum (Prunus domestica) 
contain thirty per cent. of a lamp oil. Sp. gr. 09127. parc! to 

Poppy oil. e seeds of the common white poppy contain half 
their weight of fixed oils. It dries well, and is much used in the 
manufacture of paints and soaps, also in salads, and to adulterate 
oy oil. Sp. gr. 09244. [Paraver somniferum, in Nat. Hist. 

IV. 

Prune-stone oil. The kernels of the common prune contain an oil 
pe that of almonds, but it rapidly becomes rancid. Sp. gr. 

27. 

Radish seed cil, From the seeds of a variety of the common radish. 
nig tog Sp. gr. 0°9187. 

Rape oil. From the seeds of rape ( Brassica compestris). When 
refined by treating with sulphuric acid, it is wed for common purposes 
in the place of olive oil. 

Sabadilla oil, See Cebadilla vil, 

Sasmafras-nut oil, From the kernels, [NEcTANDRA puchury minor, 
in Naw. Hist. Drv.] 

Seal oil, Obtained from the blubber of several species of seal 
[Paoctp#, in Nat. Hist. Drv.J, the portion that first drains away 
being palest in colour and mot valuable- Used for burning and 
leather dressing, 


grapes. 7 
Sp. gr. 0°9202. Also known as Oil of wine. | on 
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removeable or not, and sometimes expressly 
are not by law removeable when once attached 
the term “ fixtures,” in its correct legal sense, 


a personal nature as have been annexed to the 
be severed or removed by the 
his 4 the will 


is personal repr against 
hold. When the article is not so removeable, 
purposes part of the freehold, and subject to the 
real property. 
It is necessary, in order to constitute a 
should be let into or united with the 
) erewith, 


The old rule of law was, that 
was thereby made a part of it, 80 as to be irremoveable 
the owner of the fee-simple. But the strictness s 
from time to time considerably relaxed, regard being had to the 
of the annexation, the nature of the article, the : ; 
between whom questions have 
Questions as to fixtures arise pri 
persons, Ist, Between 
executors of a tenant for life or in 
reversioner ; and, 8rdly, Between the » eX! 

who put up or attached the article to the premises. 

1. As to the law of fixtures between landlord and tenant. Ya 

affixed the feeenibeseebels Sr the pe Betray oe ~— 
to @ purpose ae 

wherever the removal is not contrary t custom 

trade, pel ete bey Shed ag 0 


trade, such as workshops, storehouses, or buildir gs of thai 
description; nor is it clear that of a less substantial 
character, such as furnaces and flues of smelting or glass-houses, or 


ws tenant. ; 
which the freehold will be 
geht tere itself injured or destroyed before it can 


use may also be removed by the tenant. But 

freehold for agricultural purposes only are not 
The foll lists, given by Chitty, in his tr on 

of Contracts’ (6th edit.), show what fixtures have been or 

considered, erg fn judicial dicta, to be removeable or not as~ 
1, List of things held not to be Removeable by the Tenant :— : 

cultural erections, Carpenter's shop. a 

Afinouse bar. “us Cart-house. ta pce 
Barns fixed in the Chimney- general), 
Beast-house. ae Ocmeereerha. rey jvm 
Benches. Doors, 1s 30s 
Box-borders. Dressers, - ye 
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Millstones. 
F walls, Partitions. 
) it trees, Pigeon-house. 
Fuel-house. Pineries substantially fixed, 
; Glass windows. Pump-house, 
Racks in stables. 
Strawberry beds. 
_ Improvements, permanent. Trees. 
Keys. indows. 
Locks. 
2. List of things held to be Removeable by the Tenant (though not 
Trade Fixtures) :-— 
Arras i Jacks. 
Barn set on , &e. Lamps. 
Beds fastened to Looking-glasses. 
Bells. Malt-mills. 
Bins. Marble chimney-pieces. 
Blinds. Marble slabs. 
Book-cases. < Mash-tubs. 
Buildings set on blocks Mills on posts. 
Rollers, pillars, &c. Mills laid on brick foundations. 
Chimney backs. ens. 
Chimney-glasses. Pattens, erections on. 
Chimney-pi ornamental). Pier-glasses. 
Cider a ; Posts. 
Cisterns. Presses. 
Clock-cases. Pumps slightly attached. 
Coffee-mills. Rails. 
Cooling cvppers. Ranges. 
Coppers. Sheds. 
Cornices (ornamental) hag 
Dutch barns, Slabs of marble. 
Furnaces. Stable on rollers, 
Furniture, fixtures put up as. Stoves. 
Granary on pillars. Tapestry. 
Grates. Tubs. 
Turret clocks. 
Tron backs to chimneys. Vessels, &c., on brickwork. 
Tron chests. Wainscot, fixed by screws. 
_ Tron malt-mills. Water-tubs. 
_ Iron ovens. Windmill on posts. 


Tenant :— 


3. List of Trade Fixtures decided or said to be Removeable by the 


Tron safes. 3 

Machinery, let into caps or 
steps of timber, or fixed with 
screws to the floor or to 
sockets of lead let into the 
stonework of the building. 

Partitions. 

Plants and pipes of brewers, 


Shelves. 

Shrubs planted for sale. 
Soap works, fixtures in. 
Steam-engines. 


Trees ted f i 
or sale, 

Yo he 

Vata. 


certain fixtures as to which the right of removal is 
the subject of discussion, in determining some 
r to; of the doubtful articles the subjoined 


few decisions can be regarded as absolute authorities for other cases, 
even with respect to fixtures of a similar description. 

The general rule is, that a tenant must remove his fixtures before 
the expiration of his tenancy, or during such time as he continues in 
possession under a right to consider himself as tenant, for he is not at 
liberty to insist on his claim afterwards. And if the interest of the 
tenant is of uncertain character, as of a tenant strictly at will, or pur 
autre vie, it is the common opinion that he will be entitled to a 
reasonable time after the determination of his tenancy to remove his 
fixtures. 

The rights both of landlord and tenant with respect to fixtures are 
frequently modified and controlled by the terms of the demise, 
according to the general principle that parties may, by entering into 
a special contract, vary their legal rights with respect to each other. 
Thus, a covenant by the tenant to keep in repair all erections and 
buildings erected and built, “ and thereafter to be erected and built,” 
and to surrender them at the end of the term, will preclude him from 
removing erections put up by himself, and which, but for the covenant, 
might have been legally removed as trade fixtures. And therefore a 
tenant, before severing an article from the freehold, must consider his 
right not only under the general law of fixtures, but as it may be 
affected by an express or implied covenant in his lease. 

Tt should be observed, that any erection or building, whatever be its 
purpose, and however substantial it be in itself, unless it be affixed to 
the freehold according to the definition of a fixture before given, will 
not belong to the landlord at the end of the term. Thus, if the tenant 
erect a barn, granary, stable, or other building upon blocks, rollers, 

i or the like, the landlord will not be entitled te it as part of his 
old, The tenant may therefore, by adopting appropriate modes 

of construction, make many valuable additions to his premises without 
losing his property in them, and at the same time avoid the effect of a 
covenant to repair erections which are put up by him during the 


term. 

2. As to the law of fixtures between tenants for life or in tail, or 
their personal representatives, and the remainder-man or reversioner. 

There are only few cases in which the claims of tenants for life or 
in tail to fixtures have come before the courts; but it appears generally 
from the authorities, that fixtures set up either wholly or partially for 
the purposes of trade form part of the personal estate of a tenant 
for life or in tail, and are excepted out of the general rule in favour of 
the inheritance; and it may be inferred from the analogy of decisions 
in cases between heir and executor, that the exception will extend to 
certain articles put up for ornament or convenience, provided they are 
not united to the freehold by any permanent or substantial mode of 
annexation. yh aoe 

It is necessary to distinguis) ween the rights of tenants for life 
and in tail under the law of fixtures from those which they possess 
under the general principles of tenure as incident to their estates. A 
tenant in tail, by reason of the nature of his estate, may, independently 
of the law of fixtures, remove any thing he has affixed to the premises. 
A tenant for life, again, is not in general entitled to commit any kind 
of waste; but if he holds his estate without impeachment of waste, he 
possesses powers arising out of his estate similar to those of the tenant 
in tail. astz.| But in either case those powers must be exercised 
during the life of the tenant, as they cease at his death, and nothing 
survives to his representative except his right under the law of 
fixtures. 

Ecclesiastical ons are considerered as tenants for life of their 
benefices, and the rights of such persons or their representatives with 
respect to annexations made by them to the freehold resemble very 
nearly those of other tenants for life. , 

3. As to the law of fixtures between heir and executor. 

There appears to be more uneertainty in the doctrine of fixtures as 
between the heir and the executor, than between any other class of 
persons. In the early periods of the law, the rule that whatever was 
affixed to the freehold should descend to the heir as parcel of his 
i i was rigidly adhered to, and even in later times the deci- 
sions and dicta of the judges upon the subject are by no means easy to 
reconcile, It may however be inferred from them generally, that as 
between the heir and executor trade fixtures and’ fixtures erected 
partly for trade and partly for other purposes, are part of the personal 
estate. This will be the case when the fixtures have been put up for 
the purposes ofa trade whichis merely personal, and has no connection 
with the land, and even in some cases, as that of Cider-mills (see 3 
Atk. 14), where the trade is connected with the profits of the land; 
but if property in question is absolutely essential to the value and 
enjoyment of the land, as was decided with respect to Salt-pans (1 H. 
BL, 260, n.), ib cannot be removed by the executor, but will descend to 
the heir as part of the inheritance. Thereare some articles put up for 
ornament or domestic use to which the executor has been held entitled, 
such as pictures, mirrors, hangings, cornices, &., where the degree of 
annexation is slight, and the freehold will not be much deteriorated by 
the removal. 

In questions with respect to fixtures, whether between landlord and 
tenant, tenant for life or in tail and the person entitled in remainder or 
reversion, or between heir and executor, much will frequently depend, 
not only upon the nature of the article, but also upon its construction, 


and the mode of its annexation to the freehold. The rule as to seve- 


< ae 


FLAG. 
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rance is construed most liberally in favour of the tenant as the 
landlord, not quite so strongly in favour of the tenant for life or in tail, 
as against the remainder-man or reversioner,‘and in favour of the heir 
rather than that of the executor. This must always be remembered in 
drawing inferences from decisions between different parties. Thus a 
decision in favour of the executor against the heir may be relied on 
between whatever parties the question may arise, but decisions in 
favour of the tenant against the landlord cannot be relied upon as con- 
elusive in cases between other parties. 

With respect to the transfer of fixtures the general rule is, that a 
conveyance or mortgage in general terms of lands and houses includes 

chattels attached thereto, though such chattels might other- 
. wise have been removed under the law of fixtures. When the con- 

is not general, but contains a stipulation that “ the fixtures are 
to be taken at a valuation,” the question what fixtures are included (in 
the absence of a schedule or specification) is to be determined by the 
relative situation in which the parties are placed by the conveyance. 
Tf the com ce be an absolute sale, then those articles only should 
be valued which would be fixtures as between heir and executor; if 
there be a demise only, or the assignment of a lease, the valuati 
should extend to all that would be considered tenant's fixtures 
between landlord and tenant, If the description of the premises in the 
renewal of a lease contain the general terms, “ lands, buildings, erec- 
tions,” &c., fixtures are considered to be included in the demise, and 
the tenant cannot afterwards remove them, whatever were his rights 
before the new lease was granted. 

It is now settled that contracts exclusively for the sale of fixtures are 
valid without the formalities ibed by the 4th section of the 
Statute of Frauds (29 Car. IJ. c. 3); though if the slightest interest in 
the realty be intended to , the statute will apply. It would seem 
too, that a contract for the sale of fixtures is not within the 17th 
section of the statute as a contract for the cel pew and chattels. 

(See the Treatise of Messrs, Amos and F on the Law of Fix- 
tures ; and Chitty, On Contracts, 6th ed.) 

FLAG, the or colours of a ship hoisted to denote nationality, 
or as a signal. The word is usually supposed to have been derived 
from the o-Saxon fleogan, to fly or float in the wind; but the 
motion of a in the air being similar to the flickering of a flame, 
the origin of the word may probably be in the very old Latin root 
** flag,” to flare or blaze. k 

The supreme flag of Great Britain is the royal standard, which is only 
to be hoisted when the sovereign or one of the royal family is present ; 
the second is that of the anchor on a red field, which characterises the 
lord high admiral, or lords commissioners of the Admiralty; and the 
third is the union flag, in which the crosses of St. George, St. Andrew, 
and St. Patrick are blended. This flag is appropriated to the admiral 
of the fleet, who is the first naval officer under the lord high admiral. 
The British ensign is red with the union jack borne as a canton. The 
Customs department is distinguished by its having a crown in the 


Jiedd as a bearing. 

In the British navy a fleet is divided into three squadrons—the 
centre, the van, and the rear; the centre being distinguished by red 
ensigns, the van by white, and the rear by blue, and respectively 
commanded by an admiral, a vice-admiral, and a rear-admiral. When 
the fleet is very large, there are three divisions in each squadron; and 
each squadron has then its admiral, vice-admiral, and rear-admiral, who 
respectively hold the command of its centre, van, and rear divisions, 
The admirals are divided in like manner, there being an admiral, a 
vice-admiral, and a rear-admiral of the red squadron, and,so of the 
white and blue squadrons; but in all cases an admiral carries his flag 
at the main, the vice-admiral at the fore, and the rear admiral at the 
mizen. 

The three flags are plain red, white bearing the red cross of St. 
George, and ye blue; and the ensign worn by the ship that carries 
a flag, as well as by every ship belonging to the same squadron, is 
always of the same colour as that of the flag-officer commanding it, 
Various kinds of flags are used in addition, to convey orders, to ask 
assistance, to announce arrivals, &c.; and a regular system of com- 
munication can be readily maintained between fleets or ships at sea. 

In the British merchant service, which contains nearly 40,000 
vessels, increasing in number about 1500 in new vessels annually, the 
want of a more simple communication by signal became so pressing that 
in 1855 a committee was appointed by the Board of Trade to consider 
the subject. Marryatt’s excellent code had been used for nearly half 
a century, and, from the difficulty which affects all radical ney in 
oer systems, years will pass before it is ee . It 
however, been determined by the committee signals for the 
merchant service ought to extend to at least 70,000 or 80,000 in num- 
ber; and that no signal should have more than 4 in a hoist. 
Steamers have in general much shorter masts than sailing vessels, and 
therefore the numbers of Marryatt’s Code requiring 5 flags, has 
been pron a solid objection thereto. 

After considerable attention to the subject by the committee, com- 
posed of highly competent members, it has been resolved that a new 
system containing 18 flags and 3 pendants, which would furnish 78,642 
signals, each consisting of not more than 4 flags in a hoist, be adopted 
in the merchant navy of Great Britain. This so desirable a change, 
effected by the substitution of letters for numbers (omitting the ) 


gives to the merchant marine, not only a comprehensi I 
capable of extension, but furnishes an authorised base on 
to found an Universal System, which will do 
Ba ear caea A 
the rapidly increasing interest which attaches to 
matters in this country, we subjoin a list of flags under this 


N.B, Blue is represented by lines, thus 


and 


FS 
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Red ” ” 
White * absence of all lines 
Yellow ” lines, thus 


Affirmative. (Yes) 
a bs _ py | 
nee eee 
i a= x Eo — ' <i 
Answering. 
The following are the names of the varieties of flags in the sea q 
service, the o square flag being the one most in use. It hasof 
late years become a custom for shipowners each to adopt a private, or 
as it is called, a ‘‘ House Flag.” k . 
a ie = 
a , > 
Burgee. Cornet, Signal pendant, be E 
ot 
. ’ . 1 “. 
Mast-head pendant. tat 
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titude to the young ‘ Ul 
the institutions of Lycurgus, did not attach to this castigation 
In 


the idea of degradation which modern E do, In Rome, 

ever, the punishment of flagellation ‘aa oly aplied to slaves, 

seems to have been pretty common, as t classes of slaves 

derived their names from the kind of whips with which 
, because 


lashed. Some were called Iestiones they were ; 
with cords; others Buced@, from being 
leather. It is in reference to this custom that Plautus 


onians, who it seems, in 


TEE 


is 


He 
g 
i: 


his say— Hrunt Bucede inviti potius quam ego sim . » 
ve The shail be Bucede whether they will or ct bole Restio.” 
The Jews employed flagellation as a » but ; 
tary act of devotional exercise, was ; 


itive Christians; neither does 


primi it 
the Thebaid added self-flagellation to 


the lives of Oe of ealf Rogella before the 
century never n amo 
which the above-mentioned saints inflic me “eg 
The first known instances of this kind of self-mortification occur _ 
about a.p. 400, and from that time th 
frequent till the year 1056, when Cardinal 
promoted by all his influence the practice of self. 
the learned author of the ‘ Annals, 
calls “a laudable usage of the faithful.” 
attended with great success, and the nsof 
religious dispositions were seen here armed with whips, thongs, — 


everyw! 
and rods, lacerating their own skins in order to draw down on them- 


4 
i 
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selves the blessings of Heaven. This practice began to spread so 
widely that many of the less bigoted clergymen endeavoured to dis- 
countenance it, but unsuccessfully, and it became every day more pre- 
yalent among the besotted crowds of that dark age. About the year 
1260 the intoxication was complete. People being no longer satisfied 
to ise similar mortifications in private, began to perform them in 

on pretence of greater humiliation. Regular associations and 

ities were formed for that purpose; and the extravagancies 
which they committed were of such a nature that even the contem- 
porary writers, although accustomed to such scenes, seem to have been 
struck with astonishment. The monk of St. Justina, the first author 
who gives a circumstantial account of these fanatics, says the practice 
was attended with good effects. 

“Then,” continues the same author, “those who were at enmity 
with one another hecame friends. Usurers and robbers hastened to 
restore their ill-gotten riches to their right owners. Others who were 
contaminated with different crimes confessed them with humility, and 
renounced their vanities. Jails were opened, prisoners were set free, 
and banished persons permitted to return to their native habitations.” 

This sudden repentance was the effect of the terror inspired by the 

belief that the end of the world was at hand. Such mental fever 
could not last very long, and indeed it seems to have soon subsided. 
But in the 14th century, when the imaginations of the people were 
excited by the terrible pestilence known under the appellation of the 
Which desolated all Europe during that century, the 


Christ was about to be abolished, and a new law, enjoining the baptism 
of blood, to be administered by whipping, was to be substituted in its 
lace. Not only all the scenes of the 13th century were re-enacted, 
the excesses of fanaticism became even worse than before. The 
flagellants spread over all Europe, and a band of them reached 
London in the reign of Edward IiI. Their number consisted of 120 
men and women. Each day at’an appointed hour they assembled, 
ranged themselves in two lines, and paraded the streets scourging 
their naked shoulders and chanting a hymn. At agiven signal, all 
with the exception of the last, threw themselves flat on the ground; 
and he who was last, as he passed by his companions, gave each a lash, 
and then also lay down. The others followed in succession till every 
individual in his turn had received a stroke from the whole brother- 
hood. The citizens of London gazed and marvelled, pitied and com- 
mended; but they went no farther. Their faith was too weak, or 
their skins too delicate; and they allowed the strangers to monopolise 
all the merits of such a religious exercise. The missionaries did not 
make a single convert, and were obliged to return without any other 
success than the conviction of having done their duty to an unbelieving 
ion. (Stow’s ‘ Annals.’) 

Early in the 15th century they re-appeared in Germany, and their 
leader, Conrad Schmidt, was burnt as a heretic in 1414; but the sect 
continued to exist nearly throughout the century, Their doctrines, 
however, were widely different from those of their predecessors. They 
taught that the Roman Catholic belief in the efficacy of the sacrament, 

, and prayers for the dead were false; and that faith and 
Hagellatica, with a belief in the apostle’s creed, were alone necessary 
far salvation. 

The purity of the first flagellants was not long rved by their 
followers, and it was but natural that a fanatical rabble, who thought 
‘that self-torment was a sufficient atonement for all possible sins, 
should fall into great excesses. The flagellants were soon accused of 
Many crimes; the celebrated Gerson attacked them in his writings, 
and Pope Clement VII. declared them heretics, and thundered out 
anathemas against them. The flagellants were persecuted everywhere, 
and of them were burnt as heretics. It was, however, with 
great diffculty that this sect was completely extirpated. For further 
particulars about the flagellants see all the ecclesiastical histories; and 
also Jacques Boileau, ‘ Histoire des Flagellans;’ an English 7g: mete 
of the same work appeared under the title ‘Memorials of Human 
: by one who is not a Doctor of the Sorbonne ;’ see also 
: Muratori's ‘ Antiquit. Ital. Medii Aévi,’ and Mosheim’s ‘ Ecclesiastical 


, or musical instrument, of the flute 
of a mouthpiece, in the manner of the old 
Its compass is two octaves, from Fr, the 
cleff, to ¥ in altissimo, The scale of the 
quadrille flageolet is rather more limited ; and that of the patent octave 
i ordinary instruments. 

two instruments, united by one 
producing, a8 its name indicates, double notes. The use 


wo the octave flute, or flauto piccolo, 
LAKE WHITE, [CoLourine Marrers. ] 
LAMBOYANT, a term employed by many writers to designate 
that style of French Gothic architecture which corresponds in time to 
what is called the Perpendicular style in England. The 
beget: few to it from the waving or flame-like curves of the 
tracery of the windows, &c. [Goruic Arncuirzcture.] 
FLAME is the combustion of gaseous or of volatilised fluid or solid 
matter. It is attended with great heat, and sometimes with the 


evolution of much light; but the temperature may be intense 
when the light is feeble : this is the case with the flame of h drogen 
gas, it being scarcely visible by daylight, though its heat is intense ; 
the combustion of hydrogen is then an example of flame resulting from 
the chemical action between it and the oxygen of the air. As there is 
no aehaicigg 2 the flame of this gas, the light which it yields is 
inconsi e; but it is tly increased by dusting finely divided 
charcoal into the flame. OTe cf =e rH 

Tn the burning of a candle, the wax or tallow being first rendered 
fluid by heat, rises in the wick, and although the wick supplies some 
hydrogen and carbon, by far the greater portion of these is yielded by 
the wax or tallow, which burn by the assistance of the oxygen of the 
air. The supply of hot vapour diminishes as it ascends, and eventually 
fails, and hence the flame of a candle gradually tapers to a point and 
then ceases, 

_ Two opinions have been entertained as to the mode in which flame 
is produced and propagated. According to Sir H. Davy, the flame of 
combustible bodies “must be considered as the combustion of an 
explosive mixture of inflammable gas or vapour and air; for it cannot 
be regarded as a mere combustion at the surface of contact of the 
inflammable matter; and the fact is proved by holding a taper or a 
ar of burning phosphorus within a large flame made by the com- 

ustion of alcohol ; the flame of the candle or of the phosphorus will 
appear in the centre of the other flame, proving that there is oxygen 
even in its interior part.” (‘ On the Safety-Lamp,’ p. 45.) 

In the opinion of Mr. Sym (‘ Annals of Phil.,’ vol. viii. p, 321), “the 
aa the flame is comparatively cool, the actual combustion 

i i over the surface, and concentrated at the apex.” Mr. 
Sym adduces many curious and important experiments in proof of his 
ga but the most decisive facts in its favour are those related by 

. Davies (‘ Ann, Phil.,’ vol. x., p. 447), and they a) fully to 
warrant the inference he has deduced from them, that the interior of 
flame will not support combustion, and that on account of its containing 
little or no oxygen. 

A piece eR ecm was placed upon a small wooden stand in a 
Wedgwood dish ; fp of wine was then poured into the dish in such 
a manner that it did not reach the phosphorus. The spirit of wine 
was lighted, and its flame completely enveloped the combustible body. 
In the course of a few seconds the phosphorus became fluid, and 
remained in that state upon the stand, and never in « single instance 
inflamed, until the aleohol was consumed or its flame extinguished, 
though in several instances the spirit of wine continued to burn for 
three or four minutes, The phosphorus always burst into a vigorous 
flame when the spirit of wine was extinguished. When the flame of 
the spirit of wine was blown upon, so that the edge of it came in ¢on- 
tact with the phosphorus, the phosphorus immediately burst into a 
flame; but the flame was instantly extinguished and the boiling 
resumed, as soon as the flame of the alcohol was restored to its natural 
position, 

Mr. Davies states also that a lighted wax taper surrounded by alcohol 
was extinguished when the alcohol was inflamed. 

That flame is merely a thin film of white hot vapour, and that its 
combustion is entirely superficial, while inflammable matter is con- 
tained within which cannot burn for want of oxygen, is proved by 
inserting one end of a small hollow glass tube into the dark central 
portion of the flame of a large candle or of a gas-light ; the interior 
unburnt vapour or gas will escape through it, and may be lighted at 
the other end of the tube. 7 
oes oon intense light, —T by Lieutenant Drummond in 

etical operations, is produced by passing a stream of oxygen 
directed through the flame of alcohol upon Time turned into the teen 
of small balls. He found the light emitted by the lime when exposed 
to this intense heat to be 83 times the intensity of the brightest part 
of the flame of an argand burner of the best construction and supplied 
with the finest oil. Lime has since been used with the oxy-hydrogen 
blowpipe for the illumination of the solar microscope. 

The brilliancy of flame is much diminished by various cooling pro- 
cesses; thus, when a piece of glass is put over or into the flame of a 
candle, it becomes covered with charcoal in the state of soot, which 
the diminished heat of the flame is incapable of burning. This takes 
place to a much greater extent with oil and tallow than with alcohol ; 
the latter containing less carbon and more hydrogen than the former, 
its carbon is not so readily deposited by cooling. 

It is on the cooling power of the metals with regard to flame, and 
especially of wire-gauze, that the construction of the safety-lamp 
depends. [Sarety-Lamp.] The uses to which flame is applied are 
numerous and highly important; it is employed for the purpose of 
giving heat in reverberatory furnaces and in the blowpipe, and for that 
of yielding light in gas- and oil-lamps and candles, It is to be observed, 
that flame is produced by various other chemical processes, and by 
other means than the combustion of substances containing hydrogen 
and carbon, though the latter are the elements from which it is 
obtained for all the numerous purposes of common life and manu- 
factures. 

FLAMEN, FLAMINES, one of the orders of priesthood in ancient 
Rome, like the Salii, the Feciales, and others, instituted, according to 
tradition, by Numa Pompilius. The Flamines were each destined 
to the service of some particular deity ; there was the Flamen Dialia 


FLANNEL MANUFACTURE. 


lo 
who was consecrated to the worship of Jupiter, and was the first in 
rank, the Flamen Martialis, who to the worship of Mars, 
Flamen Quirivalis, &, They enjoyed great consideration, and their 
wives, called Flaminica, the sacrifices and other sacred 
ceremonies. But with their privileges they were subjected to t 
restrictions ; they could not be absent from the city more than a single 
night; nor from their own beds more than two nights consecutively ; 
nor mount on horseback; nor touch a horse,a dog, or a corpse; nor 
swear an cath; nor wear a ring with stones, &c.; and if his wife died 
the Flamen was compelled to resign his office. The Flamines were 
nga te a peculiar pileus, or hat, of a conical shape, which 
was under the chin. Their number, which was originally 
three, was increased afterwards as new gods were introduced, and 
at even the emperors, being deified after death, had a Flamen 
appointed for them. The Flamines were chosen, the three named 
above from among the patricians, the others from the plebeians. 
FLANK of a bastion, &c., is the term applied in fortification to that 
abe of a work, the fire from which being in the direction of, and in 
t of, any work, would take in flank the attacking party, thereby 


most materially aiding in the defence, for it is evident that without 


such works to sweep by their fire along the foot of a high reyetment-) 


wall, or parapet, the attacking party would, when they reached such a 
position, be safe from the besieged, except in so far as hand- and 
shells rolled over the parapet could reach them. and might place their 
_sealing ladders, or carry on mining operations to break the ramparts, 
in perfect security. In fact, such has been done in Indian forts, where 
from the curvature or irregularity of the wall, the fire from the 
adjacent flanking towers was ineffective. The line of defence, or 
length of line flanked by a work, will depend on the range, &e., of the 


weapons used; with the old musket it was considered that 180 yards 
was the greatest le admissible, [Bastron.] 
FLANNEL MANUFACTURE, Flannel is made of worsted yarn, 


spun much more loosely than that for most kinds of garment cloths, 
and finished with a less amount of dressing; but the manufacturing 
operations are nearly the same in principle : and therefore it will suffice 
to refer to WOOLLEN anD WorsteD Manuracture for an account of 
the machinery and processes employed. It may be well, however, in this 
lace, to mention’a few specialities in relation to this branch of industry. 
ales is the country in which flannel was originally made; and the 
flannel produced there is still held in high repute for inner vests and 
other purposes. This superior flannel is made chiefly about the neigh- 
bourhood of Welchpool and Newtown; it is better than most of the 
English, but not socheap. The finest is made from the fleece of the 
Welch mountain sheep. Lancashire, and especially Rochdale and its 
neighbourhood, is the district where flannels are made more extensively 
than in any other part of the British dominions, perhaps than in any in 
the world. They are woven in that county in a great variety of width 
and substance; such as the thin gauze, the medium, the thick, the 
double-raised, and the swanskin flannels; some for home consumption, 
some chiefly for foreign. Machinery is more generally used here than 
elsewhere in the manufacture ; that is, the mule for spinning, and the 
wer-loom for weaving. Saddleworth, and the adjacent district of 
est Yorkshire, are remarkable for the manufacture of very fine 
flannels, which find a ready sale at good prices in London. A few 
cheap and common flannels are made in the Leeds district, retaining 
the natural colour of the wool. Inthe West of England, white and 
dyed flannels are made in small quantity, partaking somewhat of the 
quality of light cloth. Ireland produces coarse flannels, called Galways, 
moade of Irish-grown wool, and adapted for the native population. Of 
continental nations, France and Belgium produce the best flannels ; the 
fine light flannels of the first-named country are well adapted for 
dyeing or printing. ; 

The extent of the exportation of flannels cannot be ascertained from 
the Board of Trade returns, seeing that they are combined as one 
among several items belonging to the class of Worsted Goods, 

FLASK. In chemistry, a glass vessel of a more or less globular 
form, with a weck, used for heating liquids. 

FLAT, in music, a character originally represented by a small d, 
though time has somewhat altered its outline, and the following is 
now its form—p. The Flat is used to lower, or depress, by the degree 
of a semitone, any note in the natural scale. In ancient music, before 
the character of the Natural was introduced, the Flat was employed 
to reduce any note which had been made sharp, to its natural state. 
Where Flats are placed at the clef, they are always taken in the 


following order :— 
Ist, nd. 3rd. 4th. 6th. 7th, 


§ Bf A D @ OF 
When a Flat, not appearing at the clef, occurs in any other part of 
the composition, it only affects the bar in which it is placed, and is 
called an Accidental Flat, 


The Dovnre Frat (==) is frequently employed in very chro- 


6th. 


matic music, It lowers a note two semitones below its natural state. 


Thus, B double-jlat (=>) is, in fact, a natura lc. This character 


FLAX, 08 
is used chiefly in Enharmonic modulation [Exnanmonic], in hires it 
is practically convenient, if not absolutely necessary, occasionally to hay, 
an additional name for each note in the ic and chromatic scales, 


FLAVIN. [Urega, Diphenyl-urea.) 

FLAVINDIN. [Lxp1c0,} e 

FLAX (Linwn usitatissimum) is an annual plant, cultivated x 
time immemorial for its textile fibres, which are spun into 
woven into linen cloth. It has a green stem from a foot 
two feet high, and a blue flower, which is succeeded by a 
taining ten flat oblong seeds of a brown colour, from 
expressed, which is extensively used in manufactures and in 
There are several varieties of flax cultivated; the best seed 
Riga and from Holland. As the different varieties arrive 
at different times, and the stem rises to different heigh 
essential that the seed be not mixed, as this would occasion 
inconvenience and loss in the pulling of the flax. There is a 
long variety which is cultivated in the neighbourhood of 
Flanders; it requires a very good soil to grow in, and the stem 
long and slender that if it were not supported the least wind 
break it and lay it flat, in which case the quality of the flax 
much impaired and the quantity reduced. To 
stakes are driven into the ground in a line at it or ten feet 
each bape and ans Sianiien es are tied —" them with oziers 
foot or eighteen inches from the ground, forming a slight 
support the flax ; a number of bpepenak preetet pnege wy 
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a short distance from each other in parallel lines all over the field, 4 

the flax is thus prevented from being beat down. A better method, 

which is not commonly adopted, is to have stakes in regular rows, and : 

thin ropes tied to them instead of rods: id of fargo lengthways 
ind net i : 


.< 


and others across them at right angles, a 
over the whole fieid, and none of the flax can possibly be laid flat. 
using cheap rope or strong tar twine from old cables, the expenseis 
not very great, and much less room is taken up than by the rods. When 
the flax is pulled, the stakes are taken up, and removed to a dry place * 
till they are wanted again. ape 3 
The most common variety of flax is of a moderate length with a 
stronger stem: if it is not sown very thick it will throw out 
at top and produce much seed: it is therefore a matter of calculation 
whether it will be most profitable to have finer flax with less seed, or 
an inferior quality with an abundance of seed. ; 
There is a small variety which does not rise above a foot, grows fast, 
and ripens its seed sooner. When linseed is the principal object, this 
variety is preferred; but the flax is shorter and also coarser. * 
Another variety of flax has a perennial root, and shoots ont stems 
to a considerable height. It came originally from Siberia, and 
much recommended at one time, but its cultivation did not spread. I 
it were sown in wide rows and kept free from weeds by ing, it 
might perhaps be profitably cultivated for the seed; and if the flax is 
inferior in quality, it might still be of some value for coarse manu- 
factures; it requires however to be renewed every three or four years 
and sown in fresh ground. ed 
The soil best adapted to the growth of flax is a deep rich loam in 
which there is much vegetable mould. It should be mellow and loose — 
toa considerable depth, with a sound bottom, neither too dry nortoo 
moist ; either extreme infallibly destroys the tlax; it is thereforenot _ 
suited either to hot gravelly soils or cold wet clays, but 
as to uce flax. 


py a y 
oe ee eo L 


—_ =. 


re} 


the land is sufficiently clean, a crop of potatoes well manured may be” 
substituted with advantage for the fallow; but at least double the 
usual quantity of dung should be given to this =p im enough may 
remain in the ground for the flax. Lime may be used if the roll F 
contains a great portion of clay; but in the lighter loams there is ‘ 
doubt of its advantage for flax, At all events it should not be used 
immediately before the flax is sown, but for some previous Pe a 
ashes are excellent ; they improve the soil and keep off i Which 
are apt to injure the roots of the flax. For wan) ot. ener j 

made by the burning of weeds and earth in a smo firearea good _ 
substitute. But the most effective manure is the sweepings of the 
streets in towns mixed with the emptying of privies and the cleaning __ 
out of the butchers’ stallsandshambles. On light soils much manure is 
required ; and where night soil cannot be obtained in suflicient quan- 
tities, rape cakes, from which the oil has been expressed, dissolved in. 
cows’ urine, form the best manure. In many parts of Flanders 500, 
rape cakes are used for every acre of flax, es the usual quantity of 
Dutch ashes and of liquid manure, which is the drainings of du 4 
and the urine of cattle collected in a cistern and allowed to become 
putrid, “i 3 
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Tn southern climates flax is sown before winter, because too great 
heat it. It is then pulled before the heat of summer. 
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thaw i of Spring, would cause the flax to perish ; 
as early in spring as may be, so as to avoid 
This is in April in Great Britain and Ireland, 
Holland Flanders. In no country is the ground better 
for the growth of flax than in Flanders ; and it may therefore 
ing to follow the whole process of Flemish cultivation for 
preparatory to that of flax, which is the most im- 
portant produce in that country, and that which, when well managed, 
greatest profit to the farmer. The best flax grows near 
The soil is a good deep loam, rather light than heavy. It 
ich as the soil of the polders in Flanders and in 
but the tillage and cultivation are far more perfect, and the 
i more abundant, is of a finer quality. Every preceding 
ce to the flax, and is so cultivated as to improve the 

soil, which is abundantly manured in order to leave a 
in the ground. If the land has not been trenched 

to the depth of eighteen or twenty inches, it 
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after 
is ploughed again, care is taken that the place of 
shall be shifted a foot on each side. Thus in six 
whole soil is deepened and thoroughly mixed with whatever 


F 


manure has been put on. This produces the same effect as trenching, 
and eyen more perfectly. The whole of the land in which the best 
flax grows has been so treated for several generations, and may be 
looked upon as a jes of com eighteen inches deep. Potatoes 
deadin bbe. wicslty phuided ith a double portion of manure, after 
which wheat is sown, slightly manured; then rye with turnips sown 
the same year after the rye. These are taken up in September or 
October, and stored for winter use. The land been well weeded 
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cakes, as mentioned before. rrows are drawn over land, 
and it is left so a few days that the manure may sink in. It is then 
in harrowed and the linseed is sown broadcast by hand, v 
ideal ates, aboot one hundredweight and a half to the acre. rt 
bush-harrow or a hurdle is drawn over, merely to cover the seed, which 
eens serene tse were buried half an deep. According to 
the state of land it is rolled or not, or the seed is trodden in by 
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Aevel ieod ently ant ee it, Pres rotate flat 
ground to gently press a short time the plants 
and evenly, and with them also some weeds. 
is a few inches high the weeds are carefully taken 
children, who do this work on their hands and 
the weeds better and not to hurt the flax with their 
cloth round their knees, and creep on 
to the wind, if possible. This is done that the tender 
been bent down by creeping over it, may be assisted by 
in rising. This shows what minute circumstances are attended 
this industrious The weeding is repeated till the flax is 


generally obtained from Riga, it being 
wn seed is inferior after the 
tain that if a piece of ground 
flax could rise with a strong 
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it would be cheaper to raise it or to import it. 
When yellow at the bottom of the stem it is 
time to desired, such as is made into thread 
for lace the seed will be of little or no value. 
«dt is until the capsules which contain 
__ the seed are the seed formed. Every flax-grower 
paeeee be profitable on the whole. The pulling 
4 begins by small handsful at a time 
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are tied more firmly in the middle, and stacked in long narrow stacks 
on the ground. These stacks are built as wide as the bundles are long, 
and about eight or nine feet high. The length depends on the crop; 
they are seldom made above twenty or thirty feet long. If the field 
is extensive, several of these stacks are formed at regular distances ; 
they are carefully thatched at top, and the ends, which are quite per- 
pendicular, are kept up by means of two strong poles driven perpen- 
dicularly into the ground. These stacks look from a distance like 
short mud walls, such as are seen in Devonshire. This is the method 
adopted by those who defer the steeping till another season. Some 
carry the flax as soon as it is dry under a shed, and take off the 
capsules with the seed by rippling, which is drawing the flax through 
an iron comb fixed in a block of wood; the capsules which are too 
large to pass between the teeth of the comb are thus broken off and 
fall into a basket or on a cloth below. Sometimes, if the capsules are 
brittle, the seed is beaten out by means of a flat wooden bat like a 
small cricket-bat. The bundles are held by the root end, and the 
other end is laid on a board and turned round with the left hand, 
while the right hand with the bat breaks the capsules, and the linseed 
falls on a cloth below. The flax is then immediately steeped; but the 
most experienced flax-steepers defer this operation till the next season. 
In this case it is put in barns, and the seed is beat out at leisure in 
winter, When is housed, care must be taken that it be thoroughly 
dry ; and if the seed is left on, which is an advantage to-it, mice must 
be guarded against, for they are very fond of linseed, and would soon 
take away a good share of the profits by their depredations. 

Steeping the flax is a very important process, which requires ex- 
perience and skill to do it properly. The quality and colour of the 
flax depend much on the mode of steeping; and the strength of the 
fibre may be injured by an injudicious mode of performing this opera- 
tion. The object of steeping is to separate the bark from the woody 
part of the stem, by dissolving a glutinous matter which causes it to 
adhere, and also destroying some minute vessels which are interwoven 
with the longitudinal fibres, and keep them together in a kind of web. 
A certain fermentation or incipient putrefaction is excited by the 
steeping, which must be carefully watched, and stopped at the right 
time. The usual mode of steeping is to place the bundles of flax 
horizontally in shallow pools or ditches of stagnant water, keeping 
them under water by means of poles or boards with stones or weights 
laid upon them, Water nearly putrid was supposed the most effica- 
cious, and the mud was often laid over the flax to accelerate the 
decomposition : but this has been found to stain the flax, so that it 
was very difficult to bleach it or the linen made from it afterwards. 
The method adopted by the steepers of Courtray, where steeping flax 
is a distinct trade, is different. The bundles of flax are placed 
alternately with the seed end of the one to the root end of the other, 
the latter projecting a few inches: as many of these are tied together 
near both ends as form a thick bundle about a foot in diameter. A 
frame made of oak-rails nailed to strong upright pieces in the form of 
a box 10 feet square and 4 deep, is filled with these bundles set 
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Frame in which the flax is packed to be steeped in the river Lys in Flanders. 


upright and closely packed. The whole is then immersed in the river, 
boards loaded with stones being placed upon the flax till the whole is 
sunk a little under the surface of the water. The bottom does not 
reach the ground, so that the water flows over and under it, There 
are posts driven in the river to keep the box in its place, and each 
steeper has a certain portion of the bank which is a valuable property. 
The flax takes somewhat longer time in steeping in this manner than 
it does in and putrid water, and it is asserted by those who 
adhere to the old method that the flax loses more weight; but the 
colour is so much finer that flax is sent to be steeped in the Lys from 
every of Flanders. When it is supposed that the flax is nearly 
nenad vetheibaty, which depends on the temperature of the air, the 
flax being sooner steeped in warm weather than in cold, it is examined 
carefully every day, and towards the latter part of the time several 
times in the day, in order to ascertain whether the fibres readily 
separate from the wood the whole length of the stem. As soon as this 
is the case the flax is taken out of the water: even a few hours 
more or less steeping than is necessary will make a difference in the 
value of the flax. If it is not enough, it will not be easily 
seutched, and the wood will adhere to it. If it has been too long in 
the water, its strength is diminished, and more of! it breaks into tow. 
The bundles are now untied, and the flax is spread evenly in rows 
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separate from it of their own accord. It is then taken up, and 
as soon a8 it is quite dry it is tied up again in bundles, and carried 
into the harn to be broken and heckled at leisure during the winter. 
In the domestic manufacture the flax is broken or scutched at home, 
when the weather prevents out-door work. The common break con- 
sists of four wooden swords fixed in a frame, and another frame with 
three swords which fit in the interstices of the first by means of a 
joint at oneend. The flax is taken in the left hand and placed between 
the two frames, and the upper frame is pushed down a it. 
It breaks the flax in four places, and by moving the left d and 
manny sepenting the strokes with the right the whole handful is soon, 
broken. It is then scutched by means of a board set upright in a 
block of wood so as to stand steady, in which is a horizontal slit about 
three feet from the ground, the edge of which is thin, The broken 


Upright board to clear the flax of the wood. 


flax held in handsful in the left hand is inserted in this slit, so 
project to the right, anda flat wooden sword of a peculiar shape is 
in the right hand; with this the flax is repeatedly struck close to 
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Fiat sword or scutcher. 


t board, while the part which lies in the slit is continually 

by a motion of the left hand. This tion beats off all 
the pieces of the wood which still adhere to the fibre, without breaking 
it, and after a short time the flax is cleared of it and fit to be heckled. 


But the operations of breaking and scutching are tedious and laborious 
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completely broken without injuring 
lished in the same mill by means 
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e coarsest first, and the finest to 
of smoothness and finish to the flax. The opera- 
is performed by the workman a handful of 
the middle and drawing first one side or end and then the 
the teeth of the heckle until every particle of extra- 
neous matter is removed, and the whole of the filaments are arranged 
in distinct, even, and parallel fibres. 

The cultivation of flax in this country, notwithstanding the energetic 
advocacy of enthusiastic men, and even of societies established for the 
coger has been if anything declining. Mr. Warner, of Trimming- 

near North Walsham, in Norfolk, advocated the cultivation of the 
crop with great energy for several years, and induced many to attempt 
it: and in Ireland a society for the encouragement of its cultivation 
was supported by a government donation, and employed Belgian and 
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other teachers to explain in the different localities the best m: 
cultivation. The system of steeping for weeks in order to 
the separation of the fibre, is now very displaced in. 
country by Schenk’s method of soaking for a i 

of warm water; and wherever manufactories on 
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the ordinary economy of labour on onr farms, that it is 
general or ndiaaeing vourite with the British farmer. 
FLECHE, a work consisting of two faces, which form a 
angle. It is constructed at the foot or beyond the glacis of a 
er to give an advanced musquetry fire, when such is 
the conformation of the gro to see down a small ravine or hollow 
for instance, or to enfilade a besieger's trenches. , 
FLETA is a commentary in Latin on the entire body of the English 
law, as it stood at the time when the author wrote. pig i 
have been written about the thirteenth year of the reign of Edward L, 
as the statutes one ee a ee ee 
while that of Westminster II. is often quoted, e author 2s 
the reason for the title of his book, that it was written during his con- 
finement in the Fleet Prison: who he was is not known. The author 
has followed Bracton in the matter and manner of his work, ng 
adopted his , and in many instances transcribed whole pages from 
him. He also followed Glanville in many instances. Various obscure 
Panes ot Dee eat ere ee eee (Reeve's 
‘Eng. Law.’) 
+The work was originally published by Selden from an ancient manu- 
script in the Cottonian Library, with a small treatise in law 
French, entitled ‘ Fet Assavoir,’ which is a collection of notes concern- 
proceedings in actions, and a learned dissertation by Selden him- 
Two editions only have been published in 
the other in 1685, which last corrects h 
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the onl Ce eet ts,and other persons who 
formerly have 


Marshalsea 


wae ; 
arms of 


have considered it as the flower whi 
eee ee eee a France from Flanders; others 
that Louis VII., who i 

allusion to his name of 


counter seal. The were ori borne semée, without 
to number: according to common belief Charles VI. was the 
first of the French monarchs who reduced them upon his shield to 


three. Le Blanc, however, 
upon the seal of Philip de Valois, as well as upon an i of a 
seal of John, King of France, appended to a charter of 1855. Much 
upon the history of the fleur-de-lis may be seen in Furetidre’s ‘ Dic- 


tionnaire Universel,’ v. ‘ Lis ;’ and more we cacy: in 's ‘ Histoire 
du Drapeau, des Couleurs, et des Insignes de la chie Francaise,’ 
8vo, Par. 1837, tom. ii. Upon crowns and the tops of sceptres the 
Jleur-de-lis was used by other nations as well as Trante from a very — 


PLEXIBI ; 
ILITY is a property of bodies by which they yield trans-— 
versely, on the application of some power. ere is no substance that 
is not more or less flexible, because there is no substance that is per- 
fectly rigid, and if ne a body be imperfect it must be to 
some extent flexible, property is distinct from Exasticrry, as it 
pe a pec ty een bode acted ee 
— w the power is remo 
high daeves wool, silk, hair, and the like, possess 
, 
of the two last materials are more Lariam when heated. 
The property is so much the more sensible as fibres or rods : 


a. 

en a body instead of 7 | and changing its form under 
action of a vi eg breaks, le said to be 
flexibility and brittleness are present in 
bodies, and under certain conditions either property may 
to the same body ; brittleness, however, being rather a consequence 
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) hardness than an independent property of matter. If iron, steel, 
brass, and , be heated and suddenly cooled in cold water, they 
become brittle, but if after being heated they are buried in hot 
sand, and allowed to cool slowly, they lose their brittleness and 
become flexible. 

, The deflexions of beams or bars in vertical and in horizontal positions, 

i. when strained by weights, will be noticed under MatTErrats, STRENGTH 
or ; and the employment of the fibres of hemp and of iron or copper 

in the formation of ropes will be explained under Ropes. Ropes 

‘of metal are said to be even more flexible =a 

the capabilities of suspending weights being equal, e 

being, of course, less in circumference than the latter. 

mathematical theory for the vibrations which may take place in 
which is perfectly flexible, when small forces are applied to all 
ints; and the investigation of formule for determining the 
and velocities of the points at the end of a given time, may be 
Poisson’s ‘ Traité de Mécanique,’ No. 482, &c., edit. 1833, 
URE, CONTRARY. A point of contrary flexure in a curve 
at which the branch of the curve ceases to present convexity to 
ight line 7 Bat it, and i bra present concavity, or Best 

Curve.] But when a straight line passes through a point o! 

, the curve presents either convexity on both sides or 

sides. 


ical test of a point of contrary flexure is a change of 
differential coefficient of either of the two, abscissa 

ordinate, with respect to the other. It is frequently stated, in 
works on the differential calculus, that the sole test of such a point is 


=0, where z and y are the abscissa and ordinate. This is not 

correct; the above equation may be true when there is no contrary 

flexure, and there may be contrary flexures when the above is not true. 

; It is necessary aad sufficient for a point of contrary flexure that +4 

should change its sign, which cannot be except when it is nothing or 
? infinite. Examine therefore all the roots of the two equations, 
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and such of them as are accompanied by change of sign give points of 


For instance, let the equation of the curve be 
y=825 — 20cct + 5023 — 6022 


#4 _ 6 (a3 — 427 + 5 — 2)=60 (w—1)* (x —2) 


then 4-0 when «=1 and when «= 2: but there is only a point of 
contrary flexure when «= 2, for when «=1 there is no change of 


oP LEXURE OF COLUMNS. a STRENGTH oF.) 


FLIBUSTIER. 
FLINT-GLASS. [Gtass.] 
eee IQUOF OF, is a solution of flint or silica in the alkali 
‘ 3 it 
hy of 


+ of the fluid compound is poured out of the crucible, crystals are 
q IpiaaA in the residual portion, which, i 


FLOOR-CLOTH tsa 
_ _FLOO is made partly of hemp and partly of flax, the former 
_ being the cheaper of the two, but the latter better fitted to retain the 
ot prendlhy adhe As a means of avoiding the necessity for 
c joinings in the cloth, looms are constructed expressly for the 
aving of the canvas, of the greatest width likely to be required. As 
t to the floor-cloth factories, the pieces of canvas have generally 
three scales of dimensions: 100 yards long by 6 wide, 108 yards 
8. flax and hemp are spun, and the canvas 
in Scotland, chiefly at Dundee ; the degree 
of fineness is generally such as to present about 16 or 18 threads to the 
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the frame ; when all is uncoiled and the canvas hooked on all four of 
its edges, the sides of the frame are so drawn by winches and levers as 
to stretch the canvas to a degree of tightness nearly equal to that of a 
drum, notwithstanding the extent of the surface (from 1500 to 1800 
square feet). Here the canvas remains many weeks, during most of 
the processes. 

Before the imprinting of the pattern which forms the most con- 
spicuous feature in floor-cloth, the surface of the canvas requires a 
great deal of preparation, to render it smooth and durable. The pat- 
tern is applied on one surface only ; but both surfaces are painted and 
prepared, the back before the front. A wash of melted size is applied 
by means of a brush to each surface; and, while this is yet wet, the 
surface is well rubbed with a flat piece of pumice-stone, whereby the 
little irregularities of the canvas are worn down, and a foundation is 
laid for the oil and colour afterwards to be applied. To work over so 
large an extent of surface, the workmen are provided with narrow 
seaffoldings, built up in front of, but not in contact with, the surface 
of the canvas: one scaffold being in front and another behind the 
canvas. 

When the size-preparation is dried, the painting begins. The paint 
employed consists of the same mineral colours as those used in house- 
painting, and, like them, mixed with linseed oil; but it is much 
thicker or stiffer in consistence, and has very little turpentine added to 
it. The first layer of paint is applied with a trowel; or rather, the 
paint is dabbed on in large masses here and there, by means of a brush, 
and then levelled and spread by means of a kind of trowel 12 or 14 
inches in length. Ten or twelve days are required for this thick 
coating to dry; and at the expiration of this time a second coating is 
laid on, thinner than the former, and applied with a brush instead of a 
trowel. These two layers of paint are all which the back or hinder 
surface of the canvas receives; but the front or face receives a greater 
thickness, and undergoes a greater number of processes. For instance, 
after the sizing, the surface is rubbed down with pumice-stone ; then 
comes the trowel-colour, followed by a second rubbing with pumice ; 
and then two, three, or more layers of colour, applied with a brush, 
each coating being followed by a rubbing with pumice before the next 
one is applied. The surface has by this time acquired a great degree 
of sm: , and the general substance suppleness and pliability. 

The prepared canvas is next removed from its vertical position in 
the frame, and wrapped round a roller, which is so placed as to allow 
the canvas to be uncoiled and spread out on a table to be printed. 
The printing of floor-cloth is conducted much on the same principle 
as that of paper-hangings for rooms. [Paper-Hanornes.] Both are 
examples of colour-printing ; that is, the successive application of two 
or more blocks or bg: aoe surfaces, each one giving a different part 
of the device from the others, and being supplied with paint of a 
different colour. In the infancy of this art the pattern was given by 
means of stencil-plates; thin plates of metal or of pasteboard were pierced 
with holes at eee aye intended to form the pattern, and the paint was 
so applied as to fall through these holes upon the surface of the canvas 

out beneath. It was about a century ago that the use of wood 
blocks superseded that of stencil-plates for this-purpose. The first 
block so employed was about 15 inches square, and had a simple device 
of zigzag lines cut upon its surface; when this was pressed face down- 
wards on a cushion coated with wet paint, it took up a layer on all the 
raised parts of the device, and was then in a fit state to impart its 
impress to the canvas. The increased complexity arising from the 
employment of several colours was a feature of later introduction, 
at present conducted, the printing of floor-cloth with several 
colours requires much care on the part of the designer before the 
painter enters on his department. In the first place, the device is 
carefully drawn on the full scale on a stiff sheet of paper, and is 
coloured fully in every part according to the exact appearance which it 
is intended to present on the canvas. A second piece of paper is 
placed under this, and with a pin or pricker a series of holes is made 
through both papers, following the outlines of the pattern so far as 
regards one colour, which we may sup to be green ; another blank 
per is placed under the pattern in lieu of the former, and the out- - 
ines of another coloured portion of the device are marked through 
both papers with the Laace oA and so on as many times as there are 
colours, the outline of eachcolour being transferred to a paper distinct 
from the others. An equalnumber of blocks of wood are then pre- 
pared; these consist of hi erties of white ‘ow and one of pear- 
tree wood, ranged at right angles with respect to the grain, to prevent 
ing ; ian Fong about fifteen inches square, by two anda half in 
Sikeon, the pear-tree surface is the one on which the engraving 
is to be executed. One of the pricked papers is laid down on a 
prepared block, and a little bag containing pounce or pounded charcoal 
is daubed all over it; the powder enters the pin-holes, and leaves upon 
the surface of the wood a series of dots sufficient to guide the carver 
in working out the design, which he does by cutting away all the 
surface except where the lines of device are marked, All the other 
blocks are treated in the same way; and it is easy to see that each 
one is left uncut at those parts which are cut away in all the others, 
80 as to avoid confusion of colours. 

The blocks (which we will suppose to be four for one pattern, red, 
yellow, blue, and green) being ready, and the prepared canvas spread 
out on a flat table, the printing commences, The paint (say red) is 
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applied with a brush to the surface of a pad or cushion formed of 
flannel covered with floor-cloth ; the block, held by a handle at the 
hack, is placed face downwards on this cushion, and the layer of paint 
thus obtained is transferred to the surface of the canvas by pressing 
the block smartly down on the latter. A second impression is made in 
a similar way by the side of, and close to, the first; and so on 
throughout the and breadth of the canvas; each impression 
being about 15 inches square. The proper junction, or register, of the 
suecessive impressions is aided by pins at the corners of the blocks, 
When the whole surface is thus printed with one colour, all the other 
three are similarly applied in succession. Such would likewise be the 
case if the number of colours was more than four; but the greater the 
number the greater would be the care necessary in adjusting the 
numerous partial impressions so as to ensure a proper arrangement of 
the whole. 

In printing floor-cloth for passages and stairs, where the width 
seldom exceeds a yard, the canvas is prepared in the frames as in other 
eases; but it is cut up into strips before being printed, and has 
usually a border given to its pattern by means of blocks much 
narrower than those employed in other cases, Where there are large 
patches of one colour in the pattern of floor-cloth, they are not given 
by smooth surfaces on the block, but by means of little projecting 
squares technically called teeth ; the reason for this is, that if a surface 
two or more inches square were laid on wet paint, it would not take up 
the paint equally, but would exhibit it in an unequal splat; whereas, 
if the surface were broken up into a number of smaller surfaces by 
means of lines cut in various directions, these lines would act as air- 
vents, and the paint would be taken up pretty equally by the little 
squares or teeth. 

One among the features which distinguish cheap oil-cloth (so-called) 
from good, is the hastiness with which the processes are conducted ; 
the paint has often insufficient time for drying, and is sold for use 
before it is fitted to bear the friction of the feet. It has been suggested, 
with some probability, that floor-cloth, especially when thus insuffi- 
ciently dried, may tend to rot the boards of a flooring in a damp room, 
by Bayer the free escape of vapour. 

. Loudon (‘ Encyclop. of Cottage and Villa Architecture,’ p. 345) 
notices a suggestion for the use of paper instead of floor-cloth or carpet. 
The carpet, according to this suggestion, is formed in the first instance 
of any fragmentary pieces of linen, cotton, canvas, or other material, 
sewn up to the required size. This cloth is stretched on the floor of 
a large room, and kept down in its place by being pasted round the 

On this foundation stout paper is pasted; two thicknesses 
being applied in every part, with the joints so arranged as to be but 
little perceptible. On this a surface of wall paper is pasted; and here 
an opportunity for the exercise of taste is afforded, since a variety of 

ing patterns may be obtained by the judicious combination of 
fragments which are in themselves of very little account. When the 
pattern is thus far produced, it is coated twice with warm melted nye 
applied so as to into ev: of the r, and to pre it for 
the reception of the varnish. mt ayd more Cattags of boiled Tinseed oil 
are applied after the size, and to the oil succeeds copal varnish. Of the 
floor-covering so produced it is said, “ these carpets are portable, and 
will roll up with about the same eage as oil-cloth; they are very 
durable, are easily cleaned, and if made of well-chosen patterns have a 
very handsome appearance. Where labour is cheap the cost will be 
very trifling ; the materials being of little value, and the expense con- 
sisting chiefly in the time requisite to put them together. Where 
cloth cannot be easily procured, the carpet may be made by pasting 
paper to painted boards; when by repeated coats of paper it has 
become strong and firm, it will separate from the paint and will be as 
durable as if mounted on any kind of cloth. For earth, brick, or stone 
floors, in order to render them impervious to damp, these ts ma’ 
be made with two faces, by pasting paper on both sides of the elo 
which forms their basia, well oiling or varnishing them on the 
under as well as the upper surface; they may also be bound with 
leather or any strong substance, to prevent moisture from penetrating 
to the paste.” 

It has also been more than once suggested, that ‘Geographical 
carpets’ might advantageously be constructed for school-rooms and 
similar apartments. By this term is meant the employment of a 
carpet or covering in which the lines of a map are substituted for a 
regular pattern. There would, as Mr. Loudon has stated, be a 
deal of difficulty in working out the idea, since it would have to be 
decided whether the pep ee pe be printed before being laid down as 
a carpet, or filled in by hand afterwards. The choice of material too, 
whether linen, holland, or paper, would be attended with some diffi- 
culty ; but such a map, especially if the northern portion of it were 
directed to the northern side of the room, would not be without its 
value in rendering the position of a country or district familiar to the 
inmates of the room. 

Messrs. Goodyear have recently patented a new kind of floor-covering, 
intended to combine at once the qualities of durability, softness, 

lasticity, and ch Carpets are expensive, and not adapted for 
halls or public rooms; floor-cloth is wanting in softness and elasticity. 
It was to meet this want that the substance called Kamptulicon was 
invented some ago. Many persons consider, however, that the 
kamptulicon, o used the floors of churches and other large | 


buildings, has a tendency to become brittle after some time of usage. 
this as it may, Messrs. Good: have devised mode of combining 
cork, cotton, wool, and other fi materials, with india-rubber, and 
ees Oe wires wees Se In 

is state, the + or floor-covering undergoes a embossing 
—_ we colours, When thorough dried, it ° 
the ity and noiselessness of a velvet 
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terer’s Work, and attention will in this article only be 
parts of floors which come exclusively within the 
and joiner. 
loors are either simple, or single-joisted floors ; 

In the former, the ceiling and floor-boards are attach: 
joists, which are made strong enough to carry the weight 

rought upon them, without any intermediate sw In the , 
floors, a more complicated of construction is adopted, 


2S 


girders are introduced to divide the bearing, and to them are attached, 


7 


; 


as the case may be, binding-joists, bridging-joista, and 
the two latter of which respectively the floor-boards and 
ceiling. It is usually considered that a e-joisted floor is, in 
portion to the cubical quantity of wood it contains, stronger that 
framed floor; but, as Tredgold sie Pig: sap remarks, when 
bearing of the joists becomes considerable, the ceilings of fiero 
floors are liable to be affected by the natural movements of the timber ; 
and at all times it is easier to execute the works required to 
the transmission of sound in a framed, than it is in a single- 
floor. [Sounp Boarps.] a 
The weight a floor may have to carry must of course depend upon 
inded East's, gresiar ‘weight han 48 Ibe. por foot, wuporSlal 
in it a ter weight su) 1 ¢ 
spplied, whilst Scatinon akon and assembly-room floors, it is oes 
ble to count upon a load equal to 80lbs. per foot, 
bridges, upon a weight of 200 Ibs. per foot ; if corn or grain 
stacked upon a floor, it is even desirable to calculate upon a 
250 Ibs. on the superficial foot. Upon these data the t 


timbers of a floor may be calculated by the formula w ay 94-4 
over 


a 
sre 


2 
cs 


shee 
breadth in inches; d = the th also in inches; 7 = the clear 
of the bearing in feet ; and c =the coefficient of strength of the 
descriptions of wood. Tredgold gives, in his ‘Elementary Principles 
of Carpentry,’ some more general empirical formule for : 7 
dimensions of the various details of house floors; and as bay are 
perfectly safe, nay, rather in excess of the absolute requirements of the 
cases they are designed to meet, they may be unhesitati 

by practical builders. By scantlings of girders he calculates from the 
formula (No, 1.) } = —g~; in which 6 = the breadth, and d, the 
depth in inches, and J = the length, in feet, between the ab 
The scantlings of binders he caloulates by formula (No, 2.),b = Fy; 
in which the same numeration is preserved. The scantlings of single 


rT) 
joists he calculates by formula (No. 3,),@ = 2°2 (F) 3; and thoge of 
“647 o 
ceiling-joists by the formula (No, 4.),d = >. Tables calculated upon 


. 3 
these formule are given in the body of the work above-quoted, pages 


261 to 264, ? ye 
of single-joisted floors seems 
fie 08 btain 
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Practically the limit for the 
be fixed at from 20 to 24 feet; for although ee a ; 
timbers deep enough to carry the loads of floors oy oe yet 
the depth becomes so considerable as to render the use of double 
preferable, even without reference to the danger and inconvenic 
arising from the shrinking, or warping, of the jo’ The ee fa 
convenience may be obviated, by the introduction of a hype 
is now yery general in London, known by the name 0} ng-00 
strutting, in which the joists are kept in their places by 
means of cross-struts nailed at the sides of the joists, 
whose rigidity and steadiness are thus greatly increased. [7 
Another practical observation is to be made with respect [| 
to single joists, namely, that they must be wide enough [| 
to afford a hold to the floor brads; perhaps a : 
minimum width equal to one and a half times the thickness of the 
floor boards used upon them may be admitted. - 

A by en of more than 24 feet in a double floor can rarely be aceom- 
plished with ordinary timber 


ers; and it therefore becomes neces 
sary to resort to the use of Trussed, or of Cast Iron, or of Wrough 
Iron, Girders, Of late years the latter are almost exclusively used, on 
account of their greater elasticity, and of their giving 2 
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notice of their possible weakness. Cast iron, in fact, breaks suddenly 
under an excessive load, without warning; wrought iron yields gradu- 
ally. The rules for calculating the strength of metal girders will be 
found under the head of Girpers; they have been derived from the 
ld, Fairbairn, Barlow, and Hodgkinson. 
In France, much attention is paid to the construction of a species 
floors, in which a framework of }{ rails, with smaller 
rod intermediate bars is formed, and the spaces are filled in with 
the very energetic plaster obtained by the calcination of the gypsum 
_ of the Paris basin. On the top of this artificial landing, sleeper-joists 
are bedded, and the floor boards are nailed to them, in the better classes 
of rooms; whilst in the offices, or in the attics, the tiled floors are at 
_ once bedded on the joists and filling-in materials. This kind of floor 
has been imitated in England, and the plaster has been replaced by 
cement concrete; the principle of construction remaining the same, 
namely, the formation of an artificial landing, bearing upon the external 
walls. Thefe are great advantages in these systems of fire-proof floors ; 
but it is to be observed that they load the walls to a dangerous extent, 
and that in cases the plaster, or the concrete used, exercises a 


powerful lateral upon the walls. 
The flooring itself is, in England, usually executed of white or 
yellow deals, or ; in France, it is almost invariably executed of 


Wainscot, in narrow widths, laid either with a straight joint, or in 
herring-bone fashion ; in Holland and Germany, the ordinary practice 
is to use wide timber slabs, which shrink and crack in a very disagree- 
able manner. The boards are usually grooved and feather-tongued, or 
in the best descriptions of work ; and occasionally, when it 
to introduce ornamental decoration in the floors, a second 
of variously coloured woods is laid upon a coarser sub- 
; the upper layer is usually known under the name of Parquet 
The thickness of the single floor boards, or battens, in 
, is usually made tu range between 1 and 14 inches; but the 
are rarely more than 1} inch thick. 
A, in the Roman mythology, was the goddess of spring and 
and the wife of Zephyr. A flamen was appointed to her 
Numa. Her temple stood near the Circus Maximus. The 
were festivals celebrated in honour of Flora, from the 28th of 
to the 2nd of May. Instead of the fights of wild beasts, hares 
rabbits were exhibited and chased about on those occasions ; and 
loose character performed dances and mimic fights, throwing 
chick-pease among the crowd. The Adiles presided at these 
(Cicero ‘In Verrem,’ v. 14.) The ground on which the games 
is still called Campo di Fiora; it forms one of the 
of modern Rome, and serves as a market-place. Some pretend 
Flora who bequeathed this ground to the Roman people was a 
_ mistress of Pompey, the remains of whose theatre are close by. But 
the floral were instituted long before Pompey, at the beginning 
of the 6th century of Rome. They were no doubt originally annual 
of the country people. The festival was discontinued for awhile, 
was restored in B.c. 173, in consequence of the blossoms of the 
fruit trees having in that year been severely injured by storms. As 
long as they were held, the floralia were scenes of the most extravagant 
 licentiousness. The May games and floral games of the middle ages 
-were the direct descendants of the Roman floralia. The term (“jeux 
floraux”) was applied to the more refined poetical assemblies and 
‘competition for prizes held at Toulouse. [Cremence Isavre, in 
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/ ~ [Movyzy.] 

. OTSAM, is such portion of the wreck of a ship and the cargo as 
continues floating in the water. Jetsam is where goods are cast into 

the sea, and there sink and remain under water; and ligan is where 
hey are sunk in the sea, but are tied to a cork or buoy, in order that 


_ they may be found again. 
Se ead tetanoce and uncouth appellations are used to distinguish 


Flotsam, j 
toc in a after they are taken possession of by the persons 
ot! erwi entitled. ate accounted so far distinct from legal 

’ by the 8 grant of wreck, flotsam, jetsam, and ligan 


il 

Wok ins been frequently granted to lords of manors as a royal 
franchise; but if the king’s goods are wrecked, he can claim them at 
any time, even after a and a day. 
_ FLOUR; FLOUR Under the heading Wrspmtt1 will be 
found an account of the 


ce : in the substitution of steam- 
Power for wind-power, or in the adoption of new forms of grindstone. 


ile the upper 
axis, with a speed of 100 to 120 
are channelled 


f on @ 
per minute, The surfaces are cl or grooved, to 


increase their frictional effect ; and they are placed so nearly in contact 
that grains of corn between them are crushed to powder. Now it is 
found that, owing to the weight (often 14 ewt.), size, and velocity of the 
upper stone, the flour is much heated before it can escape from the edge 
of the two stones; it is overground, and is apt to clog into lumps. 
Millers and millwrights have long sought for a cure for this evil. Some 
have tried to vary the shape of the grinding surfaces of the stones ; while 
others have sought rather to direct a cold blast of air between them, in 
order to keep the grain and the flour cool, to separate the grains, to 
allow all to be acted on equally, and to prevent clogging and pastiness. 
To insure some or other of these results has been the main object of 
numerous inventions by Corcoran, Gordon, Taylor, Bovill, Pinel, 
M‘Lellan, Banks, Goodier, Westrupp, Spiller, Valck, Seeley, Schiele, 
Harwood, White, and others. To notice briefly a few plans is all that 
need be attempted here. 

Bovill’s invention comprises five different elements: a mode of 
driving two ranges of millstones from a central horizontal shaft by - 
means of half-crossed straps, which pass from the horizontal shaft to 
riggers or pulleys on the vertical spindles of the ranges of millstones ; 
an arrangement for drying meal and flour by means of steam and hot 
air, instead of kiln-drying the grain previous to grinding; a mode of 
applying steam to give moisture to. manufactured flour, which, after 
grinding, is in too dry a state; an arrangement for washing grain to 
separate its impurities, and then drying by currents of hot air; and 
lastly, a mode of employing machinery in combination with millstones, 
having apertures covered with wire-gauze or other perforated material, 
in order to facilitate the passing away of the ground flour through the 
apertures. All these parts combine to produce a very efficient grinding 
apparatus. 

White's apparatus comprises several new principles. While the upper 
stone is revolving, the rhyne or connecting piece between the driving 
spindle and the stone is forced wpon its upper side, in such manner as 
to serve for a rolling or crushing bed for the preparatory crushing 
rollers. Immediately over this rolling surface are placed the small 
crushing rollers, adjustable to distance by screws. The grain to be 
ground passes through a hopper upon the flat rolling surface driven 
round by the millstone spindle. The revolution of a flat dise rolling- 
plate causes the two crushing rollers to turn upon their respective axes, 
and thus to crush the grain as it is fed between the rollers. As the 
grinding proceeds, the crushed grain falls off the rolling-plate, and 
reaches the surface of a distributing-plate. The top of this distributor 
is corrugated radially, to aid in the distribution of the grain. The 
distributor is made hollow, for the passage of cool air; it has four or 
five air-holes, which are horizontal curved passages ; the outer ends of 
these holes terminate at the junction of the grinding surfaces, while 
the inner ends open into a central aperture in the distributor commu- 
nicating with a descending trumpet-mouthed tube. Air enters by these 
trumpet-mouthis, in consequence of the suction exerted by the cham- 
bered air-distributor ; the current is strongest just where the grain is 
most severely acted on and requires most cooling, and then the air 
escapes by the five or six holes. 

In Westrupp’s conical mill, there is a conical revolving stone placed 
beneath a fixed stone. The upper stone is a cone, hollow beneath, and 
the lower one is a cone fitting into it; the two being susceptible of 
easy adjustment, according to the size and condition of the corn to be 
ground. On account of the conical form of the rubbing surfaces, the 
flour leaves the mill very easily. It grinds the corn more completely 
than an ordinary mill, leaving less farina in the bran; for the bran 
remains awhile after the flour is expelled, and then falls by gravity to 
another pair of stones, where the remaining farina is ground out of it. 
It has been asserted that this mill obtains one shilling’s-worth more of 
flour from a quarter of corn than the ordinary mills, and that the flour 
is better in quality ; but this is a statement requiring confirmation. 

Schiele’s anti-friction corn-mill is an application to practical purposes 
of a peculiar curved surface, which Mr. Schiele discovered ; or rather, 
a concave revolving surface rubbing against a convex fixed surface, to 
prevent a kind of irregular friction which results from the contact of 
eonical surfaces. The gradual variation of the curvature, in relation to 
the increasing distance of the parts fronr the centre of motion, equalises 
the rubbing pressure. The wear upon the stones is uniform in all 
parts ; and it is expected by the inventor that there will be no need to 
re-dress the stones until actually worn down many inches equally alt 
over. 

M. Falguitre, a Frenchman, has invented 4 mill comprising a pair of 
vertical stones revolving at high velocities; they weigh together less 


. than lewt., and are made small and portable for use in camps and 


ships. The grain is fed down from a hopper into a horizontal cast-iron 
pipe, with an Archimedean screw inside; the screw carries it to the. 
other end of the pipe. The stones are fixed in a pair of frames, sur- 
rounded by a copper casing in two hinged halves, The running stone 
is carried upon a separate shaft driven by a band. The stones are con- 
cave at their travelling surfaces, and’ the grain is conveyed into this 
space from the tube. 

The gruaux flour of M. D'Arblay attracts much attention on the 
continent of Europe, on acount of the great extent to which the 
finest and most nutritious part of the flour is retained. Hard wheats 
of all kinds, especially Sicilian, Russian, and Sardinian, from the large 
per centage of gluten which they contain, are the best adapted for the 
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gruaux principle of grinding. The grain is first d in a mill; the 
white ee are then Be! org course sieves and re-ground ; 
and, finally, the flour is repeatedly through fine silk sieves. 
The flour produced by this tedious and expensive process is of the wey 
finest description, especially for pdtea and the most delicate b 
The average produce of flour thus obtained is only 25 per cent. the 
weight of the grain ; therefore, it is necessarily high in price. 

We may here notice a singular mode of drying grain adopted by 
Messrs. Kennedy and Armstrong at Lisburn, in Ire They employ 
an old shot-tower, in which orated plates are fixed in a zigzag direc- 
tion from top to bottom ; hot air is admitted to the under surface of 
each plate, and grain falls on the upper surface. Down these plates the 
grain passes ; and, by an ingenious contrivance, at the zigzag corners it 
is turned over during its , 80 as to be acted on equably. The 

of descent and the heat of the air can be regulated according to 
circumstances. The weight of the grain turns a discharging wheel at 
the bottom; and a pendulum, attached to the wheel, regulates the 
rapidity of the discharge of the grain, and also acts as a meter of quan- 
tity. This mode of drying grain is found to be cheap, easy, and 
healthy, irrespective of any particular mode of grinding the corn into 
flour. 

An experiment in corn-grinding of a very important kind was made 
during the Crimean war, affording testimony which may be, and cer- 
tainly ought to be, suggestive of improvements in our army and navy 
services. In order to lessen the difficulties in the way of supplying 
bread to the troops, the British government sent out to Balaklava two 
steamers, one fitted up with machinery for grinding corn, and the other 
with baking ovens. Mr. Fairbairn, the engineer, being consulted, he 
prepared plans and drawings of the requisite machinery. The govern- 
ment purchased the Bruiser and Abundance steamers; and in three 
months all the fittings, novel as they were, were completed, The mill 
was capable of grinding 20 bushels of flour per hour, even while the 
steamer was moving at 7 or 8:knotsan hour. The steamer and the 
gnill were both worked by the same steam-engine, made by Robert 
Stephenson. When the two steamers reached Balaklava, about the 
end of 1855 or early in 1856, the Bruiser was at once set to work/as a 
corn-mill ; it ground 24,000 Ibs. per day, taking any kind of corn that 
happened to be procurable, and never got out of order during three 
months’ operation. The flour produced from this weight of grain was 
made up into 18,000 lbs, weight of 4b, loaves, served out daily to the 
troops. So few were the interruptions in this course, that in the first 
three months of 1856 the mill ground 1,800,000 lbs. of corn, yielding 
1,330,000 Ibs. of flour (the rest being bran and waste). The total cost 
of the wheat and grinding the flour was about one penny per pound. 
It does not fall within the province of the present article to notice the 
arrangements of the bread-making and baking apparatus; but it ma‘ 
suffice to say that the Abundance baked into b all the flour whi 
the Bruiser could grind. The steamers and the machinery were sold at a 
small price when the war was over; but the lesson afforded is not 
likely to be lost. A competent authority has observed: ‘‘ The expe- 
riment forcibly suggested the necessity of a light portable steam-engine 
and mill for grain being constantly attached to the camp when an army 
takes the field. This could be done at a very moderate cost. The 
whole affair need not exceed the weight of a large-sized gun, such as 
now accompany our armies. There is no practical difficulty in the way 
of introducing an engine capable of supplying newly-baked bread from 
an oven constructed in the smoke-box of a portable locomotive engine, 
mounted on wheels, and prepared with grinding apparatus at the same 
time.” Some recent experiments on army cookery, made at Woolwich, 
induce a hope that corn-grinding and bread-baking vehicles will by and 
bye be attached as regular component items in the matériel of an 


army, 

Some of the flour-mills recently constructed are establishments main- 
tained on a very extensive scale. One, on the banks of the Thames near 
Blackfriars Bridge, contains 32 pairs of millstones and 16 dressing- 
machines. All the movements are effected by steam-power, and great 
ingenuity is ag Rg in every part of the arrangements. The 
Americans, also, have begun the application of machinery on a large 
seale to the grinding of flour, not only for home consumption, but for 
export to England. Some of the millers in the United States adopt 
a singular mode of filling the flour-sacks. A trough is suspended on an 
axis ; and beneath one end of the trough is a pair of scales, or rather 
the flour-pan of a pair of scales. The flour-barrel is placed on the 
scale-pan; flour flows through the trough into it; and when the 

roper quantity has been thus precipitated, and the scale-pan and 
Gaal have descended by their weight, a small piece of apparatus 
catches hold of the trough, and tilts it into the contrary direction, so 
that no more flour can flow through it into the barrel. The apparatus 
thereby effects the double purpose of filling and weighing. 

The flour sold in the London market is sometimes adulterated, but 
not to so great an extent as some other articles of food. Dr. Normandy 
says that “ The physical characteristics of wheat-flour of good quality 
are the following: It has a dull white colour, somewhat inclining to 
yellow. It should exhibit to the eye nO trace of bran, even when 

smooth with the hand or with a polished surface. It should 

ve a homogeneous appearance, and should not lose more than from 

6 to 12 per cent, after drying in a stove ; the less it loses by dying the 
better it is.” The adulteration of flour, when it exists, is usually made 


120 
by means of potato starch, bean flour, Indian corn flour, and rice flour + 
these are innocuous, and the dishonesty consists mainly in these 
cheap substances at the price of good wheaten flour. the. 
adulterants, however, are less innocent ; such as alum, chalk, bone-dust, 
and plaster. 
It is not m 


fluctuating richness of 
FLOWERS. A term invented by the alchemists, and still in use, 


to denote the light flocculent sublimates obtained by heating volatile 
solids in close vessels; for instance, flowers of sulphur, benzoin, and 
antimony. 

FLUE. [Hovse.] 


FLUENTS. [Ftuxions.] 

FLUID. This term is applied to substances of which the ! 
possess perfect mobility themselves, but more rigo: it 
depends on the relative intensities of the forces which act on the com- 
ponent particles of masses. In bodies of form, denominated 
solids, these forces not only preserve the particles in a state of rest 
when undisturbed, but also, on the communication of a slight disturb- 
ance relative to their mean positions, reduce them, after the fo: ets be 
very short time, to the places they possessed before ; hence e 
permanence of fi and arrangement characteristic of solid bodies. 
On the other hand, the gases have an elastic or expansive power, 
which is usually attributed to caloric, because the gaseous state is 
induced in all substances by the communication of a high degree of 
heat ; the particles of gases have therefore a tendency, when external 
forces are removed, to fly from their places in obedience to the repul- 
sion exercised by the parts in their vicinity; they are therefore freely 
movable amongst each other. But the conditions of the motion of any 
one particle are nevertheless limited by the condensations of the 
particles on which they impinge, and the rarefactions of those which 
they abandon, and therefore, even in a gas, the disturbance of a > 
only makes it describe a curve round its mean position, and the con- 
densations and ions thence generated produce inequalities of 
pressure which pro, like motions in the particles in the vicinity. 
These motions, ually conveyed throughout the entire 
er esse the phenomena of sound, and, it is thought, those 

oO t. += 

Ths ying to the internal forces called into play by the motion of 
the particles of a gas is by no means op to but rather impli | 
their perfect mobility. If we diminish or increase their specific 
by an alteration of temperature, they will accordingly rise or sink 
amongst the myriads of particles by which they are surrounded. Yet 
they will not rise or sink as if in vacuo, for still will be encum- 
bered by the influences of the adjacent particles, and therefore their 
motions must suffer resistance. 
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particles subject to such ce 


many of the permanent currents of the ocean awe i from a similar 
cause, rs ifferent parts of the 
bottom of the sea, either from the difference of their depths, or 
of the conductibility of the solid strata with which the fluid is in 
contact, , 

ee particles of . fluid ay — rpm by — which are 
subject to external forces, such as to! ity, uni @ pressure 
which is estimated by considering how fees « wold be af continued 
uniform over any surface taken as a unit, The direction of such a 
surface is immaterial, for the particle can only be in repose when the 
pressures from are equal, When fluids are inelastic this 
pressure is entirely due to extraneous forces, such as the weight of the 
superincumbent mass; but in elastic fluids, as in air, the is 
necessarily proportional to the elasticity of the particle whi a 
it; and this elasticity is known,to increase with the diminution of the 
volume compressed ; such fluids therefore, under the influence df ex- 
ternal forces, acquire variable densities in their different parts. — 

We reserve for the articles Hyprostatics and Hypropyxamics the 
principles from whence the equilibrium and motion of fluids are 
deduced when subject to known forces ; and for the article Tiprs the 
case when those forces are the attractions of the sun and moon upon 
the ocean. 

The equilibrium of a body floating on a fluid on two simple 
conditions ; namely, that the centre of gravity of the whole body and 
of the laced fluid must be in the same vertical line, and the 
weight of this displaced fluid must be equal to that of the body : but. 
for the conditions of the stability of the equilibrium we refer to 
METACENTRE. 

When a body moves in a fluid it suffers a resistance seb 
its velocity ; and when the body is small compared with the mass in 
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which it moves the law of resistance is nearly expressed by the square 
of the ‘att ll This hypothesis was originally formed by considering 
’ that the number of particles on which the moving body impinges in 
a given time is nearly proportional to its velocity: we say nearly, 
because the particles which have been struck form returning currents 
which interfere with this simple law; and, secondly, that the force 
with which it impinges is also as its velocity, which must be modified 
from the same consideration. The nature of these currents has not 
been yet investigated, and therefore the law of the square of the 
ity is generally as a first approximation, but the dis- 
of the true law would appear to be within the limits of 
ion without aid from experiment, and is a subject worthy the 
attention of physical mathematicians, 
The resistance of bodies only partly immersed in fluids, and having 
a depth bearing a sensible ratio to that of the fluids, as in barges 
towed along canals, is subject to laws far different from those which 
we have considered, for the quantity immersed is itself a function of 
the velocity, diminishing considerably with great velocities : thus, not- 


ing the increase of resistance due to velocity, this diminution’ 


due to less immersion permits the possibility of a minimum resistance. 
This important subject will be further considered in the article 
Hypravtics. 

The term fluid has been extended to the supposed media through 


which the forces of electricity, galvanism, and magnetism act, but 
little that can be relied upon been deduced from their supposed 
analogy with material fluids. [Execrrtcrry.] A surer source of cal- 


; may be 
with fluids, as in mud, &c. The 


states of transition, their peculiar laws do not deserve, or at least have 
not obtained, much consideration. 

FLUIDITY. All ponderable matter exists either in the gaseous, fluid, 
or solid state ; and most solids, when heat is applied to them, may be 
rendered fluid, or converted into liquids, under which circumstances 
repulsion of particles takes the place of cohesion. The di 
required to produce this effect is different in different solids, 
cateris paribus, it is always the same in the same solid: in many 
the transition ore bane sta dake gatemicaby decren Melomr dan 
| rasa dareceib rar mbes various degrees of liquidity before 

fluid. Of the first mode of becoming fluid ice 
are examples, and wax or tallow of the second. 
solid bodies may be rendered fluid by heat, so many gaseous 
bodies are converted into solids by diminishing their tempe- 
Solid bodies in becoming fluid render latent a quantity 
; and on the other hand, fluid bodies in becoming solid evolve 
le heat. The heat which is requisite to the fluid existence 
of a body is termed the heat of fluidity. These facts are proved by two 


Ha 
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simple experiments. Mix a pound of water at 32° Fabr. with a pound 
of water at 172°, and the resulting tem: will be the mean, or 
1 of ice at 32° be dissolved in a pound of water at 


02°. A or 
172°, the solution will not have the mean temperature of 102°, but 
_ only 32°. As, then, the of ice, by being rendered merely fluid, 


absorbs 140° of heat, so quantity of heat which becomes sensible 
when a pound of water at 32° is converted into ice at 32° amounts also 
to 140°. The actual quantity of heat rendered latent by different 
fluids eet Hiqulty depends upon the nature of the substance ; thus, 
according to Person, the under-mentioned bodies contain the annexed 

quantities of heat in the latent state when rendered fluid :— 

St ee oo gl) rw, 142'65 Fahr, 

Nitrate of Soda. F ° - « 118°34 

Nitrate of Potash ° . 2 . 85°26 

Zine . . : i . 50°63 

ai 2 ol 37°92 

yon > enn - 25°65 

Cink... 24°44 

Bismuth . ~ : ‘ P ua” J egeD 

ay Sulphur ‘oe oer ; + 16°85 

ed sg UTE, al 9°65 

Rnomphotus’, ". aan, 9°05 

Mercury . F on he Pane 5.11 


The nature of fluidity will be further considered under Hzat. 

FLUIDS, ELASTIC. This name may be applied to all fluids in 

nature, since all are in certain degrees elastic ; but it belongs particu- 
to such as are aériform, liquid substances the 
phere only ina low degree. [Etasticrty; Petzomerer.] Among 


ae 


the aériform fluids, however, those which are usually considered as per- 
manently elastic are called gases and the term elastic fluid is fre- 
quently confined to atmospheric air, and the vapours which are 
produced from solids or liquids by the action of heat; these last are 
therefore such as may be rendered solid or liquid by reducing their 
temperature, or by increasing the pressure under which they exist. 
But the difference between these and the fluids which are called 
mently elastic is perhaps nominal, since many of the latter, by the 
discoveries of Dr. Faraday, are found capable of being exhibited in a 
liquid form. [Gas.] This philosopher, for example, obtained carbonic 
acid in a liquid state from carbonate of ammonia, by subjecting it to 
+ compression in a sealed tube, one end of which was placed in a 
freezing mixture. The liquor was colourless, This gas, with some 
others, have also been reduced to the solid form. Many of the gases, 
moreover, on being combined with one another and with other sub- 
stances, form solids or liquids; thus, oxygen gas unites with metals 
and becomes solid; ammoniacal gas and hydrochloric acid gas unite 
and form the solid hydrochlorate of ammonia; while oxygen and 
hydrogen gases unite to form water. 

Almost all are invisible ; but several which are so when they 
exist alone, become visible on being mixed with one another. Thus, 
binoxide of nitrogen being mixed with atmospheric air, the combi- 
nation becomes visible and of a red colour. Several gases also become 
visible when mixed with aqueous bs el An augmentation of the 
temperature of vapour may, by producing an increased rarefaction, 

er it invisible ; and, on the other hand, a diminution of temperature 
will cause such a condensation as may render visible a vapour which 
before was imperceptible. These effects of heat and cold upon vapour 
have been proposed as explanations of the apparent diminution of the 
mass of a comet when near the sun, and of its apparent enlargement in 
receding from that luminary. All elastic fluids are transparent, but 
different quantities of light are absorbed in passing through those of 
different kinds, and when the thickness of a stratum of fluid is con- 
siderable, the absorption is so great as to render an object beyond it 
invisible. ¥ 

The elastic forces of a dry gas at a given temperature are inversely 
proportional to the volumes they occupy ; and this law holds good also 

for mixtures of elastic vapours with each other, and of vapours 
with gases, provided no chemical action takes place between them. 
Thus, different fluids of equal temperatures and equal elastic forces 
being introduced together in a close vessel whose capacity is equal to 
the sum of the volumes of the fluids separately, the fluids for a time 
remain se} ly in equilibrio ; but experience shows, that gradually 
the fluids intermingle with one another, producing a homogeneous fluid 
preserving the same temperature and elastic force. It has been found 
also that if different fluids having ag temperatures with different 
elastic forces, and occupying separately equal volumes v, be mixed 
together in a close vessel whose capacity is v, the elastic force of the 
mixed fluid will be equal to the sum of the elastic forces of the separate 
fluids, and the temperature will remain constant. When a vapour at a 
given temperature is compressed by being confined within a smaller 
space than that which it previously occupied, part of the vapour 
becomes condensed, and the remainder continues to possess the elastic 
force due to the temperature. And again, if the volume of a quantity 
of vapour be increased, the vapour will expand, and, if not in contact 
with the liquid from which it was produced, its elastic force will be 
diminished; if in contact with the liquid new vapour will rise to 
supply the void created by the dilatation, and the elastic force will 
remain constant. 

The temperatures at which liquids become elastic fluids by the action 
of caloric are very various; hydrochloric and nitric ethers boil, under 
the usual pressure of the atmosphere, the one at 51°9°, and the other 
at 185°; acetic ether boils at 165°; water boils at 212°; while mercury 
can be made to boil only at a temperature of 662°. 

The quantity of vapour produced by heat from a liquid increases. 
with an increase of temperature, and while in contact with the liquid 
its elasticity varies with its specific gravity. The elastic force of vapour 
is increased when the vapour is mixed with air ; for if the interior of a, 
barometer tube be moistened at the upper end with water, and air be 
introduced in it above the column of mercury, the tube being inserted 
as usual in a cistern of the latter fluid, the depression of the mercurial 
column in the tube by the ion of the vapour and air, in con- 
sequence of an application of heat on the exterior, is greater than that, 
which results from the expansion of air when dry. ’ 

The atmosphere which surrounds the earth is endowed with an 
elastic power ; and partaking, moreover, of the earth’s diurnal rotation, 
its particles should, by their elasticity and centrifugal foree combined, 
recede from the earth till the whole is dissipated in space. Such is not, 
the fact; and hence it is inferred, either that at a certain elevation 
above the surface of the earth the elasticity of the atmosphere is totally 

ed by the absence of caloric; or that beyond the stratum in 
which the centrifugal force of the particles is equal to their gravitation,. 
there may exist, in a state of rest, an ethereal fluid occupying the whole 
extent of space, and preventing the atmosphere from being further 
expanded by its own elasticity. : 
ow, by mechanics, it may be found, that the distance from the. 
surface of the earth to the stratum of the atmosphere in which the 
centrifugal force of the particles is equal to their gravity is about, five, 
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semi-diameters of the earth, at which height the density must be 
inconceivably small; and since it is not necessary to suppose that the 
ethereal fluid beyond the atmosphere of the earth is more dense or more 
elastic than the atmosphere at that height, it may readily be admitted, 
that whatever may be the effect of such a fluid in resisting the motion 
; a comet, it can produce no sensible retardation of the movements of 

° ets. 

a uscular light which has been observed at the cusps of 
Venus, bet the changes which take place on the apparent discs of 
Mars and Jupiter, afford indications that those planets have atmospheres, 
ows with our instruments, such atmospheres may not be rendered 
sensible by their action on transmitted light. If, about a planet, an 

were formed in consequence of the attraction exercised by 
the t on the ethereal fluid supposed to fill all space, since that 
fluid may have no greater density and elastic power the atmos- 
phere of the earth at the height of five semi-diameters of the latter 
above its surface, the attraction of the planet may be incapable of 
rendering it sufficiently dense to produce any sensible effect in re- 
fracting light to the earth. Again, the height and the law of the 
variations in the density of the strata in an atmosphere which may be 


formed about a planet by the vapours arising from waters existing onl 


its surface, would depend on the temperature; and this we have no 
means of knowing: but assuming it to be equal to the mean tempe- 
rature at the surface of the earth, the height of such atmosphere would 
be very small compared with that of the existing atmosphere about 
the earth. An of either of the kinds here indicated would 
serve to account for rare occurrence of remarkable refractions in 
the phenomena of the immersions and emersions of Jupiter's satellites, 
or the occultation of stars by the moon, 

For the properties of elastic fluids, see also Enasticiry; Arn; Gas; 
Varour ; and Evaporation. 

FLUOBORIC ACID. [Ftvortxe.] 

FLUORESCENCE (from fluor spar), is a term which has recen’ 
been ae to designate a phenomenon the nature of whic 
remained till lately unknown. 

It has long been known that certain substances have the property of 
yielding solutions which, though perfectly bright by transmitted light, 
exhibit a sort of coloured opalescence by reflected light, quite different 
from the transmitted colour. The bark of the horse-chestnut, for 
instance, contains such a substance, to which, on account of the pro- 
perty, the name Schillerstaj’ was formerly given by some German 
chemists. Sir David Brewster discovered that on admitting a beam of 
sun-light condensed by a lens into an alcoholic solution of the green 
colouring matter of leaves, the path of the rays in the fluid was 
visible as a beam of blood-red light. This phenomenon, which he 

i internal dispersion, and which he seems to have attributed 
to the reflection of light from suspended particles, he has observed and 
studied in a great many instances, among many others in the case of a 

variety of fluor spar, which appears deep blue by reflected light. 
is blue colour Sir David showed is not superficial, but arises from 
internal dispersion. (‘Edinburgh Transactions,’ vol. xvi., part 2, 
reprinted in the ‘ Phil. .’ for June, 1848.) 
the ‘ Philosophical tions, for 1845, Sir John Herschel 
describes a remarkable phenomenon, which he discovered in relation to 
the blue colour exhibited by dilute solutions of salts of quinine. The 
blue colour, he found, came mainly from a narrow stratum adjacent to 
the surface by which the light enters the fluid, but the blue rays thus 
pape’ traverse the fluid freely. The incident light, however, after 
ving once passed through a portion of the fluid of very moderate 
thickness, although apparently unchanged, has undergone some mys- 
terious analysis, whereby it is rendered incapable of again producing a 
similar blue stratum in another portion of the solution on which it 
falls, or of causing the deep blue reflexion at the surface of the green 
fluor above-mentioned. 

In reflecting on this peculiar analysis of light discuvered by Sir 
Sir John Herschel, Professor Stukes was led to discover that the blue 
light shown by solutions of quinine is produced, not by the blue rays 
of the spectrum, but by the more refrangible and mostly invisible rays 
which are known to exist. (‘Phil. Trans,’ for 1852, p. 463.) The 
most direct mode of proving this by experiment consists in forming a 
pure spectrum [Dispersion or Lica], and placing in it the solution 
of quinine. Commencing about the middle of the violet, and extending 
from thence onwards far into the region of the more refrangible invisible 
rays, the ser of the incident rays within the fluid is marked by a 
sky-blue light, which emanates in all directions, aa if the fluid were for 
the time being self-luminous. The blue rays produced exhibit on 
analysis 4 continuous spectrum within certain limits. They have the 
properties of other blue rays of like composition, and accordingly freely 
traverse the fluid, which is transparent with respect to blue light. 
The invisible rays, however, by which the larger part of the effect is 
produced, are absorbed with great energy, and thus it is that the light 
which has traversed a moderate thickness of the fluid is unaffected 
when judged of merely by the eye, on account of the invisibility of the 
rays of which it is deprived, and yet has lost its property of producing 
the blue stratum in a solution of quinine. Inasmuch as the incident 
rays are alworbed, and in their stead there issue im all directions, 
from the of the fluid in which the absorption takes place, 
rays of a different refrangibility, the effective portion of the incident 


igi sea be: said. So, aves changed its 
which briefly indicates the most striking 


phenomenon. 


This change of refrangibility, when once suggested, proved to be 
otriking 


extremely common, and to embrace the more of 
internal dispersion mentioned by Sir David Brewster : among others, 


hich the 
body (or one wi possesses property 


produced are in many cases very striking 
uced by ordi 


double the length of the visible spectrum ; 
light a spectrum is obtained no less than six or eight times as long 
br anche (‘ Proceedings of the Royal Institution,’ Feb, 
1 e ot 

As to the cause of fluorescence, Professor Stokes supposes (‘ Phil. 
Trans.’ for 1852, p. 548) that the incident ethereal a 


swing. This supposition entails the supposition of a certain c 
in the effect, equal at least to that of a great number of vibrations ; 
but as many hundred millions of millions of luminous vibrations take 


ing with the substance examined, 


a * we 


place in one second, such a duration may very well exist while the | 


phenomenon is as to sense instantaneous, 
M. Edmond uerel, who has studied so peter Yee closely allied 
adapted 


phenomenon of phosphorescence, has recently a very ; 
i to the r of 


fluorescence, the exist- 


a 
finite duration in the luminosity has not yet been detected in the case 
of any liquid, these researches go far to demonstrate experimentally 


very short duration. 


It is remarkable that in a = published in the year 1842 (‘ Phil. 


Trans.’ for 1842, p. 194), Sir J Herschel mentions an 
prolongation of the spectrum when received on i 
tincture of turmeric, which however he supposed to be due to the 
visibility of the highly refrangible rays, as such. In a pub- 
lished in 1843 (‘Annales de Chimie,’ tom. ix. p. 320), M. / 
mentions a phenomenon which he had frequently observed in the 
course of his on phosphorescence, namely, that when a 
was thrown on certain papers, ith 
substances, the more refrangible and 
beyond the violet was rendered visible by the screen, but only so long 
as the light fell upon it. This phenomenon, he suggests, may consist 
ina brilliant phosphorescence of short duration ; but apparently from 
connecting it too closely with the previously known instances of phos- 
phorescence, he failed to perceive its full bearing, and never suspected 
that the blue colour exhibited for instance by a dilute solution of 
sulphate of quinine, a fluid whose absorbing action on the invisible 
he studied by means of photography, and whose dichroism he aay 
mentions (p. 289), was actually produced by the invisible rays. 

FLUORIDES, [Fivorrye.] 

FLUORINE (F), a substance which, though long known in com- 
bination with other bodies, has been orily lately proeured in an in- 
sulated state, if indeed as mich as this can be said, and its properties 
in a separate state are consequently very imperfectly known. It was 
first obtained, or at any rate supposed to be obtained, in a separate 
form by Baudrimont, by passing fluoride of boron over deutoxide of — 
lead, heated to redness ; the gas was received in a dry vessel. Al 
little is known of fluorine in an elemen' condition many of its com- 

nds have been studied. Those which it forms with the metals will, 
of sufficient importance, be found described under the respective 


invisible part situated — 
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metals. The following are the chief remaining compounds of this 
element : 

Hydvrofluorie Acid (HF), a compound of fluorine and hydrogen, 
which was first made known by Scheele. Mr. Knight (‘Phil. Mag.,’ 
xvii., p. 357) first suggested an apparatus for procuring it in a state of 

___ purity, though not of the greatest strength. The properties of this 
__ aeid were minutely examined by Gay-Lussac and Phenard in 1810. 
(‘Recherches Physico-Chimiques.’) Fluor-spar, or what is more cor- 
rectly termed fluoride of calcium, is to be mixed with twice its weight 
of strong uric acid, and put into a leaden or silver retort, to which 
a receiver of the same is to be adapted, and surrounded with ice 
or snow mixed with salt. When a moderate heat is applied to the 
retort the sulphuric acid acts upon the fluoride of calcium, in a mode 
analogous,to that in which its action is exerted upon common salt in 
ase igen or hydrochloric acid ; the results are sulphate of 

remains in the retort, while the fluorine of the fluoride 
uniting with the hydrogen of the decomposed water of the sulphuric 
acid forms h 
is in the cooled receiver; the product is best kept in a 


_ the gradual 
rca uid acid 
is extremely corrosive; when a drop is allowed to upon the skin 
it produces painful sores. Until recently the concentrated acid here 
described was supposed to be anhydrous, but it is now known to 
contain water, which may be removed by the addition of anhydrous 
or i St) aber a ated tree legate as a colourless 
a tating odour and which by means of a freezing 
wistane wer 64 condensed to a colourless mobile liquid. 

The reason for the necessity of distilling and keeping this acid in 
metallic vessels is that it acts upon and decomposes with great 
= its great affinity for silica which the latter 

Hence it has been rendered extensively useful for orna- 


SP Meahceal, Sok-opre gos being evelved, axl a motalio fucride 
is decom: 5 gas being evolv a ic fluoride 
ium this action is extremely energetic, and is 
evolution of gas and the formation of fluoride of 
With metallic oxides it forms a fluoride and water. 
uate of ammonia may be obtained by saturating the acid with 
the alkali; it is an unimportant salt, not being applied to any purpose 


icon, (SiF’,) sometimes improperly termed Fluosilicic 
by mixing equal quantities of fluoride of calcium and 
wil times their weight of sulphuric acid in a retort ; on 
application of a moderate of heat action takes place; and it 
that the oxygen of the silica is transferred to the calcium of 

ide and converts it into lime, which combining with the 
id forms sulphate of lime, while the fluorine and silicon set 

i form fluoride of silicon, which rises in the gaseous 
received in very dry air-jars filled with and inverted 


us obtained is colourless, its odour is peculiar, suffocati 

it fumes on coming into contact with the moisture o 
less so than fluoboric acid gas, Its specific gravity, 
Davy, is 3°600, while Dumas makes 3°574. It suffers 


to a high , and it has not been 
iealewaiion, It is a0 ae of eRe water, 
ag ge lala uosilicic 
potassium is put into this gas, it inflames and burns. When 
oa eon heated to whiteness, there is formed an 
coating of fluoride of iron and silicium, and the gas 
without further alteration. 
#8 not decompose the alkaline carbonates when dry at common 
nor is it absorbed by them, however long they may 
in contact; most hydrated oxides however absorb it without 
assistance of heat. 
___ Fluoride of silicon condenses double its volume of ammoniacal gas, 
and forms with it a yolatile compound, which is of no importance ; 
when it acts upon*metallic oxides both are decomposed, the results 
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ide of Boron, improperly termed fluoboric acid, was 
bia by Gay-Lussac wa Thenard by heating a mixture of fluor- 
Spar, or fluoride of calcium, and boracic acid. In this opera- 


of the boracic acid combines with the calcium of 
calciura and converts it into oxide of calcium or lime, 


Water dissolves about 700 times its volume of this gas. The solu- 
tion is ly acid, and emits fumes, and is found to contain Aydro- 
fuoborie acid (HF, BF,). This solution does not act upon glass, nor 
does the gas itself; but they readily decompose animal and vegetable 
substances. Thus,a piece of paper put intothe jar of the gas over 
mercury is decomposed and charred as if burnt, by the abstraction of 
the elements of water from it, for which the gas so powerful an_ 
affinity. When potassium is put into this gas it burns, and a brown 
mixture of boron and fluoride of potassium is obtained. 

FLUOSILICIC ACID. [Fivorryz.] 

FLUTE, a well-known musical instrument, the use of which, under 
different forms and names, may be traced to the remotest periods of 
antiquity. Most of the ancient poets ascribe its invention to no less 
personages than gods and goddesses. Even the grave Plutarch, in his 
dialogue TMep) Movoujjs, attributes it to Apollo. Lucretius, however, 
contents himself by deriving its origin from the breathing of western 
winds over certain reeds, and thus, he tells us, was suggested to man 
the rural pipe, a simple tube, which the ingenuity of later ages has 
improved into one of the most elegant and fascinating instruments of 
which art can boast. The word is said to be derived from the Latin 
jfluta (lamprey), a kind of eel which has seven holes lengthways in its 
side, and when extended resembles a very narrow flute. 

The ancient fiute had some sort of mouth-piece; it was double as 
well as single—that is, was often composed of two tubes, both played 

er, and hence it has not unreasonably been inferred that the 
ightened nations of antiquity possessed some knowledge of harmony. 
There is a figure of an ancient flute-player, or a terminal Pan, in the 
Third Greco-Roman Saloon of the British Museum, The flute was 


almost universally employed by the Greeks, Romans, &c., not only in 
their temples, theatres, social entertainments, and armies, but also in 
their funeral ceremonies, It even may be said to have accompanied 
their public orations, having frequently hens employed for the purpose 
of keeping the voice up to a proper pitch. From the custom of intro- 
ducing it in the last offices for the dead arose the saying, Jam licet 
ad tibicines mittas (you may now send for the flute-players), when any 
one was in articulo mortis—in the last agonies. ‘ 

Of the old English flute—for the invention whereof Mersenne 
erroneously gives this country the credit—we will say a few words. 
It was not unfrequently called the flute @ bec, from the resemblance 
of the mouth-piece to the beak of a bird. This mouth-piece was at 
the upper and wider end, and the instrument was held in the manner 
of the oboe and clarionet, It had seven finger-holes, no keys, and was 
commonly adapted either to the scale of C or F. The flute @ bec 
was peinily superseded by that now in use, which long was known 
as the German flute—the flute traversiére, or horizontal. ‘This, at first 
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simple in construction, limited in means, in length about a foot and a 

, and ha only one key, has by degrees been extended to 
twenty-seven i more, and has sometimes as many as 
a dozen keys, seldom less than six; so that every kind of music, 
however chromatic, within its compass, and adapted to the nature of a 
tube, may now be executed on this instrument. It is formed of any 
kind of hard wood, of ivory, and even of , and is divided into four 
joints. The scale of the concert flute is C below the treble staff 
to C in the altissimo :— 


-* 


4 
= 


— 


Some flutes are made to go four notes lower ; and an adroit player 
can reach the E in altissimo :-— 


pa 


The high notes of the flute are very effective in the orchestra, 
but its best, its expressive tones, are those between the low C and 
G in alt, comprisi twelve diatonic degrees, and all the inter- 
mediate semitones. Performers on the flute, however, like those on 
most other instruments, strive to astonish rather than please their 
auditors. Tasteless, senseless execution is all-prevailing, a fact which 
the great majority:of hearers admit, and deplore, while they never- 
theless enco the debasement of one of the most delightful of 
arts by patiently listening to, and often applauding, that which at 
best only excites some little wonder, never affords real pleasure, and 
commonly is the source of dissatisfaction, if not of a feeling nearly 
allied to disgust. - 

The Octave Fivre (called also the Flauto Piccolo, Ottavino, and 
Flautino, in orchestral scores) is a small instrument an octave higher 
than the common flute ; it is shrill and piercing, and only desirable in 
the fullest instrumental music, and in military bands. The best of 
these are provided with four keys. 

In the Great Exhibition of 1851, Herr Béhm, of Munich, obtained 
the approbation of musicians for his improvements of the flute. 
Mr, J. Clinton's flute is referred to in the Jury Report (Class X. a) as 
combining the facilities of other modern flutes, and the ordi 
system of fingering, at the same time avoiding their defective parts. 
“Tn this instrument the tone and time are rendered equal by the same 
means that M. Béhm has adopted, namely, an equality of size and 
distance in the holes.” It is also said to be comparatively cheap, “the 
mechanism being so simple that its price does not exceed that of the 
old eight-keyed flute.” 

FLUTE-STOP, on the organ, is a range of wooden pipes, tuned in 
unison with the di , and generally proves a most successful 
imitation of the instrument whence its name is derived. 

FLUTE, FLUTINGS. [Convmy.] 

FLUX, in chemistry and metallurgy, is any substance employed to 
assist the reduction of ores or metallic compounds to their metallic 
state. In smelting the argillaceous iron ore of this country, which is 
a mixture of carbonate of iron, alumina, and silica, the flux employed 
is limestone, in such proportions as will form a slag that melts easily, 
so as to allow the fused iron to sink through it. When the pro- 
portion of limestone has been properly adjusted, the has the 

pearance of green bottle-glass; when, on the other d, the 
Re ue and blue, it is a sign that a good mixture has not 
been le. 


* When copper ores are difficult to melt, fluor spar is added as a flux, 


which to promote the operation. 

The fluxes made use of in assays and in chemical operations vary 
greatly according to the nature of the metal to be reduced and that of 
the substances combined withit. [Assay1No.] 

We shall mention a few of the more important fluxes employed. 

apr pacer tor got Npgaes Brag of powdered nitre with two 
parts of powdered argol, which is the commercial name for impure 
cream of tartar, or bitartrate of potash : this mixture is to be gradually 
thrown into a red-hot earthen crucible so as to deflagrate it, taking 
care not to make the heat so high as to fuse the mixture. 

In this case the nitric acid of the nitre is decomposed, its oxygen 
acts upon the carbon of the tartaric acid, carbonic acid is formed, and 
this uniting with the potash both of the nitre and bitartrate is con- 
verted into carbonate of potash; the whole of the carbon of the tar- 
taric acid is not, however, so acted upon, and the excess remains mixed 
with the carbonate of potash in the state of finely-divided charcoal. 
This flux should be immediately reduced to and kept in a well- 

ped bottle, otherwise it will become by the a tion of 
moisture, to which the carbonate of potash is subject. 

This flux is doubly useful; the carbonate of potash combines with 
the earthy parts of the ore, such as silica and alumina, while the char- 
coal unites with the ox of the metallic oxides, and carbonic acid 
being Sonned and expelled, the zoehel ts reduced, melts, This flux 


and mixed with the pulverised substance to be reduced, is sometimes 
advantageously used as a flux; owing to the intimate mixture of the 
charcoal and potash in this flux a good deal of potassium is evolved, 


of oxide of iron, or the oxide may be mixed with charcoal. 


_ There are some bodies which are even more efficient than charcoal 


in certain cases, such as wax, fat, oil, tar, itch, gum, sugar, 
or starch ; these may be inti mixed ‘with the subsulees ME 
reduced, and they not only contain carbon in a form which is readily 


of the oxygen from metallic oxides. 
Flint fs is sometimes, but improperly, used as a flux, for 
contains much lead that say iewaliy tate iees with the results 


prod 

Green bottle-glass has also been used for this but it is 
tionable on account of its containing iron, peg gee & pec 
Shia and aluminum to iron which was pure before Cone een 
with i 

FLUXIONS, FLUENTS, METHOD, NOTATION, AND EARLY 
HISTORY. The method of guxione sepals 5 eee ee 
velocity, both in the case of a uniform and variable Tt 
further extends this notion of velocity or rate of increase, derived 
from the consideration of a moving point, to all species of magnitudes, 


second magnitude y be determined from the first x by an 
the first degree, ax-+ by-+-c=0. But the rate at which 
though varying with the values of ., can in all cases be 3 


and, supposing < to be the velocity with which « increases, and y that — 


of y, an equation can always be produced of the form 


._ fa function of x and y, de ing on 2 
i= {"uhe oquation which Sontoota them f * 


In this case y and x were called by Newton flowing quantities, and a 


x and were called their fluxions : conversely y and « were called the 


Jluents of yandz. Thus when y=2* it may be shown that y=3z2°z 
continuously, 
times 


and if «=10, y=3800 z, or if the number be i 


then the ing number being 10, its cube is increasing 300 
is fait ee Mocte {Tein wille's omhbll from 10 to 10-01, its 


[Vevocrry.] The velocity of y begets aed may itself be con- 
sidered as ing a rate of change. , if the velocity of a body 
increase uniformly, the whole velocity gai in a second be 


called the velocity of the velocity, or the fluxion of the fluxion. us 
if x increase uniformly, the velocity of « is nothing or ( #) =0, but 


if y=a3 then () =6x a, Newton denoted these second fluxions by 
¥andd. In a similar way might be determined the velocity of 7, 


denoted by jj, and so on. We.seunes ied thet Newton prope 
dpmbol for the Auent of a fusion exoept the enclosure of rood 


sion; thus, 
[8222] is the fluent of 82°, or g%, 

He also in his treatise ‘De Quadratura Curvarum,’ used 2’ to stand 
for the fluent of <. 

We now come to the hi of this discovery, and of the 
relative to the right of invention. We have 
outline of the circumstances which led to the pub! 
Commerctum Eprstonicum, and we shall now 
gare occurrences, with some quotations from authorities, 

e 
to turn his attention to the writings of Descartes and Wallis, and 
Newton himself testifies that he invented the method of series and 


, which is likely to assist in the separation 
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fluxions in the year 1665; and that in a tract written in 1666 he had 
partially to use the notation of fluxions. In 1669 Barrow 
communicated to Collins the tract of Newton, afterwards published 
under the title of ‘De Analysi per Equationes numero terminorum 
infinitas ;’) of which he afterwards says, “I am glad my friend’s paper 
so much satisfaction : bis name is Mr. Newton, a fellow of 
, and very young (being but the second year Master of Arts), 

i genius and proficiency in these things.” i 
contains a method of series, and many problems solved by 
anger of limits to differences obtained by expansion; but no 

method of fluxions. It was first published by William Jones, 
who had become the possessor of Collins's , in 1711, in a tract 
which is little known, having been superseded in the following year by 
the publication of the Commercium Epistolicum. Various letters of 
Newton, Collins, and others, up to the beginning of 1676, state that 
the first-named had invented a method by which tangents could be 
drawn, &c., without the necessity of freeing their equations from 
ifrational terms. Among them is a letter from Newton to Collins, 
dated December 10, 1672, in which he states the fact of his discovery, 
with one le. This letter the committee [Commerctum Eris- 
ToLIcuM] assert to have been sent to Leibnitz, but without proof: 
and it has been since ascertained that nothing but an imperfect extract 
was sent to Leibnitz. Leibnitz desired to have this od communi- 
eated to him; and Newton, at the request of Oldenburg and Collins, 
wrote to the former the celebrated letters of June 13 and August 24, 
first he states the binomial theorem, and various 
of it in combination with his method, but without 
giving any information as to that method. Leibnitz in a reply, also 
iiaroeat burg, speaks in the highest terms of what Newton 
requests further explanation. Newton, in the second 
letter just mentioned, then explained how he arrived at the binomial 


© 
F 


Gaccde 13cff 71 31 9n 40 4grr 48 9t 122; 


or, that if any one could 
certain sentence, he would see 
invenire, 


six as, two cs, one d, &c., into a 
ie method. That sentence was, Data 
sgeorounaae fluentes quantitates involvente fluxiones 

versa, If Leibnitz could have taken a hint either 

Sear doimeat letters in alphabetical order, or (had he known it) 

in their i arrangement, he would have deserved as much 
< , a8 if he had made the invention independently. 

ing in the rest of the letter which could give any 
inly Newton, who showed himself desirous to 
od, and knew that his letter was to come under the 
Leibnitz, did not imagine that he had in any part of it 

yed This letter, of October 24, 1676, had not been 
to Leibnitz, March 5, 1677, as Collins informs Newton by letter 
date. So early as June 21, of the same year, however, Leibnitz 
had received that letter and written an answer to Collins, in which, 
y desire of concealment, he explains the principle, notation, 


It is of this correspondence that Newton 
the celebrated scholium ; of which, as we shall see, he was after- 
, first to deny the plain and obvious meaning, and 
to omit it entirely from the third edition of the ‘ Principia.’ 

very literally translated, is as follows (book ii. prop. 


if 
E 


apt 
eas 


“Tn “ecg which went between me and that most 
excellent geometer, G. G. Leibnitz, ten years , when I signified 
was in the knowledge of Shed ot Releticioiog maxima and 
drawing , and the like, and when I concealed it in 
letters invol this sentence {Data squatione, &c., above 
most i man wrote back that he had also 
of the same kind, and communicated his 
differed from mine, except in his forms of words 


'_ It will be convenient here to give Newton's subsequent explanation, 
en in the year 1716, taken from his remarks So tates iets to 
of itmoy tiene in 1716 in the appendix to 


2LF 
is 
if 


z 
: 


that in book of principles I allowed him the 
invention of the calculus is, independently of my own: 
and that to attribute this to myself is con’ 


invention trary to my 

avowed. But in the paragraph there referred unto I 
word to this purpose. On the contrary, I there 

that I sent notice of my method to Mr. Leibnitz before he 
his method to me: and left him to make it appear that 
his method before the date of my letter; that is, eight 
at the least before the date of his own. And, by referring 


* He must have known by Collins’s letter that it was not three, 
ARTS AND SOL. DIV. VOL. Iv, 


to the letters which passed between Mr. Leibnitz and me ten years 
before, I left the reader to consult those letters * and interpret the 
paragraph thereby. For by those letters he would see that I wrote 
a tract on that method and the method of series together, five years 
before the writing of these letters; that is,in the year 1671, And 
these hints were as much as was proper in that short paragraph, it 
being beside the design of that book to enter into disputes about these 


This | matters.” 


Nothing material passed till 1684, in which Leibnitz gave his first 
paper on the Differential Calculus in the Leipzig Acts. In 1687 the 
‘Principia’ was published by Newton ; and Leibnitz continued to give 
papers on the subject of his new calculus. The Bernoullis began to 
cultivate the subject about the year 1691, and as they were on terms 
of correspondence with Leibnitz, he was the source from whence they 
drew, and to which they returned, additional ideas on the subject. 
The Marquis de l’Hépital was employed in writing his elementary 
treatise (the first written), which was published in 1696. All these 
considered Leibnitz as their chief; and the consequence was that Dr. 
Wallis informs Newton, by letter of April 10, 1695, that “he had 
heard that his notions of fluxions passed in Holland with great applause 
by the name of Leibnitz’s Calculus Differentialis.” Accordingly, Wallis, 
who had just completed printing the first volume of his works (the 
third, which contains Newton’s letters to Oldenburg, having been pre- 
viously printed), inserted in the preface, as a reason for not mentioning 
the differential calculus, that it was Newton’s method of fluxions 
which had been communicated to Leibnitz in the Oldenburg Letters. 
A review of Wallis’s works, in the ‘Acta Eruditorum, or Leipzig 
Acts, for 1696, reminds the reader of Newton’s own admission 
above cited. On this Newton (Raphson, supplement above cited) 
remarks, “ Whether Mr. Leibnitz invented it after me, or had it 
from me, is a question of no consequence, for second inventors have 
no right.” 

In 1699 Fatio de Duillier, a Genevese, settled in England, stated in 
a mathematical work his conviction that Newton was the first inventor, 
adding that he left it to those who had seen the manuscripts and 
letters to say whether Leibnitz borrowed from Newton. This was the 
first distinct suspicion of plagiarism ; and Leibnitz, who had never 
contested the priority of Newton’s discovery, and who appeared to be 
= satisfied by Newton’s admission, now appears for the first time in 

e controversy. In a reply to Duillier (Leipzig Acts, 1700), after 
calling attention to Newton's scholium, he declares that when he pub- 
lished his method, in 1684, he knew nothing more of any method of 
Newton, except that the latter had written to him that he could dis- 
pense with the removal of irrational terms; and that, though on the 
publication of the ‘ Principia’ he became aware how much further its 
author had pushed his discoveries, he did not know that Newton 
possessed a calculus (or organised method) like the differential, till the 
publication of Wallis’s preface. 

The ‘ Quadrature of Curves’ was published by Newton in 1704, at 
the end of his ‘ Optics.’ It contains a formal exposition (the first 
prmere of the method and notation of fluxions. Some propositions 

been already published by Wallis. But in all that Newton had 
previously aioe to be published, as well as in his early papers which 
have been published in our own time, he uses the language and ideas 
of infinitely small quantities. These he now rejects. 

Since so great a stress was laid by the parties to the quarrel on the 
introduction of specific notation, we may remark that Newton himself 
did not very soon adopt such a course. He says that in 1666 he 
“ sometimes used a letter with one prick for quantities involving first 
fluxions ; and the same quantity with two pricks for quantities 
involving second fluxions.” Even so late as 1687 he does not (in the 
‘ Principia ’) give any notation for the momenta to which he had given 
aname, and (though not laying any stress on it) we doubt whether 
Newton would ever have systematised his notation if he had not seen 
the letter of Leibnitz referred to in the scholiiim. 

A review of the above work appeared in the ‘ Leipzig Acts,’ January, 
1705, in which, after stating that the differential calculus had been 
explained in that work by Leibnitz, its inventor, and further by the 
Bernoullis, and De I’H6pital, the author proceeds as follows : “Instead 
of the Leibnitian differences Newton applies and always has applied 
(adhibet semperque adhibuit) fluxions, which are quam prowimé as the 
increments of flowing quantities generated in infinitely small times, 
and has used them with elegance both in his ‘ Principia’ and in subse- 
quent writings, just as (quemadmodum et) Fabri in his synopsis has 
substituted (substituit) motion for the method of Cavalieri.” This was 
considered by Newton’s friends as an imputation of plagiarism on their 
chief; but such a construction was always strenuously resisted by 
Leibnitz. On the one hand, it was declared that Newton was repre- 
sented in the same light with regard to Leibnitaz as Fabri to Cavalieri, 
by the force of “ quemadmodum et;” on the other, it was replied 
that the distinction between separate invention and borrowing was 
preserved in adhibuit and substituit. We are inclined to suspect that 
the meaning of the writer was not very fair, though the words semper- 
que adhibuit are rather in his fayour. Be this as it may, the preceding 
sentence called forth the assertion of Keill (‘ Phil. Trans.,’ 1708), that 


* They had not then been published, nor was it known that they were to be 
published, 
K 
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Leibnite had inserted Newton's method, c! its name and nota- 
tion, in the wg re. Lager The article Commencrum Ernsroticum takes 
up the history at this point. 

The ‘Commercium Epistolicum’ did not reach Leibnitz, who was 
at Vienna, for a considerable time. In the mean while he wrote to 
John Bernoulli (who had received his copy) for ae ere of the 
work. This the latter gave, first in a letter to Lei , and after- 
wards (as Leibnitz asserts) in an anonymous tract published in July, 
1713. But, as in this tract the author speaks in pies poss ¢ Fae 
of John Bernoulli, it has been sup’ that at least it was edited by 
some one else. This letter is decidedly as unfair towards Newton as 
the friends of the latter had been towards Leibnitz; it asserts the 
method of fluxions to be a plagiarism from the Differential Caloulus. 
Keill printed a reply, and Newton and Leibnita then appear as mutual 
acousers, in letters to Mr. Chamberlayne. Nothing remarkable arose 
out of this correspondence, which terminated in the announcement of 
Leibnitz that he also would prepare a ‘Commercium Epistolicum.’ 
About December, 1715, Leibnitz re-opened the matter in a letter to the 
Abbé Antonio Conti of Venice, then on a visit to England. He there 
complains of the ery he had received, sign or the etireT: 
philosophy in general. Newton wrote a reply, Fe ruary 26, 1715-16, 
in wich ie very much dwells on previous ve aye made by Leib- 
nitz. The latter, in a third letter to Conti, April 9, 1716, avows that 
he always believed Newton upon his word, but that, seeing him 
connive at accusations which he must have known to be false, it was 
natural that he (Leibnitz) should begin to doubt. Newton is also 
reminded that he had made some admissions in favour of Leibnitz (in 
the scholium) which he was now desirous of disavowing. This letter 
was not sent directly to Conti, but first to Paris, that it might be there 
seen and copied by a friend: on which Newton refused to send any 
answer, considering it as an insult that Leibnitz, though he com- 
plained of suppressions in the ‘Commercium Epistolicum,’ should take 
means to preserve evidence to the whole of his letters. But Newton 
cireulated some remarks among his friends, which he published imme- 
diately on hearing of the death of Leibnitz, November 14, 1716. It 
is in this last paper that the remarkable sentence occurs which we have 

noted above in connection with the scholium which it disavows. 

jhson’s ‘ History of Fluxions’ being then a publication (its 

title-page bears 1715), or perhaps published, the Conti correspondence 
was annexed as a supplement. P 

The history of the controversy ends with the death of Leibnitz, 
and we shall conclude this article with a few additional quotations and 
facts which bear upon the subject. ! 

1. The second letter of Keill (May 24, 1711) [Commercrum Eptsto- 
Liou], on which the whole of the subsequent dispute arose, was in 
substance the statement of Newton himself. In the minutes of the 
Royal Society, April 5, 1711, it is stated that “the president gave a 
short account of the matter, with the particular time of his first 
mentioning or discovering his invention, referring to some letters 
published by Dr. Wallis: upon which Mr. Keill was desired to draw 
up an account of the matter in dispute, and set it in a just light.” 

e letter in question was the consequence, which was read at the 
meeting of the 24th of May (its date). 

2. The original committee consisted of Dr. Arbuthnot, Mr. Hill, Dr. 
Halley, Mr. Jones, Mr. Machin, and Mr. Burnet. This is what Newton 
has been supposed to call “a numerous committee of gentlemen of 
several nations :” and singularly enough, no writer on the other side 
has ever noted this apparent unfairness. But it has lately been dis- 
covered that Newton was right. During the investigation there were 
added to the committee, Robarts, Aston, Brook Taylor, Bonet, the 
Prussian minister, and De Moivre. The names of the committee were 
not published with the ‘Commercium Epistolicum.’ 

8. So far from the committee considering themselves as in any 
judicial capacity, it appears, from a letter of Burnet above-named to 
John Bernoulli (which the latter sent to Leibnitz, and the extract is in 
the published correspondence of the two), that the Royal Society was 
b proving by original letters that Leibnitz might have seen the 
method of flaxions in the correspondence of Oldenburg, &c. 

There was throughout the whole dispute a confusion between the 
knowledge of fluxions or differentials and that of a calculus of fluxions 
or differentials, that is, a digested method with general rules. If the 
dispute could be revived at the present time, it would be on entirel, 
different grounds; but of course, in describing the controversy as it 


existed, we need only consider those points which were put in issue by | distan 


the — themselves, 

FLYING BRIDGE. This consists usually of a boat or other vessel 
which, ley | attached by a rope to a buoy, moored in the middle of a 
river, is e, by the action of the current, to move across on an are 
of a circle of which the buoy is the centre. On large rivers, at places 
where the communications across them are very frequent, such bri 
will probably, in future, be superseded by steam-vessels; but, for 
temporary purposes, and particularly to facilitate military operations 
in countries where steam navigation is not in use, they may be of the 
highest importance. : 

Let A be a buoy securely anchored in the middle of a river, and B a 
boat to which, at a point about one-third of the vessel’s length from 
the head, is attached one end of the cable or chain Ba: then p b indi- 
cating the direction of the current, if the keel ab of the boat be in- 


clined to that direction in as pba, the of tho salad 
any angle as p ele vrert Pepe 


ee ae ee 


to pb, or across the river, will cause the boat to 
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jobcesare apr gente eee when, for 
is v , it must be supported as at and 
oral oat, ‘i us 
flying bridge sometimes consists of a simple 
having a mast fixed to one of its sides in the 
The cable passes through 
one end to the i ae side of the vessel, 
fast to the buoy. ropes connected with the cable 
head and the other to the stern of the vessel ; 
of these, the other 
oblique to the current : 
var aided by 
the head or stern as the case may 
In a rapid current it may be le 
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transfer its immediately to that which is to describe 

other half of the breadth. : in 
A raft NP Q having its front, as N P, lel to the direc- 

tion of the current, and being connected by a at N, with a rope — 

8 v stretched tightly across the river, may, by a resolved force of the 


current on NQ, be impelled directly to the opposite bank ; y 
reversing its Oirice Be ihe Feat bo ‘oobueitod by © ring oitiee 
rope 8 V, the raft may be im, across in a contrary direction. 
boat running by a ring at one end, on 8 Vv, may, 
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the current acts strongly \ ‘then 


FLYING SAP. 
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position corresponding ing to that of the line n Q, in like mamner be 
sheered across the river, 4 
_ On broad rivers, and when objects of great bulk and weight, as 


or artillery, are to be conveyed across, two boats or 


inst a side of the lower vessel. . 
and each is ided with a mast, which may be from twenty to 
sy erga ight ; these are connected together at ten or fifteen 
feet the pee oe aes Loties ntal beams, one above the other, 
them is a block of wood which is capable of sliding from 

one mast to the other. The cable or chain is made to pass through a 
; (cn aberthpebemened ie a ee contiguously 
either , according to the direction in which the vessels are to 

A drawbridge is constructed on each side of the platform, and 
of them is let down to form a passage when the vessels arrive at 
on either side of the river. Each vessel has a rudder, 
are connected by a bar, in order that one man may be 


ing the subject of this article, see Sir 


4 ple i 
‘Howard Douglas on ‘ Military 
FLYING SAP, is the formed by placing and filling several 
gabions at the same time, not in succession as in the usual method 


' rn ee eens Lena on tis Sheeek ot » fo tronn 
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by the Chinese Fih, is the name by which Buddha 

) i wor Chinese Dictioaey’ ( i hepagengr® 

in Dr. ison’s ‘ Chi i ’ (vol. i. part i. pp. 92, 93). 
of Fo was introduced into China in the ear of 

Emperor Ming, about a.p. 50. 


ee eee 
Davis remarks, in his work on the Chi 

condition in China of the religion of F% is very far 
and the extensive and magnificent establishments 
times are evidently in a state of 
It is rarely that one meets with any of their 
or seven-storied oh together repair, though one or two of 

t 


Ev.iese ; Hypernona; Paranora.] 
a hearth or fire-place, used in 
at or near which the rays of light are 
: by a lens or mirror, Its distance from the lens or mirror is 
called the focal length. (Lexs; Mreror.] 


__ FOGSIGNALS. The blowing of a horn, the ringing of a bell, the 
beating of a drum or gong or empty cask, the firing of ae 
p , is in a fog a means of safety. The Admiralty have rules for 


&c, ; but little has been done for single ships of the merchant 


- ery provision was 
Merchant Shipping Act of 1854, for the enforcing of such 
regulations as issue from authority. Difficulties evidently beset 
the question, as the safe passage of a ship in foggy weather through 
our crowded maritime highways must depend so much on individual 


commerce of the kingdom is becoming more and 


Yor 


steamers, and their “ whistles” are a powerful and 

cteristic le of warning, it might be well to organise a few 
for general use, after the following manner. 

the mark “—” represent, on paper, a sound from the steam 
lasting while a could lei count four, and the 

“~~” indicate sound from the whistle, enduring while 

count two. 

to know in what direction a steamer 


(¢ 


— 
at 


signals so on it, or on a bugle, or with a common whistle, 
or even with mouth (on an emergency), would in many cases pro- 


bably prevent collision [Cortistons av Sua]. And further, if a vessel 
be on the starboard tack, close hauled,a prolonged blow would announce 
it, and if close hauled on the port tack, a few short repeated sounds of 
any sort would give sufficient notice: while a vessel at anchor might 
make any beating sound. 

But all precautions taken on board ship in certain cases will prove 
= ig etal taken to give sounds from the shore, The 

umane but ial and voluntary custom in some parts, of ringing a 
village church bell on a coast in thick weather, if rendered corkpelenne 
—or the sounding of a bell at certain conveniently situated coast- 
guard stations along the shore,—would not only alleviate the dangers 
which at present threaten seamen, but it would be a boon to boatmen 
and fishermen. For instance, three long sounds of equal length might 
always be used to indicate the shore. 

- An excellent fog-horn has recently been introduced from the United 
tates. 

Fog-signals, made with an explosive material, are also used on rail- 
roads. They are placed on the rail ; the engine-wheel on passing over 
it causes it to explode with a noise calculated to announce the approach 
of the train to a considerable distance. 

FOIL, is a very thin sheet of metal, made usually for placing 
beneath artificial gems to heighten their brilliancy. Foils are made of 
tin, copper, tinned copper, or silvered copper—the last for the best 
work. They are left white for imitative diamonds, but are coloured for 
imitative rubies, sapphires, &c. The best white foil is made by coating 
a plate of copper with a layer of silver, and then rolling it into sheets 
in the flatting mill. The coloured foils are prepared by coating the white 
foil with coloured varnish. The principal colours used by artists are 
employed, mixed with mastic, spirit, and drying oil, to form the 


f | coloured varnishes. The following are examples :—amethyst foil, lake 


and Prussian blue finely ground in drying oil; sapphire foil, Prussian 
blue and drying oil; garnet foil, dragon’s blood and rectified spirit ; 
emerald foil, pale shellac, alcohol, and acetate of copper ; ruby foil, 
lake, isinglass, and shellac ; topaz foil, turmeric, annatto, and shellac. 

Sheet lead, so extremely thin as to resemble foil, is employed as a 
lining for tea-chests. Mr. Wimshurst, one of the managers of the 
Assam Tea Company, invented, in 1858, a very peculiar method of 
producing this foil, It is said that England sells no less than 4000 
tons of lead annually to the Chinese, chiefly to be made up into foil 
for lining their tea-chests; this they do rather clumsily. The Assam 
Company paid from 20002, to 3000/. a year for lead-foil made on the 
old method of rolling; but Mr. Wimshurst has effected a great saving 
in this item by the adoption of his new method. He makes a cylinder 
of lead, by casting in a mould having a mandril or core in the centre ; 
the mould opens by a hinge into two halves, and liberates the metal. 
A knife or cutter, as long as the cylinder, ‘is gradually brought up to 
it, and shaves the surface. The cylinder rotates slowly while being 
thus cut, The mechanical ement is such that the ecutting-blade 
advances gradually towards the axis of the cylinder, and the rate of 
this advance determines the thickness of the film. The film is received 
on a collecting spindle, which can be removed with the coil upon it. 
The eathingereackiine acts equally well on a cylinder of tin or one of 
lead, or of a combination of the two metals. 

FOLK-MOTE, or FOLK-GEMOTE, literally a meeting of the 
people; an assembly under the Anglo-Saxon government, respecting 
the nature of which some of our antiquaries have differed. Sir F. 
Palgrave believes that it existed in Britain before the establishment of 
the Saxons. Somner, in his ‘ Anglo-Saxon Dictionary, calls it a 
general assembly of the people for considering and ordering matters 
of the Commonwealth. So the laws of King Edward the Confessor, 
“ Folemote, i.¢., vocatio et congregatio populorum et gentium omnium, 
quia ibi omnes convenire debent, et universi qui sub protectione et 
pace Domini Regis degunt.” The continuation of this statute of 
Edward the Confessor expressly directs that the meeting of the Fole- 
mote should be held once in the year upon the Ist of May. “ Statutum 
est enim quod ibi debent populi omnes, &c., semel in anno scilicet 
convenire, scilicet in capite Kal, Maii.” (Wilk., ‘ Leg. Anglo-Sax., 

. 204.) 

R Brady, in his ‘ Introduction to Old English History, Gloss, p. 47, is 
entirely mistaken when he speaks of it as an inferior ordinary court, 
held once a month. This was the Hundred Court. The Folk-mote: 
and Shire-mote (or general meeting of a county) were synonymous. 
(Wilk. ut supr. Gloss. p. 404.) According to Sir F. Palgrave, the 
Folk-mote was a representative assembly to which the various districts 
sent their sheriff (gerefa) and four men. It certainly possessed judi- 
cial powers, of which he gives examples (‘ Rise and of the 
English Commonwealth’); and jurors appear in many instances to 
have been selected from among the representatives attending the Folk- 
mote. The Folk-mote, indeed, appears to have had nearly the same 
constitution, with powers, limited by the locality it represented, as the 
Wite ote; to which frequently the same representatives were 
sent as attended the Folk-mote, 

Tn later times a Folk-mote, according to Stow, among the citizens 
of London, meant a meeting of themselves, Fabyan, in his ‘ Chro- 
nicles’ (edit. 1811, p. 344), mentions a court of folk-mote held at 
Paul's Cross in 1256 ; and another assembled by command of Henry III. 
(ibid. p. 845), “ where the king, according to the former ordinances 
made, axed licence of the commonalty of the city to pass the sea,” 


. 
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FOMENTATIONS are liquid applications, generally of a warm 
temperature, placed in contact with a limited portion of the body, to 
mitigate or remove disease of the part, or of the ptoeins organs. 
They differ from partial or local baths, chiefly in the greater length of 
time which they are kept applied. Flannel cloths, or other substances, 
such as the sponge t to retain heat and moisture, are com- 
monly employed. To enable these substances to retain the heat still 
longer, they are often covered externally with oiled silk. It is seat 
to renew the application before the cloths ay oh give a feeling of 
coldness. The liquids used are of various » Sometimes pure 
water; at other times medicated ; they are termed emollient when 
charged with mucilaginous principles, such as mallows, and sedative 
or _— when they contain a narcotic principle, such as poppy 
he 

FONT, the vessel placed in a church to contain the water em: 
in baptism. The form of the font is evidently derived from of 
the larger Roman stone vases, but few if any of the fonts now found 
in churches are of a date earlier than what in architecture is known 
as the Romanesque period. In our own country there are a great 


many fonts, curious both for their antiquity and their architectural | panels 


design. One or two are, on questionable grounds, attributed to! 
the Saxon period; but those respecting which there is no difference 
of opinion range from the Norman period to the decline of Gothic 
architecture. 

What may be called the normal form of a font is that of a cup or 
bowl hollowed out for water, and supported on a thick solid stem. 
‘The exterior of the bow] is in the older examples round, or square, but 
in the later most commonly octagonal; and the sides and stem are 
often highly enriched with sculptured figures, and occasionally traces 
of colour and gilding still remain, as at Gorleston and Blythborough, 
Suffolk, and Gresham, Norfolk. In many instances, a flight of steps 
forms a base for the stem; and in fonts of the Perpendicular period, 
even the steps are carved with panels, having quatrefoils and rosettes 
sunk within them. From about the middle of the 13th century, when 
by a rescript of the Archbishop of Canterbury fonts were required to 
be covered and locked, the lids of fonts began to acquire an ornamental 
character equally with the fonts themselves. At first they were merely 
plain covers with padlocks, but eventually (though probably not before 
the middle of the 15th century) they assumed a pyramidal or spire- 
like form, richly carved with a profusion of shafts, buttresses, and 
tracery, piled up to the apex. Covers of this kind still remain at 
Castleacre and North Walsingham churches, Norfolk ; Ewelme, Oxford- 
shire ; Thaxted, Essex, and elsewhere. 

The more ancient fonts are generally very ; the basin being 
sufficiently capacious to permit of the baptism of the infant by immer- 
sion. Asa rule they are made of stone, and almost always from a 
single block ; but some leaden fonts of Norffan, as well as of later date, 
are still extant both in this country and in France: in the latter 
country a few remain of copper or bronze. Fonts were mostly placed 
in the western end of the nave, near the entrance of the church; but 
sometimes in a portion of the church separated from the body of the 
building by walls or a screen, or entirely detached from it. Of these 
baptisteries as they were called [Bapristery], examples occur at 
Canterb Cathedral; Luton, Bedfordshire; Cranbrook, Kent; and 
Menacuddle, St. Austel, Cornwall; but more perfect examples may 
be found in some recent churches erected in conformity with strict 
“ ecclesiological” principles; as All Saints, street, London, 
where the font (which has a carved cover of the kind described above), 
is enclosed in a rich baptistery, which is shut off from the nave by 
low walls, though under the same roof; and at All Souls’ church, 
Halifax, where a baptistery is formed in the basement of the tower, 
which stands at the north-west angle of the church. 

Fonts of Norman date are’ nearly always large and massive; the 
basin is usually round or square, but some occur which have been 
rendered octagonal by chamfering off the angles of the square blocks, as 
at Drayton church, Norfolk. They are supported on a very thick stem, 
but in some of the largest there are also smaller shafts placed under the 

of the basin, as at Lincoln cathedral ; Ifley church, Oxfordshire ; 
South church, Hayling Island, Hampshire, &. Norman fonts are 
frequently sculptured with rude bassi-relievi, of the Crucifixion or Bap- 
tiam of Christ, or some other typical Paap Be Seba of the apostles, 
saints, grotesque figures, scroll-work, &c. Porchester church, Hants, 
has a very ancient circular font, resembling in character the puteal, or 
circular stone-mouth of the well in the atrium of a Roman house : it 
is decorated with in ing arches on columns, with a frieze of 
foliage and figures above. At Coleshill, Warwickshire, is a Norman 
font, of which the basin is a mere cylinder, but elaborately sculptured 
outside with the Crucifixion (enclosed within a circle), the evangelists, 
&c., and supported on an enormously thick stem. A handsome circular 
font richly covered with scroll-work occurs at Great Shefford church, 
Berks ; at Monks Risborough, Buckinghamshire, the circular basin is 
fluted. Most Norman fonts are of stone, but some occur of lead. One 
of the most remarkable of these is in Dorchester church, Oxon. The 
bowl is of cast lead, of 1 foot 104 inches internal diameter, 2 feet 2 
inches external, and 1 foot deep. 
seated under semicircular arches, representing, probably, the 
A udas being omitted. The pedestal is of stone and more 
modern, A leaden font of very beautiful workmanship is in the chapel 
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‘ont at Walsoken, Norfolk. On the panels of 
or quatrefoils ently inclose roses or heraldic shields. 
where single, is octagonal and panelled. 
relievi, sometimes very beautifully executed, 
examples, both within niches on the panels of basin, 
the stem. A very beautiful example of a Perpendicular 
best period occurs at East Dereham Church, Norfolk, of 


give an engraving. ‘The lofty pyramidal font-covers spoken of 
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Font in East Dereham Church, Norfolk, from an original drawing made by 
Mr. W. B. Clarke, architect, in 1854. 


are chiefly of this period—the famous one at Ewelme, Oxford, which 
is 10 feet 6 inches high, is a characteristic example. 

From the decline of Gothic architecture little attention was given to 
fonts in this country ; and not were no new ones of any artistic 
pretension executed, but the ones were coat and often 
applied to the most unworthy uses, Since the revival of Gothic — 
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architecture, however, many fonts have been executed of a very costly 
. kind, and exhibiting great imitative skill, if not much originality of 


Simpson’s ‘Series of Baptismal Fonts, and Paley’s ‘ Illustrations of 

_ Baptismal Fonts,’ furnish descriptions and engravings of numerous 
_ English fonts of the several periods, and the latter work gives also 
careful admeasurements of each example: the ‘ Archzologia,’ the 
* Archeological Journals,’ and the local histories, will supply many 
additional instances. Sufficient examples and iptions (for the 
of comparison) of French fonts, will probably be found in 

A. De Caumont’s ‘Cours d’Antiquités Monumental,’ vol. vi., and 

3. Atlas,’ Paris, 1841; and his ‘ Rudiment d’Archéologie—Architecture 


) Par. 1854 
D. All bodies are nourished by he introduction 
into their in structures of materials from without. Such 


materials are called indifferently aliments or food, and are fitted to 
supply and maintain the fluid and solid matter of the body. For this 
purpose they must either be soluble naturally, out of the body in 


may be in external appearance or chemical composition, they 
are reduced by the action of the organs of digestion into a fluid (chyle) 
[Dieestion, in Nar. Hist. Drv.] of homogeneous character, which is 
werted into solids and fluids of different natures by the influence 
of the powers of assimilation. Before undergoing this second change, 


they must be brought into the state of ial blood, and so form 
a part of the circulating fluids of the body. Substances which are 
incapable these successive changes cannot be considered 


; of undergoing 
__ as articles of food, or capable of imparting nourishment to the frame. 
' aré however various articles which, although incapable b: 
of nourishing, appear, when taken in conjunction wi 
other articles, to contribute essentially to nutrition. But even of a 
substance unquestionably nutritious, the whole mass is never com- 
pletely nutritive, that is, capable of being entirely assimilated; some 
portion of it merely giving it bulk, or being of a nature calculated to 
_ make certain impressions on the organs of digestion, and to stimulate 
them to those actions which conduce to the exercise of the function of 
: digestion, such as the tannin of our vegetable food, salt and other con- 


Those substances which have previously been endowed with life can 
_ alone be considered as affording nutriment to animals of a high degree 
isation, such as man, of whose aliment we here mean to treat. 
eee ram ot Cee enbject, i may be 
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former is op Stentgpegp ta convenience, and does not extend to 
any ultimate in the nature of the material, but only to the 
in which they are respectively treated by the organs of 
; while the latter is only important in a medical point of 
view, as relates to the amount of nutrimentin a given quantity of 
food, and the impression which the two kinds of food make upon the 
r generally. “Specific differences are distinguishable in the 
, at least, if not in the chyle, according as the food from which it 

is has consisted of vegetable or animal matter, and according 
_ as it has contained fatty or oily substances, or been destitute of them.” 

Nevertheless as those substances alone contribute to the nourishment 
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ee eae in the proximate 
of animals and vegetables, of which principles none perhaps 
animal, it seems most advantageous to treat at the 
principles, without reference to the source whence 
molecules can only be liberated by being diffused 
fluid, and therefore it matters not whether they be 
a condition by external agency or by the apparatus 
i i are furnished, namely, the teeth, 
state they must be brought before they can 
strainers of the alimentary canal. The resolution of the 
nateri food into their organic molecules is the real office of the 
digestive organs, while exercising that function within healthy limits ; 
the resolution of the proximate principles into their elementary or 
ultimate when various gases are evolved, is a morbid or 
oe action of these organs. 

4 proximate Lig of alimentary substances consist sometimes 
_ of three, sometimes four 
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resemble vegetable oils. Animals which are decidedly carnivorous do 
not prosper if kept long on food destitute of azote; but man, whose 
dwelling-place is under different climates, can dispense with an azotised 
diet better in some parts of the world than in others, for instance, 
better in tropical countries than near the poles. The pilgrims and 
attendants on the caravans in their journeys across the deserts of 
Africa can subsist for a length of time on gum, which does not contain 
azote. Majendie, who carefully investigated the subject, concludes 
from his experiments—Ist, That animals derive the azote which enters 
into their composition entirely from their food, and hence, that no 
animal can live for a considerable time on food entirely destitute of 
azote. 2nd, That animals, even those naturally carnivorous, can live a 
certain time upon food entirely destitute of azote, in consequence of 
which the excretions of those naturally carnivorous become altered, 
throwing off less azote than when they are fed on animal food, and 
acquiring the properties which these excretions have in animals whose 
food contains a very small proportion of azote. 3rd, That vegetable 
and animal substances destitute of azote are highly nutritious, pro- 
vided at the same time azote can be supplied from some other aliment 
containing it, though in small proportion. It seems however that 
vegetable aliments acquire an accession of azote in the digestive organs, 
though probably at the expense of some part of the system. Admitting 
the general correctness of Majendie’s views, alimentary substances may 
be divided into three classes : 


I. Those which contain azote, carbon, oxygen, and hydrogen. 
If. Those which contain carbon, hydrogen, and oxygen. 
IIL. Those which contain neither azote nor carbon. 


The first class naturally demands the greatest share of attention, 
because “the aliments which contain azote correspond with animal 
substances in general, and are calculated to repair the waste of our 
solids and fluids without great alteration or effort in the digesting 
organs. All the immediate principles of this class are not however 
equally digestible, or of the same properties.” It is n 
therefore to say a few words on the leading forms or states in wnt 
azotised principles occur. 

Fibrin ; this and other terms are retained here, though not in strict 
accordance with the present chemical phraseology with respect to food 
and its constituents, because these having been long in use are better 
known to unscientific readers. The modern views and phrases are all 
given under the Art. Foon, in Nat. Hist. Div. Animal jibrine, animal 
albwmen, and animal caseine, constitute the chief animal proteinaceous 
principles, that is, compounds of protein and sulphur, and in the two 
former of phosphorus ch PROTEIN. ] 

1. Fibrin. —This is found in greatest abundance in the animal 
kingdom, constituting the principal part of the muscular fibre of 
animals, and no inconsiderable portion of the blood, when by rest that 
fluid is coagulated. It has been thought to exist in some of the con- 
stituents of the vegetable kingdom, particularly in the juice of the 
fruit of the Carica Papaya, or papaw-tree, and in certain other plants 
with a milky juice, such as the Palo de Vaca, Cow-tree (Galactodendron 
utile) of South America, and some fungi, or mushrooms. The identity 
of the principle found in these vegetables with animal fibrin has been 
questioned by some recent chemists. Dr. Thomson considers the 
principle of the cow-tree distinct, and terms it galactin, while Gmelin 
bem that of the others emulsin, which he considers analogous to 

uten. 

Fibrin constitutes the chief part of the solid matter of the muscles 
of animals, particularly of those which are old and have dark-coloured 

flesh ; it is that portion which remains in the form of fibres after 
all the soluble matters have been removed from the flesh of animals 
by long boiling. It is insoluble in cold water, is corrugated by long 
boiling in water, is insoluble in alcohol, but strong acetic acid causes 
it to swell considerably, rendering it transparent like cartilage, in which 
state it may be dissolved, or, at least, diffused through water by long 


The flesh of animals is divided into white and coloured, and indeed 
it differs in the same animal at different ages, having different accom- 
panying constituent principles at different periods of life. Thus in 
the calf the muscles are white, or only pinkish; in the ox they are 
deep red; in the first state much gelatin and little of ozmazome is 
present ; hence the gravy of veal easily gelatinises, while that of beef 
rarely does so. 

in is in general more tender, that is, more easily digested, be- 
cause the force of aggregation is more easily overcome by the powers 
of the stomach in middle-aged than in old animals, and in the flesh of 
the female than that of the male, unless the males have been castrated 
when young. f 

Albumen is another important constituent of animal bodies, but of 
more ing occurrence in vegetable substances. In animal sub- 
stances it occurs in two states, fluid and coagulated. The most perfect 
examples of it in the former state are the white of eggs, which is an 
alkaline solution of albumen, and the blood, which is likewise probably 
an alkaline solution of albumen. C ted albumen constitutes 
cartilage, horn, hair, and the nails or hoofs of animals. It forms the 
chief constituent part of oysters, muscles, snails, &c. Milk is an 
albuminous fluid. ; 

At the temperature of 165° Fahr, albumen is coagulated, and it is 
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likewise solidified by many acids, such as that of the gastric juice (in 
the form of tn er e some metallic salts. Milk, though coagu- 
lated by acids, is not so by boiling. 

Albumen is likewise found in the green fecule of plants in F grears 
and in some vegetables in very considerable quantity, such as the fruit 
of the Hibiscus esculentus, or Ochro, and the bark of the Ulmua cam- 

is, or elm. The former is used in Sicily to thicken soups, and 
extol used in the West Indies to clarify sugar. 

Animal caseine, the portion of milk which is ted by rennet, 
and some acids out of the body, and by the gastric juice in the stomach, 
constitutes curd. In the milk it is kept in a fluid state by the alkaline 
principles present. These are neutralised by the acids. 

Gelatin abounds in most animal substances, and is common in pro- 

ion to the youth of the individual. It exists in bones, ligaments, 
oe membranes, skin, muscles, as well as in a portion of the horns 
of animals. The skin of fish, much of their substance, and the swim- 
ming-bladder of the sturgeon, are formed of gelatin. It is remarkably 
bland and nearly insipid, as may be remarked in any solution of 
isinglass. Gelatin is not of common occurrence in the vegetable 
kingdom, and it is distinct from vegetable jelly. It occurs, however, 
in the Protococeus nivalis. 4 

Gelatin is the opposite of albumen in its qualities; in cold water it 
swells, is not transparent, is soft, and somewhat elastic. The gelatin 
of isinglass and of young animals is slowly but completely soluble in 
scarcely tepid water, while that of old animals, of skins, and of hoofs 
or feet, requires warm water for its solution. The solution, when of a 
certain strength, tinises into a tremulous or solid jelly. It is a 
highly nutritious principle, but its digestibility is, in popular estimation, 
much overrated. : 

Mucus is a principle probably found only in animal structures, 
unless it exists in some plants of the tribe of Boraginacee, It differs 
from albumen principally in not being coagulable by heat, while it 
differs from gelatin in not being precipitated by vegetable astringents, 
though tannin coagulates the watery combinations of mucus: neither 
does a concentrated solution of it gelatinise on cooling. Mucus is 
a constituent of most of the secretions of animals, particularly of the 
membranes termed mucous. It is deemed both nutritious and of easy 
digestion. 

Osmazome, animal extractive, or alcoholic extract of flesh, is deemed 
the principle to which meat owes its sapid taste and odour when dressed. 
Berzelius is di to refer these qualities to a watery extract of 
flesh, which he terms zomoidin. Osmazome is by no means a simple, 
but, on the contrary, a very compound substance, consisting of at 
least two different extractive materials, lactic acid, several salts, 
alkalies in combination with hydrochloric acid and lactic acid, &e. 

It is probably limited to the animal kingdom, though a substance 
strongly analogous to it is found in many mushrooms, or fungi, namely, 
the common mushroom (Agaricus campestris), the A. muscarius, A, 
bulbosus, A. thejogalus, and in the sporidia of the Elaphomyces ne 
nalis. This principle is not soluble in alcohol, and to distinguish it 
from ozmazome it is termed Pilzosmazom ; to it different fungi owe, 
when dressed, their savoury odour, resembling that of animal food, 
and probably a portion of their nutritious property. : 

Osmazome exists sparingly in young and white meats, which con- 
sequently are deficient in savour; it is more abundant in that of 
animals of which the flesh is red, such as beef and mutton; it exists 
chiefly in the fibrous organs, or combined with fibrin in the museles, 
but the tendons and gelatinous organs are, in a great measure, destitute 
of it. Animals with Redcosbarer flesh, such as the hare, and different 
kinds of game, possess most, and hence are much esteemed by the 
lovers of savoury viands. , ¢ 3 

Gluten is, of all vegetable principles which occur in considerable 
quantity, the one which contains most azote, having from 14 to 20 
percent, Cafeine, or the alkaloid of coffee, possesses a much larger 
proportion. Gluten is met with, associated with starch and other 
matters, in the seeds of the cereal grains, in several other seeds, in 
many fruits, and in all green and other sappy parts of plants which 
yield. fecule. When separated from the principles with which it is 
usually associated, it is, when moist, a white, soft, elastic, and highly 

utinous substance (bird-lime) ; when dry, it is white or whitish gray, 
aay of a dull shining and conchoidal fracture. It is without smell 
or taste, insoluble in and heavier than water. Under ordinary cir- 
cumstances, about a fourth part of what is termed gluten consists of a 
principle called gliadin, What remains after the removal of this and 
other matters present with it, is, according to Taddei, pure gluten, 
which he names zymoian. In the fleshy seeds of pulse, such as beans 
and peas, exists a substance resembling gluten, called legumin and also 
vegeto-animal substance. 

Gluten is found in many esculent plants, such as the leaves of 
cabbages and cresses, and in other edible cruciferous vegetables. Of the 
nutritious powers of gluten, separate from the starch,,fat, gliadin, &c., 
with which it is always associated, nothing certain is known. In a 
state of combination, such as that of wheat-flour, it is highly nutri- 
tious. Such also is the character of the seeds of peas, beans, and other 
edible > 

Fluids which contain at the same time any of the varieties of su, 
and of gluten, or gluten-like principles, are capable, under favourable 
circumstances, of undergoing the vinous fermentation, A kind of 


fermentation occurs, by the agency of the gluten, in the conversion of 
wiashiicer ‘ate ecu on dae 


while others pronounce it to be gluten. To Gmelin it 
he) has accordingly given it the above name, is | 
gg ears regenrsticre mere - oni 
ximate principles which consist of oxygen, hydrogen, and 
carbon, called hydro-car . 
Gum oo re of vegetables, in all of which, but mostly in the — 
soft parts of them, it is found; in some, however, it somuch as — 
te ee eke OS ee eee by 
or gummy, such as the carrot, parsnip, Gum is colourless, but 
an en ae 
ue, transparent or of an insipi i \ 
and not crystallisable, When pure, it is entirely soluble in ws 
whether warm or cold, forming with ita tenacious fluid ; it is i uble— 
in alcohol. In the state of solution in which it occurs in plants, of 
which it forms the chief material for their nutriment, it is termed 
mucilage, From some trees, either by spontaneous cracks or ons, 
it exudes and concretes on the bark, as is seen in the various a, 
which yield the gum arabic, the plum, and cherry trees, &c. There is — 
some difference) in chemical c in the various sorts of gum, 
according to the plant which yields it, but these : 
nutritive properties. The principle which is found in many fruits, _ 
such as the gooseberry, currant, orange, &c., which is je : 
regarded as a kind of gum, though designated pectin, is 
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acid nor of basic properties, and the reason why it so often: | 
seems sour is by being united with vegetable acids (malic, citric 
&c.), which communicate to the juices of these fruits their taste, 
also enable them to redden litmus . The grateful and coo b 
properties of such fruits is therefore chiefly due to the vegetable 
while their nutritious qualities depend upon the 
principles, Some of these, such as plums, apples, 
tain 73 to 80 per cent, of water. (See Johnston's ‘ 
ooMtuclleginon. 1 rarely fi h wild 
Mucilaginous v bles are ly fit for use when gro’ 
they are much ameliorated by the processes of ortandines, 
bulk increased and their qualities improved ; those which 
or narcotic, as endive, lettuce, sea-kale, &c., 
dered mild and safe, or by being served to table while 
asparagus. The difference in flavour of such vegetables is 
principles with which the gum is associated; but their nu 
perties are owing to the gum, which even when taken alone, 
mawkish, and at last repudiated by the palate, is i 
the support of the human frame for many weeks or 
During the harvest of gum at Senegal the Africans entirely vu 
it, eight ounces being the daily allowance for each man. In 
they become plump on this fare, and indeed such should be the 
if the calculation be correct which assigns as great nutritive 
four ounces of gum as to one pound of bread. 
Sugar isa principle much more abundant in vegetable than 
fluids; it exists however in small quantity as a constituent of th 
bile, and in the milk of many animals; and it is formed in large 
quantity as a product of perverted action of the digestive and assimi-— 
lating organs, in the disease termed diabetes, [D1aneres.] In chemi- — 


cal composition sugar does not differ from gum, in 
having a greater proportion of carbon. additional , 
however is sufficient to confer upon it considerable differences in 
character. Sugar is of different kinds, ing to the . 


plant which - 
yields it, and according to bei of the plant from which it is — 
obtained. Sugars are therefore divided into those which are crystal- _ 
lisable and those which are not, and likewise into those which are sus- 
ceptible of fermentation and those which are not so, The sugar of the - 
sugar-cane is the most perfect example of those kinds which are both 
crystallisable and capable of undergoing fermentation ; sugar of milk 
and mannite are examples of the second class, A remarkable feature — 
presents itself in sugars of the first class; for, while susceptible, when — 
dissolved in sufficient water, of the vinous or acetous fermentation, 
they greatly assist, when concentrated, in preserving vegetable sub- 
stances, either when naturally present in them, as in many fruits, 
grapes, raisins, prunes, &c., or added artificially in ras, aes 
serves, jellies, &c, Those fruits which grow in seasons fa te 
the elaboration of much saccharine matter in their tissues not only 
keep better, but are more wholesome than when grown in less fayour- 
able years. [Sucan.] “a ‘ hich 4s both nourishing and 
Honey contains a variety of sugar, w is nouri 
capable by fermentation of yielding mead, which was long the favourite 
beverage of the ancient Briton. y fungi, or mushrooms, contain a 
peculiar kind of sugar, which —— to omg etapa 
Starch possesses a larger ion of carbon sugar an i 
by removal of this additional proportion of carbon it is reduced Othe a 
state of one or other of those principles. This ess of reduction — 
occurs spontaneously in the course of flowering in plants, and in the _ 
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stomach during digestion. When combined with gluten, it is suscep- 
_ tible of fermentation, and b undergoing the panary fermentation 
forms bread, one of the most important articles of food in civilised 
life. As this is ordinarily managed, some portion of the flour is made 
_ to yield up a certain amount of its carbon; but the precise nature of 
__ the change which the flour undergoes during this action is not clearly 
_ understood. The digestibility of the flour is however greatly increased 
this process ; and by various admixtures, chiefly of common salt, 
the taste is improved. READ. | 
Starch exists largely in plants, but more abundantly in some parts 
than others: such as many seeds, particularly of the cereal grains, rice, 
barley, maize, and millet, in which it occurs in great purity; in wheat 
along with gluten; with saccharine matter in oats, and some legu- 
-minous seeds; with a viscid mucilage in potatoes, rye, and Windsor 
beans, and occasionally with an acrid principle, which can generally 
be dissipated by heat, as for example the Jatropha Manihot, which 
yields tapioca, Though seeds and roots yielding starch in abundance 
are all ed under the term farinaceous, there are essential 
differences een them according to the principles with which it is 
associated, which cause them to differ in their digestibility, and con- 
uently in their eligibility and suitableness for different ages and 
individuals. Flour, starch, arrow-root, cassada-flour, or tapioca, salep, 
‘sago, and other similar preparations, are all merely varieties of the 
same principle. Starch is not only highly nutritive, but one of the 
blandest and most wholesome articles of diet, capable, in due propor- 
tion, of being used for the food of tender infants, and not improper at 
any subsequent period of life, though during youth and manhood it 
other principles to be taken along with it. 
and fat, however much unlike in some respects to the other 
principles arranged under this head, are formed out of precisely the 
same constituent elements; and during digestion the stomach brings 
even the most apparently dissimilar into aalegree of relationship more 
intimate than might have been anticipated. The chief difference be- 
tween them and the alimentary substances already mentioned, is in 
their greater proportion of hydrogen. Sugar and starch are both 
vo ad of fermentation, during which a portion of carbon is re- 
from each by combining with oxygen and escaping in the form 
of carbonic acid gas :—from starch in the early stages of fermentation, 
during which a portion of carbon is taken which brings it to the 
state of sugar; from which again a proportion of carbon and of 
_ oxygen is taken, and alcohol produced, the hydrogen remaining un- 
_ diminished in quantity :—and as alcohol is merely an oleaginous body 
_ of a weak kind, the analogy is complete; for all farinaceous and 
saccharine aliments undergo changes in the digestive organs before 
they can be assimilated in the , Similar to what occurs in fer- 
mentation, namely, being converted into oil. Nesp 
Oils are insoluble in water, and therefore, though’ highly nutritive, 
are not available for the support of the y till their immis- 
_ cibility with water has been overcome. Hence they are apt to 
4 the stomach during the early stages of ss if taken 
without being mingled with substances which facilitate their 
union with water. When this is accomplished they are very readily 
_ assimilated, as, according to Dr. Prout, “albuminous and oleaginous 
; Sage may be considered already fitted for the purposes of the 
anil economy without undergoing any essential change in their 
on. 
are either fluid or concrete, and both forms occur in the 
- An gee kingdoms, though in the latter they are most 


Acids are present in many vegetable substances which affect the 
digestive a in various ways, though they may not contribute 
directly to the nourishment of the system. 
_ UL Alimentary principles which do not contain carbon. 
Water is the one of these which it is necessary to notice. This 
essential to the existence of all organised beings in whatever way it 
introduced into their tissues. Not only is it introduced by human 
= in the state of common water, and many beverages of which 
lef part is water, but our ordinary articles of animal food con- 
an average, 75 per cent. of water, and only 25 per cent. 
nutritive matter; and many of our vegetables contain a still larger 


of 


Such are the chief principles employed by man in a state of civili- 
‘sation for his subsistence. But it is not enough that a sufficient 
; tity of one or more of these be swallowed. The function of 

i ion must be called into action to enable the crude materials to 
be assimilated. This is partly excited by the mere presence of a sub- 
ce in the stomach, but more effectually when that substance is in 
of a stimulating quality, or is accompanied by certain accessories 
er added during the preparation of the food or at meal-times. 

accessories are termed condiments, which either make the food 
ore grateful, or exercise a beneficial influence over the stomach during 
the process of digestion. The desire to eat is rarely so great when 
insipid food is offered to an individual as when savoury viands are 
presented. The very odour or aroma of these excites the salivary 
glands to more abundant secretion of saliva, which is a preparation 
for the digestion of the food about to be taken. Though the mere 
plication of heat in the of cooking developes an aroma from 
ny substances which were previously devoid of it, either by altering 


the chemical composition of the material, or by volatilising a prin- 
ciple latent in the substance, yet many adventitious articles are used 
to assist in increasing or modifying this odour, or to correct certain 
qualities in particular kinds of food which are either disagreeable or 
injurious. Respecting the, most common of these a few words may be 
allowed. That condiment which is of most universal requirement and 
utility is salt, or chloride of sodium. It is the only one which is in- 


-dispensable, for not only does it exist in the milk which forms the 


earliest nutriment of the infant, but at all subsequent periods of life 
it is needed. Independently of the part which this compound per- 
forms in the stomach during digestion, it is still further serviceable in 
the blood, and more so in the blood of man than of any other being, 
as Berzelius has remarked that the blood of man contains three times 
more hydrochlorates than that of the ox. Besides, the use of salt 
greatly benefits the alimentary canal and hinders the generation of 
worms. [AnTHELMINtics.] It is one of the most ready means of 
rendering insipid food acceptable to the palate, as is noticed in one of 
the earliest compositions that have come down to us. “Can that 
which is unsavoury be eaten without salt?” (Job vi. 6.) Perhaps 
the next most important condiment is vinegar, which, like most 
vegetable acids, when taken in moderation, greatly assists in pro- 
= the digestion of young meats of a gelatinous kind, such 
as Vi 

Mustard and pepper of different kindsare also useful, and more so 
in warm than cold countries, as they rouse the lapguid stomach, and 
enable it to effect the digestion of the food. Hot pickles, from con- 
taining vinegar at the same time, are often advantageous when used in 
moderation, but the abuse of such articles produces many serious 
effects, particularly obstruction of thé liver, with its long train of dis- 
orders. The use of spices and aromatic agents not only renders the 
food more pleasant but enables the stomach to bear a larger quantity. 
Hence they are too often made the means of leading the gourmand to 
be guilty of excess; and that cook is often most prized who can most 
cunningly minister to the pampered appetite. This is perverting 
cookery, a highly proper and commendable art, from its legitimate end. 
“Yn the hands of an expert cook, alimentary substances are made 
almost entirely to change their nature, their form, consistence, odour, 
savour, chemical composition, &c.; every thing is so modified that it 
is often impossible for the most exquisite sense of taste to recognise 
the suhkstance which makes up the bases of certain dishes. The 
greatest utility of the kitchen consists in making the food agreeable to 
the senses, and rendering it easy of digestion. But its perfection 
seldom stops here: frequently among people advanced in civilisation 
the object to which it aspires is to excite the appetite, to appease 
capricious palates, or to satisfy luxurious vanity. Then, far from 
cookery being a useful art, it becomes a real pestilence, carrying with 
it a train of diseases, and not unfrequently the premature death of 
many of its infatuated votaries,” (Majendie’s ‘Physiology.’) [Mmx; 
Water; Wrne.] 

A few remarks are appended to serve as a guide in the use of food 
and to avoid errors. “Though man is omnivorous, and can subsist 
on either animal or vegetable food—an arrangement which fits him to 
dwell in any part of the habitable globe,—yet he is subject with 
regard to the actual material of his diet, in a remarkable manner, to 
the influence of climate, since a particular kind of aliment, which is 
very appropriate in one country is improper in another; thus, as we 
advance from the equator towards the poles, the necessity for animal 
food, or its equivalent in a highly nitrogenous class of vegetables, 
becomes greater, till, in the very north, it is the sole article of subsist- 
ence, except a few cruciferous plants, especially cochlearia or scurvy- 
grass, abounding in nitrogen. Animal food, from containing nitrogen, 
is more stimulating, and, therefore, less suitable for hot climates, 
where, on the contrary, saccharine, mucilaginous, and starchy materials 
are preferred ; hence, in the zone of the tropics, we find produced in 
abundance, rice, maize, millet, ‘sago, salep, arrow-root, potatoes, bread- 
fruit, banana, and other watery and mucilaginous fruits. Quitting 
this zone, we enter that which produces wheat, and here, where the 
temperature is lower, we find united with the starch of this grain that 
peculiar vegetable principle (gluten) possessing all the properties of animal 
matter, and yielding nitrogen and ammonia by its decomposition. 
Thus, by a gradual and insensible transition, nature furnishes to man 
the food which is most appropriate for him in each region. “In the 
subtropical zone vegetable diet is still preferred, but, in chemical 
composition, the favourite articles approximate animal substances. 
This holds also in the temperate zone, not only in respect of wheat, 
but also in the chesnut, which is almost the sole means of subsistence 
in some of the mountainous regions of France, Italy, and Spain, 
though instead of the gluten of wheat, this seed contains albumen, the 
relation of which to animal food is even closer than that of gluten. 
In reviewing the geographical distribution of the cereal grains, we find 
that starch nearly pure is produced in the greatest abundance in the 
hottest parts of the world, particularly in rice and maize; it becomes 
associated in the subtropical regions with an equivalent for animal 
food; aud in still colder regions, where wheat fails, oats and barley 
take its place. These, though possessed of less gluten than wheat, are, 
nevertheless more heating, and therefore, better calculated for 
northern latitudes. The inhabitants of Scotland and Lapland, with 
their oaten and barley or rye bread, are thus as thoroughly provided 
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with the best food, as the Hindoo with his rice, or the South American 
with his Indian corn or maize,” (Dr. Robert Dickson : partly founded 
on an article by Parent Duchitelet, ‘Aliment,’ in Dictionnaire de 
Y' Industrie.) 

An infringement of the laws deducible from these facts leads to 
serious (often fatal) consequences. Englishmen going to India or other 
hot countries, and continuing the habits of their colder native clime, 
instead of adopting the simpler and more rational diet of the inha- 
bitants, soon induce diseases of a formidable kind. Eating animal 
food, frequently in excessive er and drinking strong brandied 
wines, soon cause affections of the liver. (See ‘A Treatise on the 
Diseases of the Liver,’ by George Hamilton Bell, M.D., late Resident 
Surgeon, Tanjore ; Edin., 1833, p. 17.) On the other hand, feeding 
young children in the cold winters of England on rice to any extent, is 
extremely injurious, leading especially to strumous diseases, particu- 
larly of the eye. 

ere ening the body is the object, and bringing En, a4 
the highest t of health and vigour, a diminution of the fluids in 
use, and avoidifg as far as possible articles of a watery consistence, is 
requisite. A very large proportion of all substances used as food con- 
sists of water, Even lean beef has as much water in its composition 
as the potato and plantain,—that is, 78 per cent. While using such 
articles at the principal meal, or dinner, it can scarcely eyer be neces- 
sary to use fluids or diluents at the same time; yet most persons 
begin that meal with soups, some very maigre, and drench the stomach 
with water, beer, and other liquids, scarcely any of which are proper, 
save in a very restricted quantity. When liquids are useful, they may 
be taken about four hours after the solid meal, whether tea or ine 
drinks, such as soda water or Seltzer water. (See Prout ‘On Diseases 
of the Stomach.’) [ALKaLtEs.] All the most skilful trainers of those 
preparing for athletic feats rigidly enforce attention to this rule, inva- 
riably putting those under their care on what is termed a dry diet. 
Attention to this simple condition will often greatly improve the 
health of valetudinarians. (See ‘ Pedestrianism,’ by Walter Thom, 
with an ‘ Essay on Training,’ by the celebrated Captain Barclay, Aber- 
deen, 1813.) Not only is solid food digested more rapidly than liquid, 
but the good effects are much more permanent. The practice long 
indulged in of giving convalescents from acute diseases only weak broths 
is now mostly abandoned. The articles selected as the basis of these 
broths were also objectionable, being either veal, chicken, or other 
insipid material, and the soup often made palatable by adding spices, 
none of which are proper, save common salt. Young meats abounding 
in gelatin are less digestible, less nourishing, and in every way less 
proper than older meats. For recovering from what are 
termed bilious attacks, and paroxysms of gout, they are decidedly 
hurtful. Besides, by long boiling gelatin undergoes a peculiar change 
[Gexatry, in Nat. Hist. Drv.}, which further unfits it for use, perhaps 
even engendering dangerous products. A well but not overdressed 
mutton-chop, from which all the fat has been removed before cooking, 
is infinitely better. 

White , such as whitings, soles, and flounders are often fit for 
convalescents, being neither too stimulating nor too nutritious, when 
used without butter or rich sauces. Salt alone is proper. In some 
hospitals, such as St. George's, London, a fish diet constitutes a 
part of the diet-table.. When jockeys at Newmarket wish Fs ped to 
reduce their weight, they are never allowed meat, when can be 
obtained. (Paris, ‘ On Diet,’ p. 223, 4th edition, 1829.) The oily and 
red-fibred fish, such as herrings, eels, and salmon, are not so digestible, 


though more nutritious. When patients in hospitals are permitted to, 


choose their own dinner, they almost invariably select stewed eels, an 
indigestible food. The 3g agrees highly nutritive power, not to say 
curative, of cod-liver oil, led to its very extensive use in the treat- 
ment of strumous diseases, especially consumption. Fish, if allowed 
to ferment or putrify, becomes very stimulating, owing to the disen- 
gagement of ammonia. This renders it.at first offensive to the sense of 
smell in those unaccustomed to it. The Zetlanders term such fish 
“ blawn-fish.” They are fit articles of food in cold regions, and are 
used by the Esquimaux. Sir Edward Parry testified to their excellence 
in this state. 

Mushrooms, of which 27 species, native of Great Britain, are escu- 
lent, when properly sy ay might be more extensively used as food, 
both by poor and rich, were their distinctive qualities better studied 
and known. (See Dr. Badham on the ‘ Esculent Fungi of Great 
Britain ;’ and Mrs. H ’s ‘ British Mycology.’) 

FOOD, PRESERVATION OF, [Antiszrtics. 

FOOLS, FEAST OF. This was a festival anciently celebrated in 
different churches and monasteries of Europe and the East, but most 
perhaps in those of France upon New Year's Day, when every kind of 
absurdity, and even indecency, was commii It appears to have 
been in a continuation of the heathen celebration of the Jan 
Kalends. ~Mock popes, cardinals, and bishops, were elected, with 
ludicrous dancing and singing, intended it is said to ridicule exploded 
druidism. The council of Basel in 1435 expressed its detestation of 
this and several other festivals which were then celebrated, and its 
abolition, at least in one district, was ordered by an arrét of the 

liament of Dijon in 1552, The reader who would know more of 
this festival [may consult Du Cange’s ‘ Gl , v. KALEND&,’ and 
Du Tilliot’s ‘Mémoires pour servir 4 I'Histoire ae la Féte des Foux, 


qui se pins autrefois dans plusieurs Eglises,’ 4to., Lausanne et & 

FOOT. [Wetcuts axp Mzasunes.] 

FOOT-BALL, a ball made of a blown bladder cased with leather to 
be kicked by the foot ; used by metonymy for the diversion of driving 
the ball itself. This was an early and favourite sport with the 
English. Fitzstephen mentions it among the games of the Londoners 
in the time of Henry II. Pepys, in his * Memoirs,’ vol. i. I 
1664-5, says, “January 2, to my Lord Brouncker’s by supelatme 
the Piazza, Covent Garden; the street full of SM bee 
great frost.” James I. forbade it to be practised near his as 


; but Addison in the ‘Spectator,’ speaks of a “football 


practised b: in 
many rural districts. AE Dery it was played til very rece period 


by opposing parishes, and not unfrequently 
accidents, 


FORCE, a mechanical term, which though it be prargpoee B 
stood in its common and popular meaning, requires some nm 


the existence of some onuse wlll 


pressure are both forces : again, difference of effects must 
be attributed to difference in the producing 

less velocity, and greater or less pressure, are both attributed to dif- 
ferences in the causes of velocity or pressure. But on the other hand, 
effects which are the same in one po of view may differ in another ; 
thus, bodies of different weights, let fall from the same heights 

the ground, will strike the ground with the same velocities, but 
different degrees of effect upon the substance 


agi 


which 
Again, if a ball be thrown upwards with a velocity a, which i 
to a height 4, it will, when,thrown upwards with twice the veloc 
ascend through four times the height b. Here, then, consi 
respect to one effect, the second force should seem to be twice 
considered with respect to another, the second seems four times 
Such difference of appearance in the numerical quantities of 
effects led at one time to long and warm disputes on the 

of measuring force, all of which a clearer knowledge of mechanics has 
shown to be of very little use. One distinct meaning, with care not 
to assume the consequences of any other meaning us necessarily 
deducible from the first, will enable the mechanical 


F 


if 
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a 
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doctrine of dynamics, or motion. 


It should seem that these two (so called) forces should have different ‘ 


names; but custom has settled otherwise. We proceed to the 
definitions of force, 

In the theory of equilibrium, force is a 
weight is its measure. The notion of force is 


the lower end, find what the weight must be in order to 

same effect. And we then say that the force which the 

is the same as that of the weight. The immediate causes of the 
effect are very different : our own power of volition, and the ctionr 
between the earth and the weight which it draws towards it are (we 
may safely say, with all our ignorance of causes) extremely different 


things; but where they produce the same effect, we cease to think 


of the difference, and say that they both create the same force or 


pressure, 


In the preceding definition of force, time is not one of the elements. 
But we very soon observe that wherever pressure is produced motion 
is prevented. Let the elastic be suddenly cut in two, and the 
hand or the weight immediately descends. It is also proved that 


matter is incapable of producing either rest or motion in itself: if a — 


certain rate of motion be communicated to it, it will preserve that 


motion unaltered till some external cause interferes. On this axiom — 
the notion of force, as causing motion, depends for precision: the 
lt er ation 4 


of velocity is the evidence of the existence of force, : 

When force, in the sense of , is considered as the cause 
of motion, or rather of change of motion, we must take into account 
both the necessity of introducing the element time, and also the quan- 
tity of matter which is moved. No change of velocity can be instan- 
taneously produced ; if a billiard ball, moving 10 feet per second, be 
struck so as to accelerate its motion to 20 feet second, the acces- 
sion of velocity is made gradually though rapidly. A stone which 
has fallen for one second in a vacuum is, at the end of the second, 
moving at the rate of 32 feet per second: let 2 be any number or 


fraction less than 32, and there must be a moment, during the course — 


of the second, at which the stone’s velocity is x feet per second. 
Again, when pressure produces motion, the velocity ina 
ven time is less, the greater the quantity of matter to be moved. 


et different weights, the first double that of the second, be placed on — 
a table (friction not being supposed to exist) and let given equal — 


weights (say each one ounce) attached to them by strings and 
hang over the side of the table: then, supposing the two first weights 
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ical effect. Thus the cause of motion and — 
causes: thus, greater or 


reasoner to esta- 
blish the whole doctrine of statics, or equilibrium : another, the whole 
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‘be 16 and 8 ounces, the pressures are in both cases the same, 

the weight of one ounce; but the masses of matter moved 
are 17 and 9 ounces (for in both cases the moving ounce is part of 
quantity moved). The velocities at the end of any given 
time are found to be inversely as 17 and 9: so that by the. time a 
; 9 feet per second is created in the mass of 17 ounces, 17 
is created in that of 9 ounces. The connection of 

, velocity created by pressure, and time which pressure takes 
i velocity, as deduced from experiment, is contained in the 
results :— 


same pressure continually acting upon a given mass for 
different times produces velocities which are proportional to the times, 
and its velocity by equal portions in equal times. 

2. Destuntairs apelied <s.diliwenk masbie' of icattee (that is, 
to different weights of matter) during the same time, produces velocities 
which are inversely proportional to those masses. 

3. The velocity of falling bodies is accelerated by 32°19 feet in every 
second : and in that proportion for all other times. 

‘Tf then a pressure which is the same as that of a weight v produces 

jon in a mass of matter whose weight is w, during ¢ seconds, then 

because the weight of v acting upon the mass of v for that time would 
produce 32°19 x t feet of velocity, we have : 

Velocity produced by v acting on v (or 32°19 x t), 

is to ity produced by v acting on w (which is to be found), 

inversely as v to w, or as Ww to v: whence 


velocity acquired is ~ x 32°19 ¢ feet per second. 


If it were required to reduce the weight w, having a velocity v, to a 
state of rest in a given time, say ¢ seconds, and if Pp were the pressure 
requisite to be applied to w during the ¢ seconds to produce this effect, 
“we must remember that the ere are by a pressure in any 
direction is the same as would have n created in the same time in 
the opposite direction, if the mass in question had been already at rest. 
Thus, 


wv 


32°19 ¢ 


Hence, in different masses, the necessary to destroy the 
motions in the same given time are as the products of the masses and 
velocities. Thus, 

The which will in one-hundredth of a second reduce to rest 
a mass of 10 ounces moving 100 feet per second, is to the pressure 
which will (also in one-hundredth of a second) reduce to rest 20 ounces 

85 feet per second, as 10 x 100 to 20 x 85, or as 1000 to 1700, 


= x 8219 x must be = v or P= 


in the same way, the force that is exerted upon the 
in motive effect (upon the feather) as that which 
jpon the ball). It is customary to ascertain the- 
y which would be produced in one second if the 
acceleration, such as it is at the point in question, continued uniformly. 
ERATION.] And this result is called the accelerating force: for 
w the simple term acceleration po 3 be advantageously substituted. 
— It is found the rules of the differential calculus in the following 
manner (for the demonstration, see VeLociry). If a point move in a 
line in such a manner that feet is its distance from a given point in 
the line at the end of the time ¢ seconds, and if x be a function of ¢, 
then the velocity of the body (v) at the end of the time ¢ is = feet 
per second, and the acceleration which that velocity is then undergoi: 
$s such as,if allowed to continue uniformly for one second, sronkt 
Increase the velocity by 4% or © foot, ‘Thus, if 2= +0, or if a 


ari 


be this force, we have then 
dz dv Px 
3 © = 743 f= 3 = Gai vdv=fduxz. 
These are called the equations of motion. 


unit of time might be chosen instead of one second, but not 
y the following caution. Letg be the velocity generated by a force 
: uniformly for one second ; then 60 g is the velocity produced in 
or in one minute, If then we measure the acceleration by 
unit is one second, it might seem that we should use 60 g 
g, when the unit is one minute. But it must be remem- 
 bered that when we use the minute as a unit of time, we must measure 


velocities by the which would be described in one minute, 
Sie sud peeling, 607. mneens that the body, at 159 ead of ome 
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minute, is moving at the rate of 60 g per second ; that is at the rate of 
60 x 60x g per minute. Hence 3600 g is the measure of the accelera- 
tion, when both velocity and acceleration are referred to the minute 
instead of the second. 

Referring to what precedes, we see that accelerating forces (or 
accelerations) are proportional inversely to the masses in which they 
are produced, and directly to the pressures which produced them. 


Thus the pressure v acting on the weight w, produces = x 82°19 feet 


of velocity in every second. 

The greatest diftculty in the way of the beginner is his liability to 
confound an increase of velocity with an increase of length described. 
He should carefully attend to the article AccELERATION, by which he 
will see that a velocity uniformly increasing causes unequal spaces to be 
described in equal successive portions of time’; while a wniformly 
increasing length described means a uniform velocity, or a velocity 
which does not change at all. 

FORCES, IMPRESSED AND EFFECTIVE. When various pres- 
sures act at different points of a system, the forces which act upon any 
one point are not those which would, by themselves, produce the motion 
which that point really has, in consequence of the motion of the system. 
Thus, suppose a pendulum with two balls, one above and the other 
(which we suppose to be much the heavier) below the point of suspen- 
sion. The forces which act on the upper ball would, if it were free of 
the larger one, cause it to descend; while, in consequence of the 
connection of the two balls, the smaller actually does vibrate like a 
pendulum turned upside down, or as if its gravitating tendency were 
upwards instead of downwards. Here is an instance in which the 
impressed force acts downwards and the effective force upwards; that 
is, the motion which actually ensues is such as would require a force 
acting upwards to cause it. 

One of the most important principles in dynamics is that known by 
the name of D’Alembert, and is enunciated thus: the impressed forces 
are altogether equivalent to the effective forces, or if the directions of 
the latter were all changed, the former would equilibrate them. 
ctr ae an infinitely small portion of time to elapse, during which the 

ifferent small masses into which the system may be divided receive 
certain infinitely small accelerations or retardations. From these the 
effective forces may be deduced, for they are the forces which would 
severally produce the actual changes of velocity which take place. If 
then, forces equal and contrary-to the effective forces thus deduced 
were applied at each point, all the motion created by the impressed 
forces would be destroyed; that is, the effective forces are such as 
would (applied in contrary directions) prevent the impressed forces 
from producing any motion. This proof might be put into more 
accurate language, but it is in substance’ the one which is usally 
given. [Virrvat VeLoorrtss.] 

FORCES, PARALLELOGRAM OF. Any two forces acting a the 
same point, and represented in magnitude and direction by two straight 
lines, are equivalent to a third force which is represented in magnitude * 
and direction by the diagonal of the parallelogram constructed with the 
two lines as its sides. [Composrrion.] This theorem is frequently 
called that of the parallelogram of forces. 

FORCES, PHYSICAL CORRELATION OF, [Paystoat Forczs.] 

FORCING, in horticulture, is the art of hastening the growth and 
maturity of flowers, fruits, and vegetables by artificial means. 

Many of our finest exotic fruits are indigenous to warmer countries, 
and would scarcely ripen even in our warmest seasons; but by this 
art they are brought to great perfection in cold climates, and by 
advancing or retarding artificially the growing season of hardy kinds 
- also can be had in regular succession throughout the greater part 
of the year. 

Although forcing to any extent is but of recent date in England, 
yet it appears to have been practised in other countries at a very early 
period of time. Sir Joseph Banks, in the ‘ Hort. Trans., cites some 

igrams from Martial, to show that hothouses were not unknown to 
the Romans, and arrives at the conclusion that in all probability they 
had both vineries and peach-houses, formed of tale instead of glass, 
which is now commonly used. Pliny tells us that Tiberius, who was 
fond of cucumbers, had. them in his garden throughout the year by 
means of (specularia) stoves, where they were grown in boxes, wheeled 
out in fine weather, and replaced in the night or in cold weather (Plin. 
‘ Hist. Nat.,’ xix. 28); whence it may be inferred that forcing houses 
were not unknown to the Romans, though they do not appear to have 
been in general use. This branch of horticulture was almost unknown 
in Britain until the end of the 17th or beginning of the 18th century, 
and Lady Mary Wortley Montagu, on her journey to Constantinople in 
the year 1716, remarks the circumstance of pineapples being served up 
in the dessert at the electoral table at Hanover, as a thing she had 
never before seen or heard of. Sir Joseph Banks justly remarks, had 

ines been then grown in England, her ladyship, who moved in the 
highest circles, could not have been ignorant of the fact. They were 
however certainly grown at Hampton Court in the reign of Charles IT. 
It is said that the discovery of peach-forcing in Holland arose from an 
old Dutch gardener having, in a bad season when his peaches would 
not ripen, accidentally placed the sashes of a hotbed over them, which 
had the effect of ripening them. Even after forcing was practised to 
a considerable extent, its principles were so little understood, that 
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when exposed to the genial influence of the sun’s 


te her as far as possible ; first, by taking care that forced 
all the light that can be collected; and, 
a due proportion between the quantity of heat and li 
which forced plants are exposed; in other pppoe J not 
hard at a season when the sun's rays are least powerful, th 
opposition to the laws of nature. Attention to 
cornerstone of the whole process. When early crops are 
desirable than high-flavoured fruit, gardeners are obliged to 
Without reference to the intensity of light; but if this is 
shieet, forcing should never be commenced before the spring, i 
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oigert ‘or to 
. Knight, president of the London Horticultural Society, re- 
ee gl ang Re argent = ight than 


barn as he would wish to be treated himself, and 


fe rtp be, its temperature during the night. relatively to that of 
ocho pe oan high.” In one of his vineries he always 
wished the temperature in the middle of a bright day in summer to 
rise to 90°,ind when the leaves of his plants were quite dry, he did 
not object to 10 or 15° higher. But he most justly adds, that if this 
is accompanied by a. high temperature at night, “it exhausts the 
excitability of the tree much more rapidly than it promotes its growth 
or accelerates the maturity of the fruit, which is in consequence ill 
supplied with nutriment at the period of its ripening, when most 
putriment is probably wanted.” 

he same experienced author recommended the plants for forcing to 
be rendered, by previous treatment, as excitable as possible, which may 
| anaes by ripening the wood early in autumn, and putting the tree 

astate of repose, ready to be roused into action by the applica- 
tion of heat. ‘ 


It appears to bea general rule that plants from warm countries 
endure with impunity a very high degree of temperature, while those 
of more temperate regions are impatient of artificial heat, and hence 
the difficulty of forcing the plants of northern climates; for example, 
the same degree of heat in which vines flourish would be much too 
high for cherries, which throw off their blossoms after ex ion 
Without setting their fruit. The reason of this seems to the 
following: each plant is adapted to the peculiar circumstances in 
which it is naturally placed ; the natives of warm climates are formed 
to endure heat, and those of higher latitudes to suffer cold; and when 
these circumstances are reversed, those of cold countries being placed 
in excessive heat, and those of warm regions in unusual cold, the 
former are excited by far too much and too rapidly, so that flowers 
and fruit are developed before the leaves have had time to organise 
matter to support them ; and the latter, if they endure the cold, are 
not excited, and remain in a languishing unhealthy state. These 
reasons will at once show the extreme caution which is necessary in 
forcing the fruits of northern climates, and will at the same time 
suggest the treatment that plants of such a description require, and 
which both reason and experience agree in recommending to those who 
would be at oh woseenese ie ss pe § the increase of tem- 
perature must ow and gradual, never at its highest point 
mae 60° or 65° of Fahr. with artificial heat; air must be freely 

troduced, particularly in fine bright weather, and the house so con- 
structed as to admit of the greatest ible quantity of light, as for 
instance by having moveable sashes w can be taken off and put on 


at peeeere. 

he Dutch have long been celebrated as excellent forcing gardeners, 
and as their manner of performing the operation is peculiar, a descrip- 
tion of it may be interesting. The principal feature in their m is 
conducting the operation chiefly in frames, and pits heated with 
fermenting dung. The trees employed in forcing are generally taken 
from a wall in the open air, planted in a rich border of leaf mould, and 
trained to a trellis a few inches below the glass; here they remain 
until they have ripened their fruit, after which they are moved back to 
the wall until wanted for the same purpose in some succeeding year ; 
they never force from the same plant two years in succession, eir 
system of employing dung instead of fire heat gives them an excellent 
opportunity of forcing vegetables, such as ch beans, endive, 
lettuce, &c., which are either placed on, or plunged in, the bed in the 
inside of the frame. 

Although pit and frame forcing is a principal feature in the 
horticulture of Holland, yet they have now, as well as in this country, 
more elevated structures. 

The Dutch plan of forcing has been practised to a considerable 
extent in gardens in Britain, particularly in that of P, 0, Labouchere, 


Hylands, near Chelmsford, of which a 


is in 
the ‘Gardener's Magazine,’ ite 


full account 
and another 


Phen ftincrmidogaphgpes2 Bsco are alway 
are temporary as to season permanen 
others they frequently change their situation. Rivers 
are steep and course straight are rarely fordable, for in such 
is generally too deep or too rapid to admit of fording, 

streams issuing from springs in flat countries are 


& 


and ¢ ble fords. 
—* is pores — when a river once formed its bed 
soil of a certain ) ity it seldom its 
that its Mellie ea. doy earns remain rg if 
|i grea Be forded, n 
impracticable. This rise 
pranhay rhesr as ge scents Pagrce:s: the size of 
i , tow two circumstances the river ey ee 
If the basin be large and subject +0 Sreqinah cole the will 
quently be rendered impassable ; if the rains are of long duration, 
of the ford will be interrupted for a time 

The channel however remaining permanent the may 
pono 0 200 6 Se ee ee Such f pee: 

era ong ore were constructed, as 
Rordlicn from a distance prea Ren lt the ford impassable on 
ercivings heviplcios for their temporary reception were on 
the Such has been the beginning of many towns whose 
still oqrmmamnorate their origin, ax Chetmaturd, Bodine, Oatand, 

Such rivers as flow through @ loose soil, as sand or 
generally a very winding course and are constan’ 


vel, 
win 
channel, that is, the deep part (which the Germans call the ) 
their bed. These rivers though they present the greatest number 
fords are constantly varying the situation of them, so that they are not 
only temporary as to season but also as The rains 
creasing the mass of water increase the 
current, by which the bed is 
manner, also 


In the case of torrent rivers, such as those of Italy, 
common, but they are subject to be rendered 
shifted, the waters rising with frightful rapidity to a 
acquiring amazing force. They however soon subside, and, 
have deepened the channel, cause no other inconyenience 
ig yo ay f th 

n itary operations fords are of the im 
inhabitants on borders of a river pert 9, cl tome 
but as their indications cannot always be relied upon, i 
an enemy's country, the fords must be looked for, Th 
found either in the widest part of the river, or in the di 
diagonal line that joins the salient angle of one side to the salient angle 
of the other side, as A B or OD, 


A 


Bb 


In the first case the waters out in the wider part of the bed 
of the river, and are therefore less deep; and in the second, there is 
always a deposit in front of the salient angles (as indicated by the 
dotted lines) and consequently the water is more shallow in those 


Fords for infantry should not exceed the depth of three feet, and 
for cavalry that of four feet. These are the extreme depths, and if 
the current be somewhat rapid it is dangerous to risk fording Cres 
more than two feet water for infantry and three for cavalry. T 
bottom must also be firm and even. Mud, weeds, or blocks of stone 
are great obstacles—loose sand is also bad as a ford for 
for, being stirred up from the bottom the horses, it is 
away by the stream, and the ford thus so deep that 


mes 
last horses in such case are frequently forced to 
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Opposite bank must also be easily accessible and clear, for it is uséless 
___ to cross a river when, on gaining the opposite ae, further pro- 
gress is impeded by rocks or impassable forests, thick brushwood, or 
swampy r aving discovered a ford, it is indispensable to mark 
] eeu, ant if some time should have elapsed previous to con- 
ducting the troops to it, the ford should be exatnined in order 


, but these belong to a different subject. 
Morrtcace.] 
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, 48 perspective has been defined to be the art of foreshortenin, 
may be explained as linear pi ive applied 
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required in delineating the human figure ; 
, it occurs more or less in the figures of 
animals, their forms being more compounded and their 
izontally. An example of foreshortening may there- 
be obtained by standing either in front or behind a 
hind or fore-legs, as the case may be, will be nearly 
those towards the eye, and the back of the animal or its 
Se a! visible. In sculpture, unless it be in reliefs, the 
the limbs depends entirely upon the station chosen 
oo spectator himself; whereas in painting it depends upon that 
Band by the painter for him; and several fine examples of it occur 
the works of Michel Angelo, Correggio, and Rubens. 
an extensive tract of ground overgrown with trees alone, 
underwood, 


interesting in themselves, but are of 


Ww 8 their influence in the 
ad me ply Peer ghee tat fa A heey 


nutritious, 
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to seek the inhabited country. 
a view of the forests which cover such immense tracts of 
_ the earth’s surface, the first thing which strikes us is their variety. In 
‘one place they are composed of palms, in another of oaks, an else- 
I i birch trees, &e. We are next surprised at the 

Q y of situation in which we find collected together 

s of the same kind ; palms in America, in Africa, and in Asia; oaks 

d pines in Russia and Mexico, in plains and on mountain tops. A 
le consideration, however, will satisfactorily account for this, Trees 
like other vegetables, require, according to their several natures, and 
independent of suitable soils, different modifications of heat, light, 
and moisture,* circumstances which, so far from being influenced by 
latitude alone, are much more dependent upon height above the level of 
the sea, the vicinity of the sea, and other circumstances, than upon 
ity to or distance from the equator. Hence, not only do we find 

trees associated in those regions which are most con- 

elo} , but as we find regions of similar 

in different parts of the world, so do we find them V gory a 
a zone has 
also, but at different heights 
of what are termed the temperate and frigid 


zones. It is, however, remarkable and not easily accounted for, that, 
although the same trees seem to require similar climates, these 
climates do not always give birth to the same kind of plants. The 
greater part of our European forest trees, even the hardiest, disappear 
towards the Tobol and the Irtish. They do not grow in Siberiz 
though the climate is the same. The oak, the hazel, and the wild- 
apple are not found from the Tobol to Da-uria, although the two firs 
appear bare suddenly on the borders of the Argoun and the Ave, 
the is aeeii ‘ound in the Aleiitian islands. : 

According to Humboldt, whether we ascend from the plain of 
Oratava to the top of the Peak of Teneriffe, or from the shores of the 
Pacific to the summit of the Mexican Andes, wé find different zones 
of vegetation, in which the succession of forest-trees follows, generally, 
the samé order that is observed in passing over the surface of the 
earth from the equator towards the poles. iond, also, in the 
Pyrenees, and Tournefort on Mount Ararat, found in ascending these 
mountains, the Same succession of trees a8 exists in passing from their. 
py tied latitudes towards the frozen regions. From this fact it has 

rather rashly concluded, that certain heights correspond in th 
nature of their vegetation with certain latitudes: this, however, is nd 
strictly the case, nor is the succession we have mentioned abeolutely 
that observed in proceeding from the equator northward. The ex- 
treme heights at which certain forest-trees vegetate in the Andes are 
different from those at which similar trees are found in the Pyrenees, 
and while the birch is nearest the snow in Lapland it is succeeded in 
the Alps by the pine. These variations are explained by a difference 
in some of the elements of local climate, and by the probable fact of 
particular primitive distribution. It is also remarkable that in some 
cases forests are composed solely of some Pgh oi! tree. Thus, in 
Lapland there are extensive forests of birch without a single tree of 
any other kind, and without underwood, In Mazovia also are exten- 
sive forests of nothing but birch. In Norway, Sweden, and Finland 
many forests consist exclusively of pine. Asia has whole woods of 
nothing but cocoa-nut, &c. ‘ 

It has resulted from the investigations of M, Alphonse de Candolle, 
in geographical and geological botany, as modified by those of the late 
Professor Arthur Henfrey, of Kitig’s College, London, that ligrieous 
plants established themselves in northern and temperate countries, 
at an epoch when the climate must have been more humid and mor 
cloudy than it is at present. The destruction of forests to clear lan 
for cultivation, changes the whole face of vegetation, and even to some 
extent (as remarkably exemplified in cog age the local climate, 
Instances of this kind might be furnished from almost, every part of 
the globe, At the present time, regions in, the South of Europe, 
North Africa, the Canaries, the Southern: United States of North 
America, and élséwhere, once cleared and exposed to the influence o 
the sun, do not become clothed again by forests such as they posse 
formerly. North Europe was clothed in early times of the histori 
period, forming the later part of the present geological period of the 
earth’s history, with dense forests, long since cleared away to give 

lace to cultivated plants, and a multitude of wild plants suited to ar 
A ferent conditions of the soil; in like manner as the forests of No 
America are disappearing by degrees under the d of man. The 
change is not merely one kept up by a continual effort of cultivation ; 
the original vegetation does not always re-establish itself even when 
the region is deserted. New kinds of, plants spread over the cleared 
und, and new animal inhabitants come to check the efforts of the 
old forests to renew themselves. Coniferous and amentaceous plants, 
which form the chief constituents of forests in these regions, are 
phanerogamia of low organisation ; and this fact leads to a conclusion 
of great interest in the history of plants, and perhaps of organic beings 
generally, The probable antiquity of the groups just named, judging 
from their occurrence in masses in certain countries, confirms, accord- 
ing to the eminent botanists whose views we are citing, the opinion that 
existing species are of unequal antiquity, and that the older species are 
of lower type. , 

Our European forests, generally considered, are composed of oak, 
elm, ash, beech, alder, poplar, willow, plane, birch, and lime, together 
with interspersed wild-apple, pear, and che -trees, dogwood, haw- 
thorn, and service-tree ; the underwood being el, elder; buckthorn, 
viburnam, dog-rose, &. Yew and holly are the evergreens of our 
woods, and of coniferous trees we haye the larch, different species of 
the pine and fir, the cypress, and the juniper. 

orests of Great Britain and Ireland,—The British isles, like other 
countries of Europe, were in former times much more abundantly 
covered with timber than they are at present. The increase of popula- 
tion tends to the destruction of forests by causing a demand for the 
productions of arable land; and this, together with the prodigal 
expenditure of wood, when it is abundant, and the general and long- 
continued neglect of any measures tending to ensure a constant supply; 
have been the chief causes of the great diminution of wood. But 
though we have now hardly any forests of considerable extent, there 
are perhaps few countries over which timber is more equally dis- 
tributed, that is, in those counties where the soil and aspect are 
favourable to its growth. Woods of small extent, coppices, clumps, 
and clusters of trees are very generally distributed over the face of the 
country, which, together with the timber scattered in the hedge-rows, 
constitute a mass of wood of no inconsiderable importance, 
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In Herefordshire, Warwickshire, Northamptonshire, and Stafford- 
shire is abundance of fine oak and elm woods. In Buckinghamshire 
there is a quantity of birch and oak, and also fine beech. Sussex, once 
celebrated for the extent and quality of its oak forests, has yet some 
good timber; at present its woodlands, including coppice-wood, occupy 
175,000 acres. x, with 50,000 acres of woodland, has some elms 
and oaks. Surrey, Hertfordshire, and Derbyshire abound in coppice- 
woods. In Worcestershire is abundance of oak and elm. In Oxford- 
shire there are the forests of Whichwood and Stokenchurch, chiefly of 
beech, with some oak, ash, birch, and aspen. Berkshire contains a part 
of Windsor forest ; and Gloucestershire, the forest of Dean; so that 
these three last counties are extensively wooded, and with noble trees. 
Cheshire has few woods of any extent, but the hedge-row timber and 
coppices are in such abundance as to give the whole country, especially 
ion seen from an elevation, the ap ce of a vast forest. Of the 
remaining counties, some have very little wood, and a few are altogether 
without ; but the want and value of timber have given rise to a great 
many flourishing plantations. Of late years the flanks of the Cum- 
brian mountains, the sides of the fells, and the borders of the lakes, in 
Cumberland, Westmoreland, and Lancashire, have been extensiv 
planted, chiefly with Scotch fir and larch. In Wales also, there is 
rage for planting. In South Wales alone six millions of trees, it is 
said, are annually planted; if that is the case, nine-tenths of the 
number must come to nothing, or the whole country would be one 
entire forest. 

Scotland has few forests of large timber, if we except the woods of 
Inverness-shire and Aberdeenshire. In the former of these counties 
the natural pine-woods exceed the quantity of this wood growing 
naturally in all the rest of Britain. In Strathspey alone there are 
15,000 acres of natural firs; and in other parts the woods are reckoned 

miles, not by acres; there are also oak woods, and extensive tracts 
of birch. In Aberdeenshire, in the higher divisions of Mar, there are 
100 square miles of wood and plantations. The pines of Braemar are 
magnificent in size, and are of the finest quality. Argyleshire, Dum- 
bartonsbire, and Stirlingshire have many thousands of acres of coppice- 
wood, and, with a very few exceptions, the remaining counties have 
many, and some very extensive plantations. 

Treland has every appearance of having been once covered with wood, 
but at the present day timber is exceedingly scarce in that country, 
there being no woods, if we except a portion along the sea-coast of 
Wicklow, the borders of the lake Gilly, in Sligo, some remains of an 
ancient forest in Galway, and some small woods round Lough Lene, in 
the county of Kerry. The lakes of Westmeath have also sume wooded 
islands. There are extensive plantations in Waterford, and a few 
natural woods, of small extent, in Cavan and Down; but Fermanagh is 
the best wooded part of Ireland. The want of wood however in this 
country, as far as it is employed for fuel, is little felt, in consequence 
of its extensive bogs, which furnish an almost inexhaustible quantity 
of peat. 

Epon the whole then, though Great Britain and Ireland do not now 

any extensive forests, still there is a considerable quantity of 
timber, and the extent of new plantations seems to promise that we 
shall never be wholly destitute of so essential an article as wood. 
According to M‘Culloch, there is annually cut down in Great Britain 
and Ireland timber to the value of 2,000,000/. 

If from our own country we pass over to the continent of Europe, 
.we shall find forests of much greater extent, particularly in the 
north-east. 

Norway.—In the southern part of this country the mountains are 
covered with wood; birch, maple, pine, and fir, forming immense 
forests ; the fir, sometimes attaining a height of 160 feet, is in great 
estimation for masts and building timber: in the regions of moderate 
elevation are aspens. The good lands have some fine forests of oak, 
which extend as far as Drontheim, in 63° north latitude. The forests 
of Sweden are similar to those of Norway. In the damp places there 
grows in abundance the almond-leaved willow (Salix amygdalina). 

Denmark,—Of this country it may be remarked that Jutland, once 
covered with thick forests, has now only a few long slips on its eastern 
side. Holstein has very little wood. The island of Funen has some 
small woods, as also Sealand,in that part of it which borders on the 
Sound. Falstar is well wooded, and Bornholm has a good deal of birch. 
In all, Denmark possesses about 130 square leagues of wood, chiefly 
birch ; there is also ash, alder, and oak, but pine aud fir are scarce. 

Holland possesses timber, though not in very great quantity, generally 
speaking; what there is, consists of beech, fir, poplar, and ash ; willow 
grows along the canals, ayd the coppices are of maple, ash, hornbeam, 
birch, and beech, with a slight portion of oak-bushes. In Guelderland 
there are plantations of many miles in extent of fir and Weymouth 

ines, and many hundred acres have been sown with acorns, At 

hhenen there are thick woods, as also at Arnheim; and many plan- 
tations have been formed on the upper Yasel of fir, pine, oak, beech, 
and birch. 

Germany is 80 well-wooded that the forests are estimated to cover 
about one-third of the whole surface, though some consider this 
estimate too large. In Hanvver are some fine groves, and a quantity 
of limes and willows planted in rows. This kingdom also includes 
about three-fifths of the Harz forest. In Westphalia there are very 
extensive forests, one in particular, in the neighbourhood of Osnabriick, 
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has about a million of acres of wood, and 

amply furnished with it. Prussia  aggeoes: 
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been so long neglected, that wood is comparatively 
The Hungarian states have, towards the north and $C 
in Transylvania, some very extensive forests: that of Bakony, the 
most considerable in the country, is full of the finest oaks. The plains 
are in general bare of wood, but the ians are covered 
dwarf pine (Pinus pumilio). The whole country contains 
millions of acres of forest. The 7'yrol abounds in timber, of which a 
quantity is exported to Venice. 

Switzerland is abundantly wooded, particularly with the 
trees. Oaks are found occupying a region which rises to the hi 
2800 feet above the sea, beyond which, and to the height of 4 
there are beech woods; the firs are found at the height of 5500 feet. 

France has many fine forests, — hardly sufficient 
sumption of a country where wood is the chief combustible (and 
is as such in the interest of the forest i 
detriment of the extraction of mineral fuel), and where the 
the arts and general civilisation create a constant demand for 
timber and wood of every kind. The oe, of climate and 
in that country are however favourable to the growth of all 
European and many exotic trees ; the oak, the birch, the elm, the 
and the beech, are abundant; the elder grows in the dansp Dee 
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the mountains are clothed with pines and fir. The w are pretty 
generally distributed over the country; and of the 86 

into which the country is divided, there are 24, in each of w there 
are from 100,000 to 200,000 acres of wood, a dozen more containing 
from 200,000 to 300,000 acres, 6 having from 300,000 to 400,000 acres, 
and 3 which reckon each above 400,000 acres. The ent of 


Dordogne alone contains upwards of 1,000,000 acres of wood. In all 
France there is reckoned about 21,000,000 of acres of woods and 
forests; of which about one-seventh, consisting of 1473 different 
forests, belong to the state. 

Italy, the geographical position and local peculiarities of which are 
favourable in a high degree to vegetation of every kind, is not par- 
ticularly rich in forest trees. There is at Ravenna an extensive forest 
of the stone pine (Pinus pinea). The Apennines also haye their por- 
tion of coniferous trees, and are in some places covered to the top 
with luxuriant forests of chestnut-trees. fertile basin of the Po 
abounds in mp opt of olive, bert fig, and almond-trees, while 
the pyramidal poplar forms a contrast by its tapering form with the 
flattened and branchy head of the stone pine; and the same 
said of other parts of Italy. In Sicily the forests have long since 
exhausted, and wood is extremely rare in that island. But in Sardinia 
one-fifth of the surface is covered with ancient- forests of oak, ami 
which is the cork oak (Quercus suber), the common oak (Q. robur), 
the evergreen oak (Q. ler). 

Spain and Portugal are deficient in wood, both as regards quantity 
and nae A The peninsula however is not unfavourable to the 
growth of timber ; in the time of the Moors, the southern provinces 
in particular possessed some noble forests, but ope have long since 
been devastated; and although since the time of Philip IL. there has 
existed an excellent code of forest laws, they are altogether disregarded 
or evaded. Nevertheless there are still some forests in Spain; thus 
between the two Bagnéres, in the Spanish valley of Aran, and on both 
sides of the western , there are forests of the silver fir; and 
on the south side of mountains, east of Benasque, as also near 
Mont Pedru, and on the hills surrounding Andorra, are woods of the 
Pinus uncinata ; and in the neighbourhood of Campo, in Upper Ara- 
gon, are forests of the Pinus pyrenaica, or, to some, the 
P. Larichio, or Corsican pine. On the Sierra de Cuenga, the Sierra de 
Segura, the Nevada, and the Serrania de Ronda, are some tracts of 
different kinds of pine, as the P, Hispanica, or Spanish pine (P. hale- 
pensis). The Aleppo pine grows in considerable quantities in Catalonia, 
aud in the western part of Andalusia is a forest of the stone pine. 
The principal forest of Spain however is that of St. Ildefonso, which is 
chiefly of the Scotch pine (P. sylvestris). In the maritime part of the 
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is nothing but the miserable pin des landes, 


> beech. In Estremadura there are forests 
the evergreen oak, which produce the sweet or edible acorn; Cata- 
lonia, Valencia, and the environs of Seville, produce the cork-tree 
Q. suber). This tree, which was formerly abundant in Andalusia, is 
sedi pe x iewrd to extinction. Many parts however of the Castiles, 
usia, and ura, are without wood ; and although 


5 ine, and in Wallachia there are whole forests 
a faricclarly plum, apple, pear, cherry, and apricot. On 
the southern side of the chain the forests are particularly varied. 
Different kinds of pine and fir, oak, maple, sycamore, walnut, chestnut, 
and beech, are found in succession on the several terraces, while on 
the mountains themselves forests of oak, elm, and lime, abound. The 
_ Morea produces the cork tree, the Kermes oak, the Valona oak, of 
_ which the acorns are eaten, the plane, the wild olive, the sweet chest- 
nut, the manna ash, pine, firs, and the larch, the barren date tree, the 
silk tree, &c., and a variety of plants used in the arts, and in pharmacy. 
Russia.—Of all the countries of Europe, Russia is the most abundantly 
; i with timber; and her forests would be an almost inex- 
ible source of wealth, if it were possible for the government 
effectually to protect them from destruction. In 1802 regulations for 
the of the forests were established, but such is their 
extent and that of the country, that it is next to impossible wholly to 


would seem to be considerably below the truth, it being certain that 
the governments alone of Wologda, Archangel, and 
lonetz, there are 216,000,000 of acres of forest trees, chiefly pine and 
i , fir, and limes, are the common forest trees of Euro- 

ia. The first is the most abundant as far as the 55th parallel, 
which there are still found vast forests of pine and fir. The 

and Twer are covered with wood; the Vol- 


of these immense tracts of wood are impenetrable, and harbour 
ities of bears, wolves, and other savage beasts, while others 
& in deer and game of all kinds. In Esthonia, Livonia, and 
-Courland, there are fine forests of pine, fir, and birch, the latter pre- 
_ dominating in the moist places; alder, ash, elm, and plane, are found 

iu the soils, but oak is in general scarce. In Courland lime is 
abundant, but beech is rare; there are willows of several varieties. 
F it may be observed that, in Russia, the pine, fir, and other 
z trees, are found as far north as 57°; birch, aspen, and 
forests of lime, as far as 54° or 55°; oak, rare in the central 
f prospers towards 51° or 52°, but in the valley of the Volga 
are fine and abundant at 55°. In the same region where the oak 
the Russian maple (Acer tartaricum) is in abundance, as also 
_ white ee and hornbeam. In the central provinces beech hardly 

reaches Smolensk, and does not pass beyond Little Russia. In some 


v province harbour bears, elks, &c., and in the 
celebrated forest of Bielovieje is found the aurochs, a species of wild 
TEeesiy sting 
generally speaking, is covered with magnificent forests; in 
Mazovia particularly there are some very fine woods. The different 
varieties of the are found in the sandy places, and on the moun- 
tains are fir and Oak succeeds well in good soil. In addition 
__ to these trees Poland also possesses larch, lime, elm, and ash. In the 
_ Buckowine are forests of beech, intermixed with fir and birch woods. 
_. It appears then, that the of civilisation and 
_ inerease of population have i ed the forests which at 
one time covered great part of , there is still an immense 
qu of wood, and the keeping up a constant supply 
f now very generally acknow! there is reason to hope that 
EI she eonteary, th foling 2¢ touiaspat ence of one ods 
t, on the con , the fe of ti cutting of copse woods 
will be properly regulated, and fresh plantations made to replace the 
wodd diponed. Ne 


We will now take a hasty glance over other parts of the world. 
Asia.—In the Caucasus we find that on the western, eastern, and 
_ southern slopes of this chain, there are forests of cedar, cypress, 


only is cultivated ; but in Galicia and in Catalonia | and 


juniper, beech, and oak, and on the edges of these, quinces, wild apple, 
pear trees; while the warm and sheltered valleys produce the 
almond, the peach, and the fig. On the borders of the Caspian there 
are woods of olive, plane, and laurel. : 

In Asia Minor, Mount Taurus is covered with forests of cypress, 
juniper, and savines. The gall-nut oak grows from the Bosphorus to 
Syria, and the Persian frontier; oaks and fir abound in the forests 
along the Black Sea. There are also in different parts woods composed 
exclusively of fruit-trees. Syria, to a vegetation greatly similar, adds 
the sycamore and palm trees. 

Arabia has no forests, properly speaking. The oases, however, con- 
tain groves of date palms, tamarinds, and different fruit trees, In 
Hejaz the date palm is abundant. 

Persia.—In Mekran there are forests of the Indian palm, intermixed 
with the odoriferous shrubs of Arabia Felix. In the valley of Shiraz 
we find only clumps of plane trees, weeping willows, and poplars; but 
the mountains which border the Caspian are covered with oak, lime, 
acacia, and chestnut: and higher up cedar, cypress, and other pines, 
with the sumach and the mountain-ash. Ghilan abounds in boxwood, 
and on the south-east of the Caspian there is great abundance of oak, 
but no pine. 

Siberia is too cold for the oak, the hazel, the alder, the plane, and 
the wild apple; even the ash ceases towards the Irtish; and the fir, 
which in Norway grows as far as 70°, stops in Siberia at 60°, while the 
silver fir goes no further than 58°. The great steppes of this country 
are nevertheless bounded by thick forests of birch, willow, elm, 
Tartarian maple, black and white poplar, aspen, and a great variety of 
firs, among others the Siberian cedar, which sometimes attains a height 
of 120 feet, and is particularly fine on the banks of the Yenesei. The 
country between this river and the Baikal is well wooded. At Tobolsk 
are fine woods of birch, and of the pitch pine. Berezoff has also forests 
of birch and fir, with stunted Siberian cedar. In the government of 
Tomsk there are forests of elm, larch, willow, and birch ; and between 
the Obi and the Tom, the land is covered with birch. To the west of 
Irkutsk the country is nothing but one vast, dense, and swampy forest. 
At Nertchinsk, in Russian Daturia, forests abound formed of larch, 
black and white fir, Siberian cedar, and black birch, which latter is 
found only here. There are also whole forests. of wild apricot and 
rhododendrons. At Ockhotsk there are immense tracts of swampy 
forests, and Kamtchatka, the eastern limit of the Old World, abounds 
in larch, white poplar, and birch. The willow and the alder are em- 
ployed only for fuel. On the whole, Siberia, notwithstanding its 
immense steppes and marshy plains, still reckons upwards of 2,000,000 
of acres of forest in the two neighbourhoods alone of Ekaterinbourg 
and Tobolsk. 

Central Asia is too little known for us to speak with any certainty 
regarding the forests it may contain. The greater part of the vast 
plateau of Tartary is a sandy and desert region, except at the imme- 
diate borders of the water courses; what forests do exist are on the 
slopes of the mountains by which the plains and valleys are surrounded. 
In the province of Leao Tong, in Manchuria, there are some extensive 
forests of fir, cypress, acacia, willow, apricot, peach, and mulberry, and 
on the east coast the mountains are covered with oak and pine, while 
towards the lower lands the willow, the maple, and the azalea are 
abundant. ’ 

Corea has immense forests in the mountains of its northern parts. 
The islands of Sagalhin, Jesso, and the Kuriles have large forests of the 
finest timber. 

The Empire of Japan has a vigorous vegetation, partaking of the 
European and South Asiatic; larch, cypress, and weeping-willow, 
which, by the way, is found in all the temperate countries between 
the Mediterranean and this empire, are here blended with the cocoa- 
nut, the fan-palm, and arborescent mimosas. 

China.—On the mountains of the western district of this great and 
populous empire there are forests of immense extent, abounding in 
almost every species of tree known in Europe, and many others 
unknown, ese forests, besides timber and fuel, supply many valu- 
able productions, such as barks, gums, oils, and resins used in the 
arts; rosewood, ebony, sandal-wood, and the valuable Chinese aloe ; 
a camphor-tree, which furnishes the best and most beautiful timber, 
the paper and other mulberries, the tallow-tree, the bamboo, &c. The 
provinces of Kiang-si and Quang-si have, also their mountains covered 
with forests, and in the latter province there is cinnamon superior to 
that of Ceylon. 

The islands of Formosa and Hainan are abundantly wooded, pro- 
ducing, besides timber, several woods remarkable for their perfume, 
and others of great value for carving, as eagle-wood, violet-wood, and a 
yellow wood of remarkable beauty, said to be incorruptible. Return- 
ing to the continent of Asia, we find 

Tibet, having the bases of its mountains girded with forests of bam- 
boo, aspen, birch, cypress and yew, and ash of remarkable beauty ; 
pine and fir are low and stufited. ; 

Cashmere has abundance of oak. 

India, both within and beyond the Ganges, is rich in wood. There 
are whole forests of the bamboo, which sometimes attain a height of 
60 feet. Cocoa-nut and palms of all kinds cover large tracts. Here 
are woods of oak, fir, cypress, and poplar; there are mangoes, banian- 
trees, uvarias, robinias, sandal-wood, &c, Guzerat, Oudepoor, the king- 
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dom of Asam, Bengal (along the coast particularly), the mountains of 
Tipra, and Malabar, abound in wood : vandssge B uces teak. In the 
Birman empire there are magnificent forests of the last-named valuable 
tree, together with white sandal-wood, eagle-wood, iron-wood, ebony, 
ore, Indian fig, fan-palms, bignonias, cocoas, and sago-palms; as 

fine groves of orange, lime, ko. 

The mass of the forests of the Sikkim Himalayas, according to Dr. 
J. D. Hooker, commences at about the height of 5000 feet, where the 
agriculture of the country terminates in ascent; and is formed of— 
(1) three species of oak, of which Q. annulate ?, with immense lamel- 
lated acorns, and leaves 16 inches long, is the tallest and the most 
abundant; (2) Chesnut; (3) Laurinee of several species, all beautiful 
forest-trees, straight-boled and umbrageous above ay lias. 
Many species of Magnoli (including the genera Afi ia, Michelia, 
and Talawma) are found in Sikkim. Magnolia Campbellii, which 

at 10,000 feet elevation, is the most superb known. 
“In books on botanical geography,” Dr. Hooker remarks, “ the mag- 
nolias are considered as most abounding in North America, east of the 
Rocky Mountains; but this is a great mistake, the Indian mountains 
and islands being the centre of this natural order.”- (5) Ar 
rhododendrons, which commence here with the R. arboreum. At 80 
and 9000 feet of altitude a considerable change is found in the vegetation, 
the gigantic purple Magnolia Campbellii replacing the white; chesnut 
disappears, and several laurels: other kinds of maple are seen, with 
Rhododendron arg and Stauntonia, a handsome climber, which 
has beautiful pendant clusters of lilac blossoms. At 10,000 feet, as 
exemplified on the top of the mountain called Tonglo, a great number 
of additional species of plants are found, and all betoken a rapid 
approach to the alpine region of the Himalaya. In order of prevalence 
the trees are,—the scarlet Rhododendron a ey and R. barbatum, as 


large bushy trees, 30 to 40 feet high, both loaded with beautiful 
flowers luxuriant foliage; 2. Falconeri, in point of foliage the 
most superb of all the Himalayan species, with trunks 30 feet high, and 


branches bearing at their ends only leaves 18 inches long. Next to 
these are shrubs of Skimmia Laureola, Symplocos, and Hydrangea, and 
still a few purple magnolias, very large Pyri, like mountain ash, and 
the common English yew, 18 feet in circumference. A currant is 
common, always growing epiphytically on the trunks of trees. 
Two or three species of Berberry, a cherry, Andromeda, Daphne, and 
maple, nearly complete, in Dr. Hooker's opinion, the list of woody 
plants. The rarity of Pines is perhaps the most curious feature in 
the botany of Tonglo, and on the outer ranges of Sikkim ; for, between 
the level of 2500 feet, the upper limit of P. longifolia, and 10,000 feet, 
that of the yew, there is no coniferous tree whatever in Southern 
Sikkim. (‘ Himalayan Journals,’ vol. i., pp. 162-169.) 


In some of India the entire destruction of the forests has 
rendered the country liable to the dreadful calamities which follow a 
deficiency of rain. The north-west provinces were denuded of their 


trees during the wars that attended the decline and fall of the Moham- 
medan empire and the rise and progress of the Jfts, Sikhs, and 
Mahrattas. These lawless freebooters swept away all the groves from 
the face of every district they invaded, w they never thought of 
renewing them, or encouraging their renewal, in those countries which 
they permanently occupied. ny fertile regions were thus turned into 
and arid wastes. For many years past, however, the attention of 
the Indian government has been given to the protection and renewal 
of the forests, which are now committed to a special class of officers. 

Ceylon is also well wooded with Asiatic trees and shrubs ; among 
the former are the ebony and satin-wood, and of the latter the cinna- 
mon is the most remarkable. 

The kingdom of Laos, Tonquin, Cambodia, Siam, and the peninsula 
of Malacca, have a nearly similar vegetation, Of the kingdom of 
Cochin-China, including Tonquin, Cambodia, and Cochin-China 
Proper, it <y e id that all parts po good timber, including, 
according to Loureiro, teak. The other vegetable products of the 
forests of Cambodia in particular, which are applied to use, are Car- 
damoms, Agila or eagle-wood, gamboge, and stick-lac. The Siamese 
forests also produce teak (north of lat. 16°) and eagle-wood, together 
with sappan-wood (Cesalpinia sappan),a kind of-red wood, called by 
the resident Portuguese “ Pao-rosa,” or rose-wood; and a kind of ben- 


zoin, differing from that of Sumatra, more abundant, but inferior in 
quality ; and two species of cardamomum, seemingly different from 
the A card: of Malabar. In various parts of the king- 


dom, especially of its southern districts, the tree or trees yielding 
gutta-percha have been discovered, and the produce exported. The 

insula of Malacca, though luxuriant in vegetation, is on the whole 
inferior in products to the countries just noticed. There are many 
species of forest-trees, but not one is fit for the higher purposes of shi 
building ; teak does not exist ; and about six only yield durable 
timber. Sappan and eagle-wood again occur, together with ebony, but 
none of them in much abundance or of the best quality. The most 
valuable and remarkable product is gutta-percha, [GuTTa-Psrcua.] 

Borneo is covered with a rank verdure, or a primeval forest of 
gigantic trees ; the cleared and reclaimed spots forming but exceptional 
specks in this wild and unvaried landscape. The commercial products 
are benzoin, eagle-wood, camphor, the sago-palm, and ratans, 

The Philippine Archipelago, embracing about 16° of latitude and 
9° of longitude, and those between the Sth and the 2lst degree of 
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other island of the former in which it is known to cour at 
intermediate islands of Bali and Lombok do not produce it. 

Of Oceania it is sufficient to say, that all the islands 
less abundantly covered with timber; many produce trees 
size and of the finest wood. 

“The whole island of New Guinea,” or Pap 
“so far as it has been seen, is one tniform I 
of the trees of which run up to the height of 150 and 180 
economical use of the tim n 
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New Zealand abounds in forests. The trees and feta, tneiaoll 
the distinguishing feature to the vegetation. In ou! 
about pr te ro of plants, there are not more than 
In New d, of flow trees, including shrubs above 
high, there are upwards of 113, or nearly one-sixth of the 
156 shrubs and plants with woody stems. Dr. J. D. H 
that the conifere will prove, eventually, to be the m 
natural family of plants in the islands. The Kauri pine ( 
australis) is not found south of Kawia, on the western coast, and 
Bay of Plenty on the eastern. It is confined to the 

opoat of turty sol, whlch, Bolng’lnbecsutngled will. ton 

it of turfy soil, which, being intermi wii 

matter, burns with great facility when dry. The resin of this 
an important article of commerce with and the Uni 
of America, The tree attains the height of 200 feet, and yields 
invaluable light compact wood, free from knots, from which the 
masts for ships are now prepared. 

Africa.—In spite of the burning heat of a vertical sun, 
are in Africa spots which, by reason of their elevation or 
proximity to the sea, enjoy a more temperate climate and abun- 
dance of moisture, In these places v tion is rich beyond deserip- 
tion, Thus Senegambia, Guinea, and are covered with gs 
which consist of the baobab (of which there are different kinds), 
palms, robinias, syeamores, sandal-wood (red and gray), and 
intermixed with bananas, oranges, limes, and eee are 
also cocoa-nut trees in great abundance, e tamarind and cedar, 
which grow in the greatest profusion on the borders of the Congo, 
furnish timber of the finest quality. Abyssinia has abundant woods, 
which grow the smooth-leaved coral-tree (. i 
the tamarind, the date, some mimosas, and a large timber-tree wi 
Bruce calls rak. On the coast of Adel there are odoriferous forests, 
producing the balm of Judwa, myrrh, &. Zyypt, though abounding 
in plantations of fruit-trees and dates, has no forests. The 
Mountains, on the contrary, are covered with magnificent forests, 

of oaks, the mastic tree, the cypress, &c. In 
the environs of Borgou are said to be eovered 
among which are several kinds of sycamore, and the 
Mimosa nilotica, The kingdom of Bornou has immense and the 
date-palm abounds here. The Cape, celebrated for the beau 
vi tion, was generally thought to be deficient in forest-timber, but 
it been discovered that to the eastward there are forests of the 
finest oak of the Albanian kind, celebrated for its quality and dura- 
bility, These forests also produce iron-wood, the sago-palm, &e.; as 
yet, however, they have been but imperfectly examined. Of the 
African islands, M: is rich in timber, and a variety of woods 
useful in the arts. same 


be said of the islands on the west 

coast; they are non well 
In a general survey of the Blobe, we may look upon the New World 
as pre-eminently the land of forests (as will appear when we come to 
treat of the forest of the Amazon), contrasting strongly with the Old 
World, where ste and deserts are the most characteristic features, 
This fact is probably related to a element in the chronology of 
physical geography,—the comparative youth of America (thus new as 
apart of nature as well as to knowledge) in the present geological 
riod of the earth, The oldest sedimentary formations, the Silurian, 
brian (and perhaps the more recent}: i Laurentian), 
pear to be universal; but the ods when they constituted 
of the land, with their clothing of ,vegetation and popula- 
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the remote physical antiquity. As 
period, with its appropriate organic beings of both 
é also, Focludl man himself, the 
ee ee we appear to be the 
e 


region), forms a still newer world. 
the association of plants which pro- 
forests, and to vegetation in general, between 
America, are no doubt dependent prinefpally on 
peculiarities of climate of the former, which have already been 
“noticed in the article Deserts. 
America, accordingly, is, of all parts of the world, the most thickly 
7 d with wood. i 


¥ , and in some parts, to the northward particularly, the larches 
are stunted in their growth. The environs of Lake Winni- 
“ are covered with the trees common to Canada. 
Greenland there are only a few stunted willows and birches ; and 
Labrador has merely some pines and ae Soe valleys. 
Canada contains immense forests. Pines and evergreens are the 
most abundant, after which come the red and the sugar maple, the 
birch, the lime, the American elm and iron-wood, the yew, the com- 
Mon and mountain-ash ; also a great variety of oaks, different from 
the European species, which do not thrive here. 
New Brunswick has large forests of fine timber, particularly pine, 


bi sa 4 
rane produces good oak; but the principal wood is pine, fir, 


birch. 
: The island of Cape Breton furnishes immense oaks‘and magnificent 
‘masts. Newfoundland, and the other islands at the mouth of the St. 
_ Lawrence, also uce timber fit for naval and other constructions. 
The United are abundantly wooded, the cleared land even in 
some of the Atlantic states being inconsiderable when compared with 
_ that still covered with the primitive forests, which contain an immense 
trees. There are about forty different kinds of oak, fourteen 


5 


, wild cherry, and apple, mulberry, poplar, willow, 
gg Oder &e. all the states, Ohio perhaps contains 
of Florida present a mixed vege- 
productions of both the north and the south. 
white pine, evergreen oaks, chesnut, mahogany, 
le, logwood, Brazil-wood, and sassafras. There are 
le forests of red and white mulberry, the finest in 
fruits also grow here, and the oranges are finer 
i California the pine attains an enormous growth, 
has been found to be of excellent quality. The Oregon 
British Columbia are both well wooded. 
oh ico or New Spain there are abundant forests, differing in 
character according to their position on thé heights or in the plains. 
In Texas there are great plains covered with .palms, while the heights 
are clothed with the timber-trees of Louisiana. The mountains in the 
“neighbourhood of Guanaxuata and Valladolid are covered with forests, 
exico abounds in cedar and other large trees. 
for its logwood and mahogany ; the latter is also 
ee abundance round the Bay of Honduras. 
Rica 


quc of palms which attain an immense magnitude ; 
and Varaguay there is fine forest-timber. 


1¢ West India Islands generally abound in wood, though there are 


the Caraccas possess inexhaustible forests, which, 
the finest timber, produce also a great variety of beautiful 

cabinet-work, dye-woods, drugs used in the arts, and medi- 
the sarsaparilla, bark, &c. 

da the , Popayan, and Pasto have 
The neigh of Guayaquil, besides the common 
possesses a wood remarkable for strength and 
ible, and to resist worms better 
it invaluable for the keels and 


Peru is rich in forests, which furnish timber, gums, resins, dye- and 
yg pred ee the huett cog, 

AY possesses forests of gi trees, many of incorruptible wood, 
and others useful for their Bos resins, &e. Pines ia gas Bales 
abundant, The whole chain of the Andes abounds in wood, varying 
kind according to height, latitude, and aspect. The vigour of the 
getation in some a Paee © Hespoeivebie ; thus in Chile trees have been 
1 an entire church, 60 feet long, with all its wooden 
of doors, windows, &c,,has been built of a single tree, 


; The Magellanic Lands, on the west or mountainous part, contain 
‘orests. 

Paraguay is rich in wood, on the borders of the U: Uraguay ; 
and, among other trees, produces in abundance that oe which the 
resin termed dragon’s-blood is obtained. 

Brazil contains extensive forests, which cover immense tracts, and 
are composed of palms, Brazilian cocoa, loftier than the Indian, together 
with an endless yariety of other trees peculiar to the country ; some of 
these are of extraordinary size. The Brazilian pine furnishes very fine 
masts; this country exports a large quantity of timber, and supplies 
all the Portuguese shipping. Brazil also produces the dye-wood. 
which bears its name. ' 

Guiana has extensive forests in its higher parts; but the wood of 
many of the trees is so soft as to be only good to burn, and that of 
others is too hard to be worked. It produces many dye-woods. 

The forest-region of the river Amazon and of the upper Orinoco, 
according to Humboldt, covers an area of about 719,000 square miles, 

The entire extent of the valley of the Amazon, with the exception 
of some very small portions, is covered with one dense and lofty 
primeval forest, the most extensive and unbroken which exists upon 
the earth, Tt is the great feature of the country,—that which at once 
stamps it as a unique and peculiar region. Hoes we may travel for 
weeks and months inland, in any direction, and find scarcely an acre of 
ground unoccupied by trees. It is far up in the interior where the 
great mass of this mighty forest is found; not on the lower part of 
the river, near the coast, as is generally supposed. A line from the 
mouth of the river Parraiba, in long. 41° 30’ W., drawn due west 
towards Guayaquil, will cut the boundary of the great forest in long. 
78° 30’, and, for the whole distance of about 2600 miles, will have 
passed through the centre of it, dividing it into two nearly equal 
portions. For the first 1000 miles, or as far as long. 56° W., the 
width of the forest from north to south is about 400 miles; it then 
stretches out both to the north and south, so that in long. 67° W. it 
extends from 7° N., on the banks of the Orinoco, to 18° S, on the 
northern slope of the Andes of Bolivia, a distance of more than 1700 
miles. From a point about 60 miles south-east of Tabatinga, a circle 
er be drawn of 1100 miles in diameter; the whole area of which 

l thy forest. 

* The forests of no other part of the world,” observes Mr. A. R. 
Wallace, from the scientific additions to whose ‘ Travels on the irri 
and Rio Negro’ we derive these corrected particulars of the forest- 
region of the Amazon, “ are so extensive and unbroken as this. Those 
of Central Europe are trifling in comparison; nor in India are they 
very continuous or extensive ; while the rest of Asia seems to be a 
country of thinly-wooded plains, and steppes, and deserts. Africa 
contains some large forests, situated on the east and west coasts, and 
in the interior south of the equator; but the whole of them would 
bear but a small proportion to that of the Amazon. In North 
America alone is there anything approaching to it, where the whole 
country east of the fr 5 and about the great lakes, is or has 
been an almost uninterrupted extent of woodland.” 

The forests of the Amazon are distinguished from those of most 
countries by the great variety of species of trees composing them. 
Instead of extensive tracts covered with pines, or oaks, or beec es, We 
scarcely ever see two individuals of the same species together, except 
in certain cases, principally among the palms. A great extent of flooded 
land about the mouth of the Amazon is covered with the Miriti Palms 
(Maurititia flexuosa and M. vinifera), and in many places the Assai 
(Luterpe edulis) is almost equally abundant. Generally, however, the 
same species of tree is repeated only at distant intervals. On a road 
for ten miles through the forest near Pard, there are only two 
specimens ‘of the Masserandtiba, or Cow-tree, and all dhronsh the 
adjoining district they are equally scarce. The Leguminose are by far 
the most abundant species among the forest-trees of the Amazon. 

The following list of the princi vegetable productions of the 
Amazon forests is given by Mr, Wallace :—‘‘ India-rubber, from the 
sap of the Siphonia eastica ; Brazil-nuts, the seeds of the Bertholletia 
excelsa ; Salsaparilha, the roots of Smilax syphilitica ; Ton uin-beans, 
the seeds of Dipteryx odorata ; Puxiri, the fruit of Nectandrum 
puchury ; Sassafras oil, tree not known; Andiroba oil, from the fruit 
of an unknown tree; Crajuru, a red colour prepared from the leaves 
of Bignonia chica ; Pitch—exudes from a forest tree; Oacao, the 
seeds of Z'heobroma cacao and other species ; Cravo, from an unknown 
tree; Canella, the bark of Canella alba; Vanilla, the fruits of various 
species of Vanilla; Guaramd, a ad ian from a fruit, grated in 
water, to form an agreeable and me dicinal drink ; Piassdba, the fibres 


from the Joe oft of a palm, Z ldinia, n.s.; Bal: Capivi, from 


the Copai officinalis ; Silk-cotton, from various species of Bombax.” 
From the above rapid sketch of the forest-lands of the globe, it 
that they still cover a great portion of its surface, nor can it 
be doubted that the immense tracts of wood we have enumerated exer- 
cise a very powerful influence on the physical economy of the»: th 
This influence is both direct and indi The direct influence of 
forests is the diminution of temperature, effected, according to Hum- 
boldt,—* 1, By screening the soil from the heat of the sun’s direct rays; 
2, by the powerful evaporation of moisture from the leaves; and 8, 
by the immense surface which these same leaves offer to the cooling 
process of radiation,” 
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The indirect influence is the preservation of that due circulation of 
moisture by which the fertilising rivers of the earth’s surface are 
furnished with a perennial supply of water. Such, indeed, is the 
importance of forests in this respect, that if it were possible to annihi- 
late at once all the forests that now exist, the earth would no longer be 
habitable. The rains which fall in the mountains, no longer arrested 
by the trunks and roots of the trees, would not have time to percolate 
through the soil and fissures of the rocks to supply the reservoirs of 
springs, but would pour down in devastating torrents, leaving the 
watercourses dry as soon as the rain had This, in a limited 
degree, has been already experienced in places where the heights have 
been partially denuded of their forests ; and its effect on the rivers in 
some parts of the United States, where the portion of cleared land is 
considerable, is distinctly observed. Nor would this be all; lakes, for 
want of supply, would soon be dried up; and as no waters but those of 
the ocean would then exist, the atmosphere would then be deficient: in 
moisture; no vegetation could exist, and the animal world would perish 
of thirst, hunger, and heat. Forests, then, are of primary importance in 
the economy of the globe, independent of their utility in a thousand 
arts which are necessary now to our comfort. This meme | 
at length awakened governments to the necessity of protecting fo 
from wanton spoliation by codes enacted for the purpose, and of 
forming schools in which all that is necessary to be known for the 

ement of forests, so as to maintain a constant supply of timber 
and fuel, shall be ly taught. [Forest Scrence.] 

FOREST LAWS. In this country even in the time of the Saxons 
the crown lands consisted in part of forests, or tracts more or less 
covered with wood, in which the king was accustomed to take the 
diversion of ee from hunting in which all other persons 
were prohibited. is distinctly appears from the laws of Canute. 
But the prohibition against hunting in the royal forests was merely a | 
protection thrown around the property of the crown of the same kind 
with that afforded to all other landed estates, in regard to which, uni- 
versally, the law was, that ey proprietor might hunt in his own 
woods or fields, but that no other person might do so without his 
leave. On the establishment, however, of the Norman government 
the property of all animals of chase throughout the kingdom was held 
to be vested in the crown, and no person without the express licence 
of the crown was allowed to hunt even upon his own estate. This 
however, is rather a conjecture deduced from the supposed principles 
of feudalism, thana well-established fact. There are no laws respecti 
the forests among those attributed to the Conqueror; but after the 
conquest the forests were guarded with greater strictness; their 
number was extended and their bounds enlarged; trespasses were 
punished with greater severity; and, finally, a system of laws and of 
courts for their administration was established, by which not only all 
offences touching the royal forests were tried, but all persons livi 
upon these properties governed. This is the system properly call 
the forest laws. Of this in its original integrity we have no complete 
or authoritative record: our knowledge is derived from incidental 
notices of the chroniclers; the energetic language of complaint and 
condemnation in which it is spoken of; the legislative enactments for 
ts reform which have been preserved; and the remnants of it which 
survived to a comparatively recent period. 

The Conqueror is said to have possessed 68 forests, 13 chases, and 
781 parks. Forests and chases differ from parks in not being inclosed 
by walls or palings, but only encompassed by metes and bounds; and 
a chase differs from a forest, both in being of much smaller extent (so 
that there are some chases within forests) and in being capable of 
being held by a subject, whereas a forest can only be in the hands of 
the crown, The material distinction was, that forests alone were 
subject to the forest laws. Every forest however was also a chase. 
A forest is defined by Manwood, the great authority on the forest 
laws, as being “a certain territory or circuit of woody grounds and 
pastures, known in its bounds, and privileged, for the peaceable being 
and abiding of wild beasts, and fowls of forest, chase, and warren, to 
be under the king’s protection for his princely delight ; replenished 
with beasts of venery or chase, and great coverts of vert for succour of 
the said beasts; for preservation whereof there are particular laws, 
privileges, and officers belonging thereunto.” The beasts of park or 
chase, according to Coke, are properly the buck, the doe, the fox, the 
marten, and the roe; but the term in a wider sense comprehends all 
the beasts of the forest. Beasts of warren are such as hares, conies, 
and roes ; fowls of warren, such as the partridge, quail, rail, pheasant, 
woodcock, mailard, heron, &c. He afterwards however quotes a 
decision of the justices and the king’s council that roes are not beasts 
of the forest, because they put to flight other wild beasts (eo quod 
fugant alias feras), which seems an odd reason; perhaps the word 
should be “ fugiunt” (because they fly from other wild beasts), And 
he adds, “ beasts of forests be properly hart, hind, buck, hare, boar, 
and wolf; but legally all wild beasts of venery.” ( Co. Litt., sec, 887.) 

For the antiquity of the royal forests in England, “the best and 
surest argument,” says Coke, elsewhere (4 ‘ Inst.’ 319), “ is, that the 
forests in England, being sixty-nine in number, except the New 
Forest, in Hampshire, erected by William the Conqueror, and Hampton 

Court Forest, by Henry VIII., and by authority of parliament, are so 
ancient, as no record or history doth make any mention of their 
history or beginning.” Yet it appears, both from the great charter of 
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enacted that all offenders in it shall incur such penalties as the like 
offenders do in any other forest or It was 
Many historians tell hat King, John granted 
istorians tell us t! a 
at che hana time with Magna Charta. This is 
asserted by Matthew Paris, who even professes to give 
full | But the statement is entirely unfounded ; 
obtained from John in regard to the royal forests 
a contained in the Great Charter at 
- Paris quotes, is a charter ited 
his reign (an, 1224), This wae poy aged 
t is commonly printed in the statutes from the Inspeximus, 
firmation of it, in the 28th of Edward I. (a. p. 1299). The 
legislation upon this subject is principally to be found in the oo 
statutes :—The Customs and Assize of the Forest, or the Articles 
Attachments of the Forests (of which the date is not known); the 
Ordinatio Foreste of the 33 Edw. I. (1305); the Ordinatio Foreste of 
the 34 Edw. I, (1806); the 1 Edw. IIL c. 8 (1827); and the 7 Rie. IL. 


c. 3 (1888). 
One of the chief insisted upon in the early national demand 
for the reform of the forest laws, was the mitigation of their severe 
code of punishments. The Conqueror, who, as the ‘ Saxon Chronicle’ 
says, loved the red deer as if he had been their father, is affirmed to 
have visited the slaughter of one of these animals with a heavier 
penalty than the murder of a human bei And it would appear 
from the charter of Henry III. that the offence had previously 
nishable not only with mutilation, but with death. ““ No man 
enceforth,” says the charter, “shall lose either life or member for 
killing of our deer; but if any man be taken and convict for 
our venison, he shall make a grievous fine, if he have anything whereof; 
and if he have nothing to lose, he shall be imprisoned a anda day 
and after the year and a day expired, if he can ind sullen sree, 
he shall be delivered; and if not, he shall abjure the realm 


charter of forests 


England.” ing to Matthew Paris (whose authority, however, 
on such a matter, is not worth’ much), Richard I. had 
the es of mutilation for offences against the forest laws. 

The forest laws, as already mentioned, were administered by their 


verderers as judges, and with a j 
holders within the forest; and 3. 
was the supreme court, held every third before the chief 
in eyre of the forest. This was a court of record, and, 
times, it was held that a writ of error lay from it to the Court of 
Bench. With the exception, however, of one said 
his life of Lord Keeper North to have been held 
the Restoration, no court of justice-seat has been held since 16 
minute survey of the forest was also taken every third 
twelve regarders; and it was u this occasion, and a 
spection of the regarders, that the. lawing or expeditation 
mastifs in the forest took place, which consisted in 
claws and ball (or pelote) of their forefeet, to prevent them 


ee 


running after the deer, 
The four penal forests in E; were accounted to be, 
the New Forest, Sherwood, Dean, and Windsor. Among the others 


were Epping, in Essex; Dartmoor, in Devonshire; Wichwood, in 
Oxf ; Salcey, Whittlebury, and Rockingham, in Northampton- 
shire ; Waltham, in Lincolnshire ; Richmond, in Yorkshire, &c. 
The vexatious and oppressive powers vested in the crown by the 
forest laws, after having to od, ges reread long ceased to be exercised, 
were revived by Charles L,, endeavoured to be turned to account 
in replenishing his exchequer. At the court of justice-seat, held in 
1632, before the Earl of Holland as chief justice in eyre south of the 
Trent, large sums of money were extorted from ms, chiefly 
as compositions for alleged encroachments on the t boundaries 
of the forests, altho: after a quiet possession of three or four 
centuries. This accordingly was one of the grievances to which the 
Long Parliament directed its earliest attention. One of the Acts which 
that assembly passed in its first session (16 Car. I. c, 16), was entitled 
‘An Act for the Certainty of Forests, and of the Meets, Meers, Limits, 
and Bounds of the Forests, and it enacted that the bounds of every 
forest shall be those commonly known, reputed, used, or taken to be 
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ascertaining the bounds of forests as they stood 
the Latsages | reign, ang*beyond which they should 
extended. Since the passing of this Act, the old 
may be considered as having been practically abolished, and 
connected with their administration and execution turned 

than sinecures. 
Forest of Henry III. contains the following curious pro- 
ing to 
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at 
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_ vision :—‘ Whatsoever archbishop, bishop, earl, or baron, coming 
us at our commandment, passeth by our forest, it shall be lawful for 
him to take and kill one or two of our deer, by view of our forester, if 


3 or else he shall cause one to blow an horn for him, that 
our : 


re 
: 
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ae one or two of the deer if he should pass 
t any of 

Hunting, it may be observed, was formerly so common or 
an episcopal amusement, that; the crown is still entitled, at 
death of every bishop, to have his kennel of hounds, or a com- 

in lieu thereof. Auckland Park, and certain other 

of the Bishop of Durham by forest services; “ par- 
,” says Camden, “upon his great huntings, the tenants in 
were bound to set up for him a field-house, or tabernacle, 
and manners of rooms and offices; as also to furnish 
horses, and to his provision, and to attend 
his stay for the supply of all conveniences. But’ now all 
of this kind are either let fall by disuse, or changed into 


pecuniary ” [Game Laws; Woops and Forests.] 
FORBOE BOIENCE coceutctce a separate and distinct branch of 
ich orignated in Germany from the increased scarcity of 
instruction of this kind was given by Mr. 
forest, and its importance being 
appreciated, forest academies soon multiplied, particularly 
ia directed particular atten- 
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. Prussia 
king Frederick, on coming to the 
throne, ordered that, “in future, situations in the forest department 
i iew to the most perfect preservation of 
the forests ; that the nominations should be founded on knowledge and 
experience, and no longer granted ~ Boscom pee for service.” In 
anew isation too! a competent instruction 
in all thing Aiding 02 the waaingiea ent of forests became a 


in all thi eos 
Detesmary qrallfcntica ion for an appointment to any post in the forest 


forests, is under little apprehension of a scarcity of wood, nevertheless 
consumption of this article is so enormous, all the houses of the 

e being built of it, and no other fuel being used, that it has 
deemed advisable to Ie shescar attention to the subject, and a 
i sanction of the government 

preservation of the forests and more general instruction 


, by an ordonnance of 1669, placed the forests under the 
a separate branch of the government. Men of science 
began to turn their attention to this subject. Du Hamel du 
among the first naturalists who wrote on the 
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of the various trees which may be cultivated to 
and the uses to which their woods may be put, with the 
ir propagation in various soils, form a branch of forest 


The following is a list of the principal forest trees :— 


The oak Quercus), and its varieties, the beech ( Fagus sylvatica), the 
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The uses to which the wood is applied vary very much, according to 
circumstances and situations. The most profitable is that of timber 
for buildings, and more particularly for naval architecture. The oak, 
beech, elm, and fir, are the chief woods employed for this purpose; but 
the chesnut was at one time considered as equal to the oak, as the 
roofs and beams of many old buildings testify ; Windsor castle among 
the rest. For millwrights the ash, beech, service tree, walnut, and 
crab, are most useful. For various utensils for the dairy and domestic 
use, the sycamore, the lime, and the poplar, are used on account of the 
whiteness of their wood. Various soft woods are used for turning, as 
well = the hardest, when they have a close grain and are not apt 
to split. 

When wood cannot be applied to building or domestic uses it is still 
very valuable as fuel, and in this point of view it is important in those 
countries where pit coal is not abundant. The best wood for fuel is 
oak, and next to this beech. The harder the wood, in general, the 
more heat it gives out in burning. The trunks of large trees, sawn 
into convenient lengths and then split into billets, make the best fuel ; 
but where wood is scarce it is found most profitable to cut down the 
trees at the age of 30 or 40 at most, when they have acquired a 
considerable height of stem but no great girth. In the woods which 
are planted for this in France and Germany the trees are 
drawn up by being left close together, and the side branches are kept 
cut to the height of 30 or 40 feet, so that they only spread out at top, 
and the trunk never acquires the size which it would if the tree stood 
singly, and had roem to sp1 out its branches. 

In order to judge of the value of woods in different soils the follow- 
ing table may be useful. It is calculated on the supposition that the 
ground is covered with trees as much as it will bear. 

The cord here alluded to is 5 feet 6 inches in height, 8 feet long and 
3 feet 6 inches wide, French measure, that is very nearly 6 feet high 
8 feet 8 inches long, and 3 feet 10 inches wide, or 200 cubic feet 


ish measure, 
In the following table the tops made into charcoal and the faggots 
are reduced to cords in the proportion of four and a half cords of 
charcoal-wood and 550 faggots for one cord of fire-wood. 


Propucr or Frre-woop PER ACRE, AT DIFFERENT AcsEs, IN Corps, 


Age of Trees. On Poor Middling 
Years. Soils. Good Soils. 
10 2 3h 4h 
15 2h of 9 
20 3 9 15 
25 5 13 21 
30 64 16 27 
35 7 21 35 
40 7 243 42 
50 6 31 56 
60 5 374 70 
70 3 41k 80 
80 2 46 90 
90° y 48} 96 
100 oe 51 102 
120 . 57 114 
140 62 124 
150 64 128 
200 67 135 
250 60 120 
300 55 110 


This table is the result of careful measurement of woods cut down 
at different ages; and it shows that the maximum in poor soils is 
attained in 35 years, in middling and good soils at 200, But it also 
shows that the increase of wood per cent. in ten years is greatest from 
20 to 30 in poor soils, from 40 to 50 in middling soils, and from 70 to 
80 in good soils: so that it never can be profitable to allow any wood 
which is to be used for fuel to stand above 80 years. 

In good soils at thirty-five years growth the wood in the tree has 
increased one cord per acre each year; and the rate of growth increases 
till the nineteenth year, after which it begins to diminish. But it 
must also be taken into the account that wood of the age of 70, 80, 
and 90 years is of far greater specific gravity than that of 25 or 30; 
and consequently the increase in bulk in ten years, from 80 to 90, 
produces more fuel than the mere measure indicates. On good soils 
oaks and beech will continue to increase for 200 years; but in poor 
soils they do not thrive after thirty-five years, and then they begin to 
waste. 

Preparatory to making a plantation of any extent it is necessary to 
establish a nursery to raise plants ; for although trees which are raised 
from seed and have never been moved become much larger and finer 
than those which are transplanted, it will be found on calculation 
that a quick return is much mae imyane and as a matter of 
economy trees which have been rai in a nursery and transplanted 
arrive sooner at a certain growth than those which are sown on the 
spot where they are to remain. ; 

The ground chosen for a nursery should not have a better soil than 
that in which the plants are finally to be placed, because, in that case, 
they would most likely suffer, if not perish altogether. The surface 
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very free from weeds by h the plants will rise ly, and 
hey may be thinned ae oe “hig firat year; those wl are taken 
out may be Se Salon cn tee arseeh in wastes spot 


in the nursery. When the trees are three or four years old, and have 


clean and straight stems, the side branches having been carefully 
pruned off, may be ted where they are to remain, The 
ground should be trenched well drained if it is wet. It is useful 


in northern climates to plant hardy evergreens, such as the Scotch fir, 
amongst forest trees, to serve as shelter to them while they are tender, 
These are called nurses, and are generally cut out, as the oaks, ash, 
beech, and other more valuable trees grow up. If ‘the ground is dry 
it is only necessary to dig a hole ei teen inches deep and a yard in 
diameter, for each tree; this is to half filled up > with the looge 
earth taken out ; the young tree is then to be placed on this surface 
and its roots spread out, the tap-root being cut oe The best earth is 
then carefully spread over the roots and trod in with the feet, and the 
whole filled up to the level of the ground. In wet situations the trees 
are sometimes pepe nearly on the surface of the ground, and a small 
mound of earth is raised round the stem; but it is much better to 
drain the land properly, without which ‘the plantations will never 
thrive, The proper distance to plant oaks is ten feet each way 
with a fir-tree between every two. In five years half of the firs may 
be cut out, and the oaks pruned where it is necessary. In fifteen 
years all the firs will be cut out and the oaks will be able to protect 
one another. In twenty-five years from transplanting, half of the trees 
may be cut down, and the remainder thinned out gradually as they 
spread and advance in growth. 

In England, where crooked pieces of large oaks are of value in ship- 
building, the side branches are not taken off higher than fifteen or 
twenty feet from the ground ; and where trees have plenty of room, as 
in hedge-rows or parks, this may be judicious, but in close plantations 
it is of advantage to haye a long stem without branches. Knee-timber, 
as it is termed, is however now much less in demand than formerly, on 
account of the method adopted of artificially bending straight timber 
for purposes of naval construction. In France and Germany the 
branches are always cut off to the height of thirty or forty feet. 
This is done gradually as the tree grows. When the branch is very 
young it may be cut close to the tree, and the bark will soon cover 
the wood and obliterate the scar. When they are larger, it is best to 
shorten them to a few inches from the stem the first year, and cut 
them close the next: when a branch is cut close in a young tree no 
portion of it must project beyond the wood of the stem, and if a 

rtion of the bark of the latter is cut to make all smooth, it will 

no detriment, and the wound will soon heal over provided it is 
done at the proper time. But if a large branch is cut so that the 
bark cannot grow over the wound in one year, there is i danger 
of causing a fault in the wood by the decay of the heart of the 
branch ; in that case it is better to cut it at some distance from the 
trunk, and to shorten it repeatedly till the branch dies naturally and 
breaks off. In that case no flaw will be found in the wood. This is 
the operation of nature in a close wood, which we should endeavour to 
imitate. 

FORESTALLING was, like engrossing, an offence at common law 
against trade. It is described in 5 & 6 Edw. VI. c. 14, to be the 
buying or contracting for any merchandise or victual coming in the 
way to market; or dissuading persons from bri their goods or 
provisions there, or persuading them to enhance the price when there, 
any of which practices were supposed to make the market dearer 
to the fair trader. The prohibition seems to have been derived from 
the Roman law, which imposed a penalty of twenty pieces of gold in 
such cases. (‘ Dig.’ 48, tit. 12. 2.) 

The true principles of trade being now better understood, fore- 
stalling is no longer an offence. 

FORFEITURE, the punishment by loss of lands, estates, rights, 
offices, or personal effects, annexed by law to certain crimes, also 
to certain illegal acts or negligence in the holder of lands or offices. 

In criminal cases forfeiture is threefold :—1..Of real estates abso- 
lutely, as for high treason ; if freehold, to the king; if copyhold, to 
the lord. 2. Of the profits of the real estate, if freehold, to the crown 
during the life of the offender, and a year and a day afterwards, in the 
case of petty treason or murder [Frtony], after which the land escheats 
to the lord [escmnas) ; if it is copyhold, it is at once forfeited to the 
lord. 3. Of goods and chattels, in felonies of all sorts, Some other 
cases of forfeiture of land or goods, or both, are established by different 
statutes, as the statutes of premunire, &c. 

Lands are forfeited upon attainder, and not before [ArrampeErR]; 
goods and chattels, upon conviction, The forfeiture of lands has 
relation to the time of the offence committed; the forfeiture of 
and chattels has not, and those only are forfeited which the offender 
has at the time of his conviction. bond fide alienation of his goods 
and chattels made by a felon or traitor between the commission of the 
offence and his conviction is therefore valid. 

The statute 15 & 16 Vict. c. 3, contains directions for keeping 
accounta, and for investment and disposition of forfeited property 
recurring to the queen by virtue of her prerogative. 


Forfeiture in civil cages takes place where a tenant of a 
as it is called, a particular estate, grants a larger estate than 


as where a tenant for life assumes to conve , the fee-simple. 
copyholder commits waste, or refuses to suit of court, or 
R these cases there 


for the breach of the condition, a court of equity will 

entitled to the forfeiture to accept compensation. ney 

advantage of a forfeiture may also be waived by 

taney for stan, te Tee f —. os the pine 
a, e of rent by a 

of a time subsequent to the act by which the forfeiture is incurred. 

Lands may also be forfeited by alienation contrary to law, as by 
alienation in mortmain without licence, or to an alien ; in the former 
instance, if the immediate lord of the fee, or the lord paramount, 
lect to enter, the crown may; and in the latter, though the conveyance 
is effectual, yet as an alien cannot hold lands the crown ne 
upon office found. [Orrice Founp,]} 

Offices are forfeited by the neglect or misbehaviour of the holders; 
and the right to the next presentation to ecclesiastical benafices 
forfeited by simony and by lapse. Simony is the corrupt 
of any one to an benefice for money, gift, or 
Lapse is where the patron neglects to present to a ‘ 
mats ofr 3 bes hensnse wecumtc de, uid sags the iad ae 7 
accrues to the ordinary; by neglect of the ordinary for the same space — 
of time, to the metropolitan ; and by the like neglect of the metropo- 
litan, to the crown. [BENEFIO8. j 

FORGE; FORGING MACH Many im; 


introduced "im recent years in the aj paratus for Peng hammering 


Suds. 


heated iron. We do not advert here to the marvell 


licable kind, As is well known, a common 
smith’s pt mpi consists ihiely of a hearth on which the burning fuel is 
placed, bellows for ee the intensity of = heat, anvils on > 
to rest the heated metal while being f: and hammers and > 
to bring the metal into form. An rsmith’s forge is 
similar, but on a larger scale. The recently-invented forges, 
are all intended to effect something more than can be acco ie 
the ordinary forge, either in quantity or in kind. We 
few instances. 

yachting, sanphogtooaed, tctiog: maaeneanaE rime 
ing, ho! carrying turning, and 
heated metal which is soe process. The face of rrp Rese hn Pre 


Soaatees tbat the heated Bom gstiessh pore ¥ 
them and the anvil, is made to assume a shape successively nearer and 
nearer to that which i is 

Chaplin's forge is compact and portable, and gives out an — 
heat. An upright iron frame contains the blowing apparatus. 
sheet-iron tray is mounted on wheels: and an upright front is stocked 
to the tray by a single bolt, The fuel is contained in a long concave 
pan of cast-iron, bo tothe Same, She ole ne eee 
folding up; and the opposite end of the is supported 
standards. An adjustable dead-plate is fitted to the inner front of the 
frame, to prevent the injurious action of the rere —_ to tai ‘ 
machine. A portable hinged hood is so fitted as 
downwards, and carry off the smoke, A cold-water 
upon the end of the fire-pan. The blowing apparatus consists of small 
oa ee of the frame ; it is driven by a band from 

indle of a winch-handle ; or, in another poe ee pe 

ge te scateed ts ee at 
liberty. This ingenious ent of parts would render the forge 
available asa shit hanter, or for melting small or of iron or 


the aes to be finished in one heat. 
Sonece’ seaman etc es one pair 


swages to 
another. 


Seek ecb patent for this machine 
application was made for a renewal, on the gro 
had only become — when the patent was nearly out; but this 
ap oye was refused 


PS ; ee Ba 
ee ee ee ee 


small steam-engine, which obtains its steam 
forge fire, There is a small horizontal steam-cylinder attached to the 
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frame which carries the forge-hearth, and connected with the frame is 
system of shafts, speed-wheels, pinions, &c., to move the piece of 
metal which is to be acted on, and also the hammer. There is a 
-fan making sixteen hundred revolutions in a minute. The 

the steam-engine is over the hearth. The forge-anvil is 
itself on the floor, at the other end of the machine, The 
are attached to levers: on a horizontal shaft in the hearth- 
in motion by the steam cylinder, through the 
sliding rod which strikes the tail of the lever or 
i Hand-gear is provided for working the hammers if steam- 
_ power should not be available. 


_ FORGERY is the false making, counterfeiting, altering, or uttering 
- any instrument or writing with a fraudulent intent, whereby another 


io be defrauded. The offence is com by the making 


_ It is by no means 


At common law the crime of forgery was only » misdameanour, but 
as the commerce of the country increased 
many severe laws were enacted, which in 


and parties v uently chose rather quietly to sustain the loss 
atidead ufen than the offence, than by a prose- 


the laws relating to ongerys and now by various statutes, particularly 


e. 84, the punishment of death is abolished in @ases of forgery, and a 
¢ varying between transportation for life (now penal servi- 
) and impri t for one year is substituted. 
a . C.: Russell on Orime ; Deacon’s Criminal Law.) 
RK (Anglo-Saxon fore ; the same as the Latin furca), an instru- 
ment divided at the end into two or more prongs for various uses, 
jally for the table. Addison speaks of a thunderbolt with three 
+ is sometimes used for an arrow, and in old English for a 
gallows or ey SME, aA fom oak ae | a 
postal j punishments, just ’scaped fork.” e furca 
i Romans, Criminals 


rt een on hirele to Siety 12. shone with them: hence 

use of the word “ furcifer” as a term of reproach. 

‘The agri or dung-fork, and a large fork for the flesh-pot, 

were the only =e of this name apparently in use among our 

cee enoestons. first mention of table or eating forks is aly 
in the ‘ Chronicon Placentinum’ of John de Mussis (‘ Muratori,’ 

a writer of the early part of the 15th century, who, 


when luxuries of the people of Piacenza recently intro- 
duced, says, “they use cups, , and little forks of silver ” 
argenti”). But the fork must 


_ Alberti (‘ Urbis Venetw Descriptio’ Venice, 1626, p. 221) be correct in 
Sgetak o's nat af ide in the wife of the 


os Domenico Silvio, who flourished to the close of the 11th 
a 

non a ; , in 
Bis "rade edit. 1611, p. 90), announces himself as the person 


Italian cities and towns through the which I passed, that is not used in 
any other country that I saw in my travels; neither do I think that 
nation of Christendom use it, but only Italy. The 

that are commorant in Italy, do always 
meals use a little fork when cut their meat. For while 
in one hand, they cut the meat out 
hold in their other hand, 

he be that, sitting in the com- 
al, should unadvisedly touch the dish of meat 

Angers from which all at the table do ut, he will ive occasion 
as ies, grat the laws of good 

vem Tere that for his error he be at the ‘ask trow- 
beaten, ords. This form of feeding, I under- 
stand, is used in all places of Italy, their forks being, for the 
most , made of iron or steel, and some of silver, but those are used 

x The reason of this their curiosity is, because the 
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Italian cannot by any means endure to have his dish touched with 
fingers, seeing all men’s fingers are not alike clean. Hereupon I myself 
thought good to imitate the Italian fashion by this forked cutting of 
meat, not only while I was in Italy, but also in Germany, and often- 
times in England since I came home: being once quipped for that 
frequent using of my fork, by a certain learned gentleman, a familiar 
friend of mine, one M. Laurence Whitaker, who, in his merry humour, 
doubted not to call me at table furcifer, only for using a fork at feed- 
ing, but for no other cause.” Coryate’s testimony is confirmed by 
Fynes Morison, in his ‘ Itinerary’ (P.i., p. 208, fol., 1617), who, speaking 
of his bargain with the patron of the vessel which conveyed him from 
Venice to Constantinople, says, “he gave us good diet, serving each 
man with his knife, a spoon, and a fork.” Ben Jonson, in ‘ The Divell 
is an Asse’ (act v. sc. 4), makes Mere-Craft of his “ pains at 
court” to get a patent for his “project” for “the laudable use of forks, 
brought into custom here as they are in Italy, to the sparing of nap- 
kins ;” and that they are to be “of gold and silver for the better 
Srgp a and of steel for the common sort.” See also his ‘ Volpone,’ 
iv. 8c. 1. 


The forms of the immaterial things are called categories ; the forms 
of the material we may call figures; the form of appearances retains 
the name of form; and ideas are formless. The categories, according 
to the opinion of the writer (founded upon those of Aristotle, Kant, 
and many others), are the following :—1l. Categories of position—to 
be, not to be, and to become; 2, Categories of quality,—substance, 
accident, and mode; 3. Categories of relation,—cause, effect, and 
action and reaction; 4. Categories of quantity,—universality, multi- 
plicity, and unity. The logical categories are possibility, actuality, and 
necessity. [Carecory.] The es, on account of their variety, do 
not admit of being classified, yet we may divide them according to 
the senses, into shapes, colours, sounds, smells, and tastes, and into the 
different modes of feeling. 

Form is di ed from the real nature of things, and, considered 
in this point of view, the idea of form is practically used in common 
speech and in science. Thus we speak of,a form of law, a form of 
government, a beautiful form, a logical form, &c. Whoever esteems the 
form of ey more highly than the thing itself, or through narrow- 
mindedness confounds the one with the other, is a formalist, as many 
learned men and official persons are. 

FORMA PAUPERIS. By stat. 11 Hen. VII. every poor person 
shall have original writs or subpoonas, without paying for writing or 
sealing the same; and the judges of all courts of record, where such 
suit shall be carried on, are authorised to assign clerks to write, and 
counsel and attorney to act for such person, without taking any 
reward. It is onary with the court et this indulgence, 
but it is rarely refused upon petition, suppo' by affidavit that the 
petitioner is not worth 5/. in the world after paying his just debts, 
exclusive of his wearing apparel, and the right to the matter in con- 
troversy, and by a certificate by a barrister that he has good cause of 
action or suit. The Court of Chancery has from an early period 

itted parties to sue and defend as paupers upon the same con- 
itions as the courts of law, though in that court, it seems, if the 
party be in possession of the subject matter in dispute, and that should 
worth more than 5/., he cannot except it in his affidavit, and there- 
fore will not be as a pauper. The privilege may be granted 
either at the commencement of the suit, or at any period of its progress, 
but if granted during the pendency of the suit, it has no retrospective 
effect, and the party is not relieved from the costs previously incurred. 

A person allowed to sue in formd pauperis pays neither for stamps, 


dis- | nor fees to the officers of the court, but if he obtains a verdict with 


ea oi above 5/., the officers take the fees. In case of improper or 
vexatious conduct on the part of the pauper, the courts will deprive 
him of the privilege, which is called dispaupering him; but it seems 
that in such cases a pauper plaintiff is never ordered to pay costs to the 
defendant, though, according to Blackstone, a pauper, if non-suited in 
his action, formerly had his election either to be whipped or pay costs. 

FORMEDON (a compound of the two Latin words formam doni), 
one of the many writs in use under the old law for cg reeging Je real 


action, before the more convenient mode of titles to land by 
ejectment was established. [Esxorment.] It was t tiliar remedy 
of a tenant in tail, who claimed per formam doni, the highest he 


could have, and was therefore called tenant in tail’s writ of right. The 
writ of right was granted to such only as claimed the fee simple, for 
which reason the statute De Donis (Westm. 2, 13 Ed. I.) gave this writ 
to tenants in tail. Together with all the others used for the com- 
mencement of real actions, it was abolished by stat. 3 & 4 Will. IV 
¢, 27,8. 36. 
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FORMEN,. [Meruayt, Hydride of.) of defence with relation to the arms then newly introduced ; 
and the result of their labours was the construction of numerous 


FORMIC ACID. [For«yz.] 
FORMIC ETHER, oars, 
FORMUL, CHEMICAL. [Cuemican Formvu.a.] 

FORMYL, This name was originally to a hypothetical 
radical (C,H) supposed to be contained in formic acid, chloroform, and 
other bodies, but it is now exclusively used to denote the oxyge 
radical of formic acid (Cro t )- This radical is unknown in a 

. 
separate condition, but in combination with oxygen and water it 
constitutes— 

Formie acid, C,HO,HO, which originally obtained its name from 
having been found present in the red ant (Formica rufa). Hence also 
the name of the radical formyl. This acid may be procured from 
methylic alcohol, C,H,0+HO, by the loss of two equivalents of 
h , and the — of two we oxygen. J may also be pro- 
cured by mixing starch or sugar with peroxide of manganese, water, 
and sulphuric acid, and distilling, It is formed also under a 
_— variety of other circumstances. It unites with lead, forming a 

jate of lead, and from this, formiate of soda may be procured by 
the addition of carbonate of soda. It unites freely with most of 
metallic oxides, and many of the salts when heated in closed vessels 
off carbonic acid and carbonic oxide, leaving the pure metal. 
unites also with ammonia, the salt thus formed containing the 
elements of h; ic acid and water. 

It is the first or lowest member of the important series of Farry Acips, 

Formy] also enters into the composition of the following compounds :— 


Formic ether (cin. *}°.) may be obtained by distilling a mix- 


ture of formic acid and alcohol ; but it is much better procured by | proposed 


distilling a mixture of 10 parts of concentrated sulphuric acid, 7 of 
formiate of soda, and 6 of alcohol. The distilled product should be 
mixed with water to separate the alcohol which it contains, then 
agitated with magnesia to saturate any excess of acid, and lastly, freed 
from water by distillation with chloride of calcium. This is Débe- 
reiner’s process. ; 

Formic ether is a colourless liquid, of a strong odour, resembling 
that of kernels ; its taste is apes Its sp. gr. is 0°915 at 
65°, and it boils at 132° Fahr. It mixes with hol in all pro- 
portions; but water takes up only jth of its weight; and after 
some time the solution is found- to be converted into a mixture of 
alcohol and weak formic acid; this ether burns in the air with a blue 
flame, the edges and point of which are of a bright yellow. 

Formobenziilic acid (C,,H,,0;,). A composite acid, which stands 
in the same relation to the benzoic series as lactic acid does to the 
acetic series. 

Formanilide, Phenyl-formiamide (C,,H,NO,). One of the products 
of the action of heat upon oxalate of aniline. [ANILIDEs.] 

FORMYLIA. An organic base so-named by Cléez, but which has 
since been proved by Hofmann to be ethylene-diamine (N,C,H”,H,). 
It is formed by the action of bi-bromide of ethylene upon ammonia. 

FORNAX (Constellation), the Chemist's , one of the 
southern constellations of Lacaille. It is situated immediately below 
Cetus. It does not contain any stars of conspicuous brightness, 

FORT is the term applied to any enclosed field work, or small 
permanent work. It is however often very loosely applied. 

FORTE (Italian strong, loud), a musical term, directing the per- 
former to sing or play loudly, with strength. 

Fortissimo is the superlative of Forte. 

FORTRESS, a fortified city or town, the works of which are such as 
to require an attack in form, or are capable of resisting an attack de 
vive force. 

FORTIFICATION is the art of constructing works for the protec- 
tion of a town or military position; the object being to enable a lesser 
force to be a match for a greater from the advantages of its position. 
Or, a8 in the case of offensive fortification, such as siege works, to 
increase the power of the assailants. Fortification has, therefore, been 
divided into two parts, permanent and field, the former vicaae 4 
such works as are intended to last for many years, and the latter suc! 
as are hastily executed for the defence of a position of an army in the 
field, or the attack of a fortress. 

The principles which regulate the general plan of the works con- 
stituting the fortifications of a town or t military post, have at all 
times been nearly the same. Among Ga ancients, with me refed 
exception, the po lygonal wall surrounding a place was provided wi 
towers projecting from it at intervals towards the front; and a barba- 
can, or outwork, consisting of two or more towers, connected by walls 
like those of the fortress itself, was ly constructed on the 
exterior side of the ditch and opposite a of the town, in order to 
protect that entrance and the bridge leading to it. The towers and 
walls about an ancient town correspond to the bastions and curtains 
forming the enceinte of a modern fortress, and the barbacan may be 
considered as the counterpart of its ravelin, or principal outwork. 

The necessity which the nations of Europe were under of remodelling 
their fortified towns in consequence of the change produced in the art 
of war by the invention of gunpowder, gave occasions for the engineers 
of Italy, France, and the Netherlands to emulate each other in de- 
vising the most advantageous methods of disposing the works for the 
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each other within the effective range of musket-shot. 
the contrary, were characterised by small bastions, 

receiving artillery, and 80 
very imperfectly. But after the terminatio: 
d the country, the attention of the 
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fortifications. The citadel of Amiens was built according to the 
by this officer, who, in 1594, published a treatise on pe 

tion, in which some effort is made to determine the princi 

should the forms and dimensions of the : method, 

however, is only a faulty modification of the Italian. 

In the method pro by Errard the bastions are much 
than those of the earlier time, the length of their faces 
present, about one-third of the distance between the salient 
two collateral bastions; an orillon occupied nearly 
length of each flank, which was very short, and formed 
about siete» the apace oes direction to hay 

iven to the flanks er that the guns behind their parapets 
be as much as ible concealed from the view of the 
counter-battery ; but it is evident that the defenders of 
flanks, laying their muskets ee ee 
eh spares would almost inevitably, 

other, or upon those who were 


De Ville, who composed a treatise on fortification in 1629, made 
several improvements on the method proposed by Errard, the principal 
of which were an augmentation of the length of the see 
pendicular direction of the latter with respect to the curtain ; 

a better defence was obtained from the flanks, and the evil — 
above mentioned was diminished. But a still greater amelioration was 
made by Count Pagan, who, in 1645, proposed to make each flank [see 
the half-front of Fortification between F and &, fig. 1, Bastion] per- 
pendicular to the produced face of the collateral bastion ; the reciprocal 
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improvemen' 

the demi-revetment, are to be found in Castriotto’s work, pu 

Venice in 1564: they have, however, on account of their numerous 
inconveniences, ever since been discontinued. . 

ing the reign of Louis XIV. a general 


During reparation or recon- 
struction of its fortresses was ordered by the French government 


and 
into execution, the ening and improving 300 
building of 33’ new ones, together with the merit beco7s gs in the 
conduct of fifty-three sieges, ei iven that engineer so much celebrity. 


e rampart; thus 
red the construction to a few simple precepts which were appli- 
cable to places of all magnitudes. These precepts being founded on 
the uses of the works may be justly considered as constituting a 
system of fortification, though many of his works are found in older 
writers; and from that time to the present scarcely any deviations 
have been made from them in the construction of great fortresses. A 
brief outline of the m will therefore be here given. [See the half- 
front of ingyen whee Gand x Lo. 1, Bastioy.] kA 
The length o: side, as FR, of a polygon supposed 

surround the town or position, is od Se 20 to 400 yards, he J 
about 380 yards, in order that all the parts of the rampart on 
front of the enceinte might be within the range of the arms 


in the defence, but more especially that the faces of the ons 
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should be within range of the flanks. This for the old smooth-bored 
musket would have required a range of 180 to 200 yards, but this being 
i from the relief required in the bastion, and from its 


the ion too small, the length is determined by 

> the of rifles, wall pieces, and grape shot, which is about 300 yards. 
Now being supposed to be placed on the flanks, as at e orf, 
might be employed to oppose the formation of the ter-battery at 


yards), we have 260 yards for the length of ex or fF, which is called 
the line of defence. This is also the distance of x or F from the 
shoulder of the collateral bastion; and if we add to it the length of 
the face of the bastion, which is 103 yards, or 2-7ths of xF, in order 
that, in the inferior polygons, the bastion may have sufficient capacity, 
we obtain about 380 yards for the distance between the salient points 
F and x of the two bastions; and it may be observed, that a few yards 
more or less in the dimensions need not be 
The directions of the faces of the bastions on each front coincide 
with lines drawn from the angles £ and F of the polygon, through the 
pees eepensceia: Jeb ly Som the i of the line EF 
equal to one-sixth of that line; and each flank is the 
chord of an arc, described either from the opposite angle £ or F of 
, or from the nearest shoulder of the collateral bastion, 
asacentre, By this construction the flank is rather greater in length 
than the enemy's counter-battery, which is necessarily limited by the 
oes glacis and the prolonged face of the nearest bastion ; 
it is nearly perpendicular to the direction of that face: the reason 
i so is, that a man on the flank, placing his 
line of parapet, will thus be able to fire 
which may be made in the face of the 
curtain is determined by a line joining the 


indicates the directions of the faces, flanks, &c., of the works, is called 
the magistral line; it forms the exterior side of the ramparts in fig. 1 
incides with the cordon, or projection, at the top 


determined by the necessity of 
the formation of the ramparts and 
by giving the escarp the least height 
This for the main 


The in the ravelin are described 
eeetieenw seeeoenite, one Dalt by = che ne Pier 
merely necessary here to say, that its plan is determined by using the 
formed by the i lines of the flanks 


i 
e 
; 
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, describing arcs ; 
determines the salient angle of the ravelin; the magistral lines of its 
faces tend from that intersection to the points just mentioned, and 
terminate on the counterscarp of the main ditch. 

The traverses in the covered way were proposed by Vauban, in order 
to diminish the effect of the ricochet fire of the besiegers, which 
Vauban was the first to employ in the attack, in which he was even 

_ more famous than in the defence, being the first to give it that decided 
superiority which it has ever since maintained, and one of the principal 

the ricochet fire. He was the first engineer who 

places of arms, as they are called, at L, in the re- 

covered-way, in order to obtain room for assembling 

crossing fire of musketry from their faces 
in front of the bastions and ravelins, 

reliefs of the several ramparts of a fortress is no 

to 
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imagining 
I glacis a point 3 or 4 
feet vertically above the crest of the latter, that is about 11 feet above 


enemy's trenches withou 
The crest of the enceinte thus determined will be about 18 feet 
above the ground, and that of the ravelin about 3 feet less. , 

The tenaille, p, jiy. 1 [Bastion], will be described under that word ; 
but it may be mentioned here that the relief of this work is determined 
__ by the consideration that, while it should be high enough to mask the 

ee aeeeee ee ens} we men stationed on it to defend the 

should be below the lines of fire from the flank of one bastion, 


4 


when directed to the foot of a breach supposed to be made near the 
shoulder of that which is collateral to it, in order that they may not 
be injured by that fire. 

As Vauban had occasionally to adapt works constructed according 
to the principles above mentioned, to the old fortifications which then 
existed, the particular method employed in disposing them acquired 
the denomination of his second system; and when, subsequently, he 
fortified Neu Brisach, some few modifications which he was led to» 
make gave rise to a new distinction, the works of that place being con- 
sidered as forming a third system. In both these systems the bastions 
V, fig. 3 [Bastion i are separated by a ditch from the enceinte; and 
this circumstance is so far advantageous, that the place would not be 
compelled to surrender immediately upon those works being taken by 
the besiegers. The enceinte consists of a long curtain, either quite 
straight or broken by two short flanks ; and at the angles of the polygon 
are small bastion-towers of masonry (rT, jig. 3), in whose flanks are 
formed casemates to contain artillery for the defence of its ditch. 
This great engineer died in 1707, at the age of 74 years; and, from 
ai time, the French fortification has been to a great extent that of all 

urope, 

It would be improper in this place to omit the name of Minno, 
Baron of Coehorn, who was born in the year 1641, the year preceding 
the birth of Vauban, and who in the service of the United Provinces 
acquired a reputation scarcely inferior to that of his great rival. In 
the year 1692 they were directly opposed to one another, Coehorn ° 
defending Namur against Vauban, who conducted ‘the attack. His 
system, or systems, as he in his treatise describes three, are essentially 
adapted to aquatic sites, such as those of Holland, and he applied them, 
with the modifications required by the ground, to Nimeguen, Breda, 
Manheim, Namur, and -op-Zoom. ‘Tilbury Fort is also on his 
system. The outline of the plan differs but little from that of his 
rival's great system, but the shoulders of the bastions are strengthened 
by large towers, or orillons, containing casemates. ~ In the interior of 
each bastion is another, on a higher level, and on the exterior is a 
counterguard, consisting of two faces, parallel to those of the bastion, 
A large ravelin, inclosing a redoubt on a higher level, is placed before 
the curtain, and the whole is surrounded by a broad covered-way, 
whose places of arms are retrenched by brick redoubts. The plane of 
site of the works is assumed to be 4 feet above the level of the water, 
which allows the system to combine the advantages of wet and dry 
ditches. When the wet ditches are employed the expense of the revet- 
ment is saved,and the dry ditches which separate the unrevetted 
pn from the principal works afford the garrison a great advantage 

resisting the besieger while defiling from his bridge across the wet 
ditch to attack the inner works, which have a sufficient revetment to 
resist an assault without ladders, but are still low enough to be pro- 
tected from distant fire. The terrepleins, as well of the bastions and 
ravelins as of the covered-way, are sunk below the natural surface of 
the ground, so that it would be impossible, in the marshy soil on which 
the fortifications are supposed tu be constructed, for an enemy to dig 
trenches there in order to form covered approaches. The terrepleins 
of the principal works are also well defended by fire from the covered 
— which cross them, or which are formed within the masses of 

ie ram 

It should be observed that the salient points, £, r, &c., of the bastions 
and ravelins in Vauban’s system being nearly equally distant from the 
centre of the place, the trench executed by the besiegers to connect 
the glacis before the former works will also connect that which is 
before the latter; and that, in consequence of this construction, 
breaches may be formed, and assaults made, at one time, in the enceinte 
and outworks. With the view, therefore, of preserving the former 
untouched till some time after the ravelins may have been taken, the 
French engineer Cormontaingne proposed, about 30 years after the 
death of Vauban, to advance the salient points of the ravelins as much 
as possible, by increasing the length of the faces to the utmost limit 
which a regard to the due magnitude of the flanked angle will admit. 
Thus the magistral line of his ravelin is determined by directing its 
faces on the faces of the collateral bastions, at 22 yards from the 
shoulders ; and its salient or flanked angle by the intersection of the 
perpendicular Bene of an are described from one of these points 
as a centre, and the shoulder of the opposite bastion as a radius. By 
this construction it would become impossible for an enemy to crown 
the nae of a bastion till he had got possession of the two collateral 
ravelins, on account of the fire which, from these, might be made upon 
his ap’ hes between them; and the fall of the place would be 
dela; cd by the time spent in conducting the approaches from the 
ravelins to the intermediate bastions. 

In order that this benefit might be obtained in the highest degree, 
Cormontaingne suggested the propriety of fortifying places on polygons 
of the superior kind, and even, when possible, of constructing two or 
more fronts of fortification on one straight line; this practice would 
have the additional advantage of rendering the flanked angles of the 
bastions very obtuse, by which, not only would the increased capacity 
of those works permit stronger retrenchments to be formed in them, 
but the faces being produced outwards, would tend to points on the 
faces of the ravelins, and thus would be completely secured from the 
enfilading fires of the a 

Besides the above general modifications, Cormontaingne made several 
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ts in the details of the works. He made the flanks exactly 


sake of a more complete flanking defence. He made the terrepleins of 
poe etapa er 8 Daren Pept mee: Rei As the 
redoubt in the 


80 yards to an inch. 


a. Solid Bastion; », Hollow ditto; x, Retrenchment; r, Tenaille; @, Caponniére ; aa, Ravelin; 4 Redoubt in ditto ; tL, Re-entering places of Arms ; ait 
w w, Redoubts in ditto; n x, Covered-way ; t ¢, Traverses; s 8, Glacis; z, Barbette battery, 


Cormontaingne’s system, to which the name of French modern 
system was for some time applied, has at various times been modified 
in many of its details, especially by the French engineers at their 
schools of application (formerly at Mezieres, and now at Metz), and at 
the present time the term of Modern System is applied to one which 
may be considered as the most perfect Bastioned trace, and which is 
taught in the French engineer schools as the normal bastion trace, 
The proportions given by Cormontaingne to the enceinte are retained 
with the exception that the flank is increased by directing the 
of the faces of the bastion to the angle of the flank of the aghatel 
line instead of to the interior crest, The saliency of the ravelin is 
however still farther increased, and it is in this that the principal 
modification of the modern system lies, bd directing its faces on the 
faces of the bastion points 36 yards from the shoulders, and giving the 
salient or flanked angle the saliency possible, allowing it in fact 
only an opening of 60°, which is the least adcninaible, The ravelin being 


thus enlarged allows of a larger redoubt, though the terreplein of the | by 


ravelin, which Cormontaingne only considered a species of counterguard, 
is also increased. A permanent coupure is made across each face of 
‘the ravelin at the point where a perpendicular from the extremity of 
line of the nearest face of the redoubt of the covered way 
cuts it in order that the besieger may not by ing along the face of 
the ravelin, and thus be able to see into and drive the defenders out 
of the redoubt. The greater saliency of the ravelin allows of four 
traverses in the covered way instead of the three, according to 
's system. 
The modern system however has some important defecta, among 
which the principal are that the ravelin and its covered way present 


Salient of bastion .  .  « « 26} fect decreasing 1 foot to flank of do, _ 
paces area . 4 uw ie ot hag | 
Salient ravelin . . “ extremity 

Redoubt in Re-entering place of arms 14 * a 


Covered-way =. . . 7. 9 


long lines easily enfiladed, and the faces of the bastion may be breached _ 
by the best r firing down the ditch of the ravelin from his breaching 
battery on the crest of the glacis at its salient, even more easily than 
in Vauban’s first system. asa atv 


each face, and raising it 44 feet above the plane 


large d at the salient of the latter by laying off 45 
cach face, and Blane of alte or lovel 
y screens the faces velin 
from enfilade fire, the inner face and ditch of the redoubt of — 
: ve 


sim Gconalind siatiasiei cedar not to give the Aameaaenien Corr aes , 
lich ts drive the defender rom the rodutt of covered way and — 
the coupure of the ravelin, which are in’ to be held till the last, E 
Soon after the commencement of the revolution, Bousmard, 
officer, who had entered the service of the of Prussia, proposed : 
curve the faces of the bastions on the plan, anise to daiouie or 
prevent the effect of the ricochet, and to build casemates in the flanks 
of the teatliins fon Soe more defending the main 
ditch. His traverses in covered way are little redans, each — 
being a little retrenchment having a separate communication with the 
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in ditch. But his principal improvement consisted in extending 

_ the covered way and glacis along the whole of the enceinte, and in 

ravelin with its proper covered way and glacis on the 

exterior; in consequence of which disposition it would become 

pssible for the besiegers to breach the bastion by firing along the 

itch of the rayelin, while the latter would possess all the advantages 

attending bw} greatest pomatig avlonsy, The ideas of Bousmard 

respecting disposition of the ravelin were adopted by General’ 

eee se Labat, in the works which he executed, by order of 

, to strengthen the fortifications of Alessandria ; and the 

Same engineer constructed a strong polygonal redoubt of earth in each 

of the places of arms before the flanked angles of the bastions and 

rayelins, in order to increase the quantity of crossing and reverse fires 
in front of the works. 

The last modification of the bastion system which it will be 
necessary to mention, is that proposed by Choumara, who, partly to 
_ diminish the pressure of the parapets on the escarp revetment, and to 
_ render the formation of a practicable breach more difficult, and partly 
to a close fire of musketry into the covered-way, suggests that 
a terreplein, like the old chemin des rondes, but with a slender breast- 

work to protect the defenders, should be left on the exterior of the 
9 The same engineer recommends that the flanks of the 

ras should be lengthened by continuing them within the line of 
the curtain, and that they should have a greater relief than the latter, 
in order that a fire of artillery might be directed over it against the 
works of the enemy : he perpen also that a glacis of earth should be 
raised in the main ditch, high enough to mask the foot of the escarp 
revetment, and prevent it from being battered by a fire of artillery on 
the crest of the covered way. 

As early as 1640, Dillichs, in a work published at Frankfurt, 
proposed a method of fortifying places, which consists in surrounding 
them by lines of rampart forming with each other a series of angles 
alternately salient and re-entering, being in facta Tenaille system ; and, 
subsequently to the time of Vauban, a few other projects of a like 
nature have been su The most remarkable of these is that 
which was published in 1776 by the French General Montalembert, 
who entitles his method ‘ Fortification Perpendiculaire.’ Its outline 
on the plan is a series of the sides of equilateral triangles formed on 
those of a dodecagon inclosing the place; the re-entering angles being 
consequently right angles, and, as the general has developed some 

useful ideas concerning the interior defence of a place, though no 
- existing fortification affords an example of the method, a short descrip- 
tion of it may with propriety be given. 

Three parallel ramparts of earth, of the form above indicated, and 

from one another by wet ditches, surround the place: the 

_ berme at the foot of the first and third is protected by a simple wall, 
and that at the foot of the middle rampart is covered by a loop-holed 
gallery on 
way, 


a 


its whole length, Beyond the outer ditch is the covered- 
angles are fortified by strong redoubts. In the 
angles of the two interior ramparts are formed casemated 


whose 
re-entering 


, a circular redoubt, or tower, of brick-work, carrying several 
, is intended to defend the interior rampart, if, at length, 

t be forced. The merit of this system is supposed to consist 
chiefly in the powerful fire which the casemates would afford, as from 
situation, they would scarcely be injured by the enemy; in the 
malty which the latter would experience in getting over the de- 
d walls; and in the great force which the defenders, by means of 
the spacious communications, might bring up to oppose the assailants. 
I the existence of the first French empire, the celebrated Carnot 
h to restore the balance between the attack and defence of 
forts which the inventions of Vauban had made to preponderate 
greatly in favour of the former, by means of powerful sorties from the 
Place and an abundant i of stones and balls from mortars fired 
at considerable angles of elevation; thus annoying the besiegers in 
te trenches, and either putting great numbers of their men hors de 
- eee compelling them to recur to the slow process of blinding 
‘their . Adopting, in his method of fortifying places, the 
ro Cormontaingne for the plan of his bastions, but making 

of his front of fortification equal to 480 yards, he 
from the enceinte, which he made to consist of 
rampart of earth. In rear of the tenaille between 
s he placed a fausse-braye, whose exterior side was to be 
_ protected by a casemated tower at each extremity; and, behind the 
ree of each bastion, he formed a row of casemate vaults, in which 
mortars were to be placed for throwing stones, &c. into that work 

_ When gained by the enemy. Adopting also the ideas of Montalembert 
S detached walls, he » propeaed to surround the enceinte by 
one, which was to be loop-holed in order that a fire of musketry might 
_ be made from it, and to construct a similar wall before the faces and 
flanks of the bastions. The bastions were to be covered by narrow 


pa oy oa a cavalier, or lofty redoubt, in front of the tenaille, 
was to d the collateral oon oh both bastions and counterguards ; 
large ravelins were to cover the central parts of the fronts of fortifica- 
tion and afford crossing fires on the ground before the bastions; while 
mortars placed on the faces of the work and on the barbettes at the 
angles were to discharge their missiles over the parapets, A ditch 


surrounds the whole, and its exterior side is made with a gentle slope 
from the bottom to the level of the natural ground in front, for the 
purpose of facilitating the sorties; the corresponding facility which 
the enemy might haye for descending into the ditch b disregarded 
on account of the supposed impossibility of aiateining ime there 
under the hail of stones and shot from the works. 

It was supposed that the detached wall, being covered as before 
mentioned, would present an impassable obstacle to the assailants; but 
an experiment made at Woolwich in 1824, proved the possibility 
of breaching it by a fire of shot and shells, directed over the parapet 
of the counterguard, from artillery of great calibre, at the distance of 
400 yards from the latter work. The efficiency of the vertical fire, as 
it is called, of stones and shot from the works has also been contro- 
verted, and experiments haye been made which seem to prove that 
the momentum acquired by the missiles in their descent would not be 
sufficient to do serious injury to a man on whom they might fall, if he 
were protected by a proper head-piece. 

We now come to what is variously termed the polygonal, right-lined, 
German or Prussian system. It has of late years been much adopted 
by German engineers, but has never yet been tested by an actual siege. 
Instead of the ramparts of the enceinte being broken up into bastions 
and curtains, they follow the lines of the polygon and are flanked by 
projecting masonry works called caponnidres, something like Vauban’s 
tower bastions, or Montalembert’s casemated batteries, from which they 
are taken, The lines of defence may be about 300 yards, so that 
placing the caponniére in the centre of the side of the polygon this 
may be taken at 600 yards, The caponnitre, projecting about 35 yards 
from the exterior, will contain 12 guns in 2 tiers of casemates on each 
side, that is twice as many as an enemy can place in a breaching bat- 
tery against it; and if built with an interior court for ventilation 
would be about 30 yards in width. The caponniére is covered in front 
by a simple counterguard, or by a strong ravelin, and its sides flanked - 
by gun casemates in the enceinte, the ravelin being flanked in the 
same way, or by casemates at its gorge. The detached escarp has 
commonly been employed in this system, of which perhaps the best 
example is Fort Alexander at Coblentz. 

Besides these already mentioned, many ingenious systems have been 
adyanced at various times, among which may be mentioned one by 
Lieut. Cook, late Professor of Fortification at Addiscombe College ; 
Mr. Bordwine’s system, and, still later, a further development of this 
latter by Mr. Fergusson. Mr. Fergusson’s system has of late received 
so much notice from the able manner in which he has advocated it, 
that it would appear to require some description in this place ; but in 
the limits of this article, though some idea might be given, it would 
be impossible to do it justice; the reader is therefore referred to 
‘ Fergusson’s System of Fortification.’ It may be remarked, however, 
that ingenious as it undoubtedly is, and remarkable as are some of the 
ideas propounded, it has not attracted any large amount of support 
from engineers either in England or on the Continent; and though 
the author appears to attribute this principally to professional jealousy, 
&c., it must be acknowledged that it could hardly be carried out in its 
entirety, nor would it be likely tg fulfil his anticipations. It is neces- 
sary to guard against the idea, in discussing the system, that the 
Russians employed it, and with such great success, at Sebastopol. 
This confused idea appears to have originated from the fact that Mr. 
Fergusson proposes a huge mound of earth divided into numerous 
parallel ramparts, and that the Russians used earth-works, though the 
former proposes to sprinkle his ramparts pretty freely with casemates, 
and the latter used unrevetted earthworks because they could make 
no other, and followed the ordinary plans which have been followed 
for centuries in field fortifications or entrenchments; never raising tier 
above tier of guns, except where occasionally one battery erected 
behind and on considerably higher ground fired partially over one in 
front. This may be easily seen by a very cursory inspection of the 
plans. The immense duration of the siege of Sebastopol is easily 
accounted for, when we remember that a large and powerful enemy, 
never numerically much inferior and occasionally superior to that of 
the allies, was defending in a naturally very strong position one of the 
largest and best supplied arsenals in the world, from which they ob- 
tained guns and ammunition in greater numbers, and of larger calibre, 
than the allies had, almost to the last, to bring against them; that 
their rear and communications were open, so that casualties could be 
replaced; that they had a powerful fleet in their well-fortified har- 
bour, and a great number of the ships of which being sunk supplied 
them with artillerymen; that they had a large army of observation 
in the field constantly harassing the allies, and threatening, by such 
sorties as at Inkermann, to raise the siege ; and, lastly, that even on 
the approach of the allies on the south side, they had sufficient per- 
manent works, as the crenelled wall on the west, the central bastion, 
the Malakoff tower, &c., with their ships, to make a coup de main 
hazardous, if not impracticable, and thereby by obliging the allies to 
make batteries and bring up guns to destroy these, giving themselves 
time, which they certainly availed themselves of, to erect counter 
batteries and perfect their defences. 

It is scarcely probable that any existing fortresses will be demolished 
for the sake of the advantages which would result from a re-con- 
struction according to any of the methods which have been proposed 
since the time of Vauban; but, on any future occasion which may 
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present itself for fortifying a town or military of my agen it 
may be found convenient to adopt some rat dscoobrt the 
struction of the works. Thus, general system of Vauban, with 
the modifications by Cormontaingne, being retained as the 
basis, casemates, like those of Montalembert, might be formed in the 
re-entering angles of the enceinte or tenailles, and detached walls or 
galleries for musketry in some of the dry ditches : detached ravelins, 
Bousmard, may be constructed beyond those of the 
order to prevent the enceinte from breached at 

of the glacis; and a direct defence of the covered 
way may be obtained from galleries formed within, or on the exterior 
of, the along the faces of the works. 

In the attack of a fortified place it is evident that the loss of 
life fda beso much the greater as the defensive works are stronger 
and better combined ; and, in consequence, the necessity of — 
the approaches under cover to the last moment of the siege, wo 
become more urgent. 

For the works occasionally constructed beyond the glacis of a 
fortress, see FLfcue, Horn-work, Lunerres, and TENAILLONS. 

Of the works which fall under the denomination of field-fortifications, 
Brier-neaps have been already mentioned; Repans, Repovsts; 
and Srar-rorts are described under those words; and the combina- 
tions of works which serve for the protection of armies, that is, 
Field Fortification, under Loves oF ENTRENCHMENT. Small forts with 
bastions are uently employed in field-fortifications : their plan is 
similar to that of the enceinte of a fortress; but they differ from the 
latter in their size, in having low relief, and in the sides of their 
ditches being unrevetted, or only faced with sods. 


The limits of an article such as this, will only it of the most 


cursory notice of this complicated and intricate subject : the reader is | Boari 


therefore referred for er particulars to the standard works, such 
as Bousmard’s ‘ Essai Général de Fortification ;’ Dufour’s ‘Mémorial 


ur les travaux de guerre ;’ Carnot, ‘De la Défence des places fortes ;’ | Tra: 


ir John Jones’ ‘ Si in Spain ;’ Belma’s ‘ Sieges in Spain ;’ St. Paul's 
“Traité de Fortifiestion ;’ ‘Aide Mémoire (English) to the Mili 
Sciences ;’ Capt. Macauley, R.E., on ‘ Field Fortification ;’ Lieut.-Co! 
Jebb, R.E., ‘ Treatises on Defending Outposts,’ and ‘The Attack ;’ 
Straith’s ‘ Fortification, revised and re-arranged by Cook and Hyde, 
7th edition, &c. 
FORTUNE (Fortuna), in the Roman mythol 


, Was a goddess who 
was supposed to dispose, at her caprice, of 


e destinies of men; 


Fortune. From the statue in the British Museum. 


ing in 4 great measure to Tycue of the Greeks. This deity 


co 
did not figure in the more ancient systems of theosophy ; Homer does 


| were tried. 
stance the word forum is used metaphorically for a 
Nardini is of opinion, though without any show of au 
first forum, or Forum Romanum, at Rome, was 
Hill. The Greeks made their uare, with a double 


Romanum is situated in a narrow valley, not far from the Tiber, 
between the Palatine and Capitoline Hills. It sweeps round towards’ 
the Fora of Cesar and Augustus, which are between it and the larger 
Fora of Nerva and Trajan, all which, looking at their relative i 
were no doubt connected with it on 
extended nearly to the Fora Boarium and Piscatorium, which were 
near the Pons inus, now called Ponte Rotto: its exact limits are, 
however, uncertain. It was decorated with temples, statues, basilica, 
curie, rostra, triumphal columns, and arches, w! usurped the 
of shops, schools, and even private houses, that ‘ 
forum. In the forum were the rostra, or pulpits, decorated 
beaks of ships, whence the orators ed. According 
the rostra were placed in the middle of the forum; and 
Sulla caused the head of young Marius to be hung up before 
in the middle of the forum. Varro, in his fourth book, ‘ De 
Latina,’ places the rostra before the curia, which was near the 
tium, so that the orators would stand with their faces towards 
aged but Plutarch, in speaking of the Gracchi, states the reverse 
e case. 

The Comitium was placed near the Curia; three columns of 
former, commonly called the Temple of Jupiter Stator, still 
Nardini on the side of the Palatine Hill, in succession, 
Fabian Arch, Grecostasis, Senalum, Basilica Opimia, Edicula of 
cord, Temple of Romulus, Temple of the Dii Penates, Curia 
near which was the Comitium, Basilica Portia, Temples of Julius 
and Castor and Pollux. On the side towards the Tiber stood 
Temples of Jupiter Stator, Temple and Atrium of Vesta, Basilica 
house of Lucius uinius, the Temple of Victory. On 
of the Capitol were the Arch of Tiberius, the temples of 
Concord, and of Vespasian, the school of Xanthus, the Arch of 
which still remains, and the Tullian Prisons. On the north side of the 
forum were the office of the secretary to the senate, and the Basilica of 
Paulus Emilius. There are, however, but few remains ofa 
small number of these —- b mts the greater part have 
entirely disap 5 @ monumental column stands near 
4 eied tho Coun of Phocas, Besides these 
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and i 
2 Pompei, blished by the Society for the Diffusion of Useful Know- 
ledge, to’ whi . 

lendour of the accumulated architecture of the Forum and the 
Ca itol, and its vicinity. 

e forum at Pompeii was constructed in the Greek style, and has 
many Greek features. It is oblong, surrounded on three sides with rows 
of columns, forming, with the advanced columns of the various buildings, 
a colonnade or ambulatory ; above this there was a second ambulatory, 
if we may judge from the remains of stairs at several places at the 
back of the colonnade. The fourth side of the forum is inclosed with 
two arches placed on each side of a large ge abs called the 
Temple of j upiter, On the west side are the prisons an the granary 


the north. On the south it 
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with an enclosed court before it and the prisons; the Temple of Venus 
and the Basilica; and on the narrow side, opposite the Temple of 


ith an 
Jupiter, are three buildings 
ium : on the east side is an enclosure, the use of which has not 
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Plan of the Forum at Pompeii. 

1,1, Curia; 2, Zrarium ; 3, Chalcidicum ; 4, Temple of Mercury ; 5, Senaculum ; 

; 7, Temple of Jupiter; 8, Prison; 9, Granary; 10, Temple 

‘of Venus ; 11, Basilica. : 

been determined, the Chalcidicum [Cuatcrprcum], the Temple of 
Mercury, the Senaculum, and a building supposed to be a large eating- 
house, known by the name of the Pantheon, in front of 
which are the Tabernw Argentarix. The enclosed area of the forum 


Construction in wood and stone of the armostyle portico of the Forum. 
@, holes for the joists of the upper floor, 


was paved with large square pieces of marble, and the sides of the area 


were with statues. Opposite the curie and a short way from 
ARTS AND SCI. DIV, VOL. IV, 


generally considered to be the Curiz and’ 


them is a small triumphal arch. The forum was closed at night with 
iron-barred gates, and it does not appear that chariots were admitted 
into it, as the pavement of the streets terminates at the back of the 
colonnade. The columns of the ambulatory are of the Greek Doric 
order, and were being restored in the same style, though with better 
materials, at the time the city was destroyed. The columns were 
arzostyle, and the architraves were most probably of wood, as we may 
infer from their being destroyed, while the frieze and cornice of stone 
remain. 

FOUGASS, a small military mine, formed by sinking in the ground, 
to a depth not exceeding 10 feet, a box of powder, or one containing 
two or more loaded shells. The train of powder by which it is to be 
fired is contained in a linen tube, and this is frequently protected by 
being placed in a case of wood. A trench is cut in the ground to 
receive the train, but it is subsequently filled up. 

Fougasses are sometimes employed in the defence of field forts, 
and then they are formed under the glacis, or on the counterscarp, 
at the points where the assault is expected; in this case generally 
the train of powder is conveyed under ground to the counterscarp 
of the ditch, where the fire is to be applied; but occasionally this is 
done in the interior of the work, the train being then made to pass 
under the bottom of the ditch. c 

Sometimes a fougass is used to destroy a small work, in which case 
it is sunk within the mass of the rampart or parapet. 

A stone fougass or rock mortar is formed by excavating a shaft in 
the ground at an inclination of about 45°, and about 6 feet deep. A 
charge of powder of 50 or 60 lbs. is placed at the bottom of this, with 
a shield of wood 6 inches thick placed on it. The charge of stones is 
then thrown in. There may be about 4 cubic yards of stone, each 
stone or pebble not being less than half a pound in weight; a 
sufficient body of earth being placed vertically over the stones to make 
them take effect in the right direction, The charge is fired as an 
ordinary fougass. 

FOUNDATIONS. The surface which immediately supports a 
building is technically known under the name of its foundation, whether 
it be natural or artificial; and from this function arise the laws appli- 
cable to this particular branch of the arts of construction, namely, 
that, howsoever formed, the foundations of a building must not be 
susceptible of movement of any description whatever, after they shall 
have assumed the statical condition they were designed to assume 
when loaded to the fullest extent. It follows from the infinite varieties 
of the resistances of the apparent portions of the earth’s crust under 
the various forces exercised hy a building, that very great differences 
must prevail in the modes of dealing with foundations; and in addition 
to the difficulties attending this part of the science, other, and perhaps 
more serious ones arise from the circumstances under which the 
foundations themselves may have to be prepared or executed. They 
may, indeed, either be prepared in the open air, or under water, or 
without disturbing to any serious extent the natural compressible sub- 
soil; and they may be either wholly or partially natural or artificial. 

Natural foundations require little description here. They exist 
wherever the site upon which a building has to be erected is situated 
upon a homogeneous formation of sufficient thickness to render any 
lateral displacement of the bearing strataimpossible. The only danger, 
indeed, of this class of foundations would arise from the tendency to 
such movement, and it therefore behoves the engineer or architect. to 
inquire very carefully into the conditions of substratification, and of 
subterranean water-flow, which might be likely at any future time to 
develope ¢ in the statical conditions of the surface strata. 
Should there not exist any lower moveable beds, there are few rocks 
which may not be unreservedly trusted as foundations, Gravels, 
coarse sands, loams, and clays may equally be adopted, provided they 
be not unconformably deposited on the edges of a highly inclined basin 
of a rocky nature. Even soft alluvial deposits, when prevented from 
spreading laterally, may at times be resorted to as natural foundations ; 
but both in this case, and in the one in which diluvial formations 
occur on the edge of highly inclined strata, care must be exercised in 
the manner in which they are used. In fact, any stratum which will 
support a vertical weight equal to 30 pounds upon the superficial inch 
without sensible compression, after a month’s trial, may be considered 
fit to serve as the foundation of a building : provided always that there 
be no subjacent moveable strata. The lower courses or the footings of 
the building itself must therefore present a bearing surface proportionate 
to the resistance to compression likely to be met with in the natural 
foundations. Even when the latter are distinctly susceptible of vertical 
compression, there is, however, less danger from this cause than from 
their tendency to lateral displacement, especially when they are of a 
tolerably uniform character ; and it is for this reason that itis essential 
to isolate the bearing surface of any important structure from any 
irregular or permeable strata whose particles ania be displaced by any 
natural or artificial changes in the hydrographical conditions of the 
locality, As very few natural foundations are to be met with whose 
surfaces are sufficiently level to receive the footings of a building, it 
has been customary of late years to fill in their depressions (to regu- 
larise them, in short) by spreading a bed of concrete over them; and 
it may be received as a tolerably safe general rule, that every rock, 
gravel, or clay formation will resist a vertical crushing weight which 
may safely be brought upon the surface of the concrete itself. Of 
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course the resistance of that material will depend upon the nature of 
the lime or cement of which it is com ; but as, under ordinary 
circumstances, the concretes made with the moderately hydraulic limes 
fulfil all the requisite conditions, its resistance may be taken as the 
limit of the safety load it is desirable to bring upon a natural foundation. 
Vicat estimates it at about 30 pounds per superficial inch, after the 
lime has had time to set fairly. 

Foundations may be said he partially natural, when the inequalities 
of level of the ground on which the building is about to be erected are 
so great as to require that they should be compensated for by the 
interposition of some extraneous substance ; or when the resistance of 
the natural surface would not be sufficient to enable it to support the 
superincumbent weight. When the former of these conditions pre- 

, it is essential that precautions should be taken to obviate any 
danger which might arise from the movements of a different nature 
likely to occur in the natural and in the artificial portions of the 
foundations. When the latter condition occurs, the modes of dealing 
with the foundations so closely resemble the ones it is advisable to 
adopt with the more exclusively artificial class, that they are at once 
referred to it. Strata which are exposed to lateral displacement fre- 
quently require the execution of works of so complicated a nature, 
before a building can safely be erected upon them, that they can 
hardly be considered to belong to the category of the partially natural 
foundations, even when the natural surface of the ground is but slightly 


Artificial foundations are those which are required when the strata 
occurring at the surface of the ground, upon which it is proposed to 
erect a building, are of a highly compressible or of a moveable nature, 
and of such a thickness as to render it dangerous to bring a heavy load 
y them, and impossible to remove the bulk of the soft material 
which thus covers the harder substratum. These conditions usually 
occur in situations wherein the surface stratum is composed of alluvial 
matter, or upon the shores of the sea, of lakes, rivers, or in morasses, 
peat deposits, &c., and the ordinary difficulties attending the execution 
of foundations in such positions are increased by the necessity for 
dealing with the water which accompanies those deposits. The nature 
of the works required to form artificial foundations will therefore 
depend mainly upon the question as to whether or not it be n 
to execute them in the open air; and when it is possible to avoid 
laying dry the surface to be operated upon, it becomes important to 
consider the effect of the water upon the durability of the materials 
which enter into the composition of the artificial foundations them- 
selves, ; 

In such cases as those which occur near the embouchures of the 
Euro rivers, where in fact a fine alluvial clay, sufficiently mingled 
with sand to allow water to permeate the mass, commonly overlies a 
more ancient and denser geological formation, it is customary to form 
artificial foundations by means of piles or baulks of timber, which are 
driven vertically, wherever it is possible so to do, through the alluvious 
into the harder substratum. Sometimes these piles act merely by the 
compression they produce upon the ground into which they are driven, 
but as a general rule they serve to support the superincumbent weight, 
somewhat in the manner in which pillars would do in the open air. 
In the former of these cases, the number of the piles is the most 
important consideration ; and, as the resistance they have to overcoine 
in driving is insignificant, their shape is a matter of indifference ; nay, 
it may happen even that (as near I'Orient, where artificial foundations 
have established upon soft mud of practically indefinite thickness) 
it would be desirable to drive the piles with their butt end downwards ; 
—to trust, in fact, to the friction upon the sides of the pile for the 
limited degree of stability to be thus obtained. In the latter case, or 
when the piles have to transmit the weight to the resisting substratum, 
it is ni to proportion the length and the transverse section of 
the piles to the load, and to cut the driving end in such a form as to 
ensure their entry into the a stratum. As they have to over- 
come considerable resist in the course of their descent, they 
require to be shod either with cast or wrought iron, and to be hooped 
or bound with iron at the heads. The necessity for the latter pre- 
caution increases with the violence of the blows struck u the head 
of the piles; and it has been even found that when the Nasmyth’s 
hammer has been used, the mp ieee heavy blows at times either 
develope so rapid a compression of the fibres as to set the piles on fire, 
or they beat the heads into a mass. The piles are also occa- 
sionally exposed to be split, if the shoe should encounter any very hard 
substance in its descent. 

The description of wood used for piles ought to be a matter of 
serious consideration to the architect or engineer. Fir timber resists 
alternations of dryness and moisture better than either elm or beech 
(which are the other woods employed for this particular purpose); but 
if it should contain much sap at the time of its being driven, the fir 
will rapidly decay. Beech resists the constant action of water, but if 
it should be exposed to alternations of dryness it will rot; whilst elm 
timber presents an intermediate degree of durability under those cir- 
cumstances, The boring worms constitute, it may be observed, one of 
the most fatal sources of danger to piles driven in the districts where 
these creatures abound, and they have naturally exercised the ingenuity 
of both theoretical and practical men to devise some protection against 
them. Sometimes the whole surface of the piles is, for this purpose, 


ground rb is 
| then removed, just as is done in well-sinking ; and the interior is sub- 


possible to depend 


creasoting timber to some extent guarantees its immunity.  __ 
Piles are known by distinct names, ing to the ition they 
may occupy in a foundation. Thus, the piles which define the limite 
of the ground to be inclosed are known as the i When the 
space between the guage piles is filled in with other of the same 
scantling, the latter are nd dons ee but if they should be of less — 
thickness, they are called aoe oe All these pieces of timber are 
tied together with horizontal whales, or by cross * Generally © 


speaking, in foundations intended to support heavy structures upon — 
very 80! irate; ou inclotie of aiihias inaatin aasas ing is driven all 
round the intended situation; and then isolated piles, of about 12 or 
14 api pag Fac driven o eee vie 3 feet from pees, 
centre. m the projecting ese piles sleepers are and 
close slanklog ie sed todbinen At the present day, the heads of the 
piles and the sl are bedded in concrete, which is carefully rammed 
up to them, and led to receive the close planking. In many cases, 
also, in England, the ing is replaced by a layer of Yorkshire 
er In driving the piles, it is desirable to work from the outside, 
in ; because in that manner the compression of the ground pro-— 
duced by the mere act of driving the piles tends to increase the - 
of the bearing surface. No notice is taken, however, of the additi ¥ 
strength thus obtained ; but the load to be brought upon the piles is 
calculated as though they were intended bg doe bartonc in the 
air without any lateral support. Evidently, under these ci 

the safe load a pile may bear will upon the | pile 
itself. In practice, this consideration is frequently n and con- 
structors content themselves with the rough rules, “ that the — 
diameter of a pile should be 3th of its length, and that the safety-load 

of such a pile should be about 400 Ibs. on the superficial inch of the — 
sectional area.” Under no circumstances, however, should piles of less 
than 7 or 8 inches in diameter be used. 

The piles themselves are driven by several descriptions of engines, 
according to the resistance to be overcome, and also according to the 
magnitude of the work. If the piles have to be driven in soft uniform 
ground, such as that which is usually met with in the Fen districts of — 
the eastern counties, or in Holland, the old-fashioned ringing engine _ 
will suffice; but if the ground should become phar it may be 
necessary to use the heavy monkey worked by a crab, or the Nasmyth’ 
hammer, or the pneumatic pressure upon thesystem of Dr. Potts’s patent, 
or upon that of the adaptation of compressed air ; although perhaps the — 
two named methods of forming foundations are more particularly 
—_—* to tubular foundations than to piled ones. The weight of 

monkey used in ordinary ringing engines is about 12 ewt., and the 
fall attainable is about 4 feet or 4 feet 8 inches; in the case of pile- 
engines worked by machinery, the weight of the monkey varies from 
16 to 22 cwt., and the fall ranges between 12 and 18 feet; inthe 
Nasmyth’s hammers, the monkey is made from 32 to 45 ewt., but the 
fall does not exceed 2 feet 6 inches, But whatever may be the epee! | p 
adopted for the pile-driving, that operation must be continued un . 
the pile refuses to advance under a certain effort, dependent upon the 
nature of the effort itself. This is usually fixed, empirically, as follows: 
Assuming that the weight to be brought upon each pile is 25 tons, the 
pile is je ncraeageee G4 an ” when a t falling irty blows from a 
ringing engine, with a monkey of 12 cwt. falli a height of — 
4 feet, will not cause it to advance more than half an inch; dee. oh 
series of ten blows has been given by a m of the same weight 
worked by a crab, and falling through a height of 12 feet; or when 
a series of seventeen blows from a Nasmyth’s hammer, weighing 
34 cwt., and falling through 2 feet 6 inches, has been given, witho 
producing a greater advance. 

In the system of foundations known by the name of Dr. Potts’s 
patent, the piles at times act in a manner which makes that word 
inapplicable to them ; for they become, indeed, wells, or tubes, subse- 
quently to be filled in with concrete. Thus Dr. Potts used occasi 
small piles of wrought iron; but at other times, and as a matter of 
choice, he used large ones of about 6 or 7 feet in diameter ; but both 
the large and the small piles bore a continuous , instead 
of upon a point, as in the case of aaeny solid piles. The descent of 
the tubes was produced by the application of pneumatic ; 
there was fitted upon the head a cast-iron plate, the air was then with- 
drawn from the interior, and the pressure of the atmosphere upon the 
cap, forced the tube into the ground, until the air in the interior was ~ 
compressed sufficiently to resist the pressure on the cap. The earth — 
was then removed from the interior of the tube, and, when the 
latter had been sunk deep enough, the interior was filled in with 
concrete. 

A curious method of founding bridges upon deep sands is used in 
India, to which attention ma called here. It consists in sinking 
brick linings in all respects like those used in wells, and these 
are sunk in precisely the same manner, The brick-work is built 
a wooden curb, and the in the interior and upon the 
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filled in with rubble or with concrete. It is said that the 
rs carry on the operations of sinking these linings under 
of water. A good description of the mode of executing 
well foundations will be found in the ‘ Excerpt Minutes of 
the Institution of Civil Engineers, for May 12th, 1857, and in those 
for February, 1842. 
Booed or tan improvement which has lately been introduced in the 
4m of founding important structures, in situations wherein the 

_ natural surface of the ground was not adapted to receive them, is, 
oy the system adopted in founding the bridges of Rochester, 
1, of Aap Quarantaine at Lyons, Macon, Bordeaux, Kiel, and 


— these cases, large tubes were placed in the positions 
‘ for the piers, and an air-tight lock, or chamber, was formed 
through which the workmen and the materials were passed. 
within the tube was dredged out as far as possible by the 
 otmomaet and, the various valves being closed, the water 

through a syphon pipe by compressing the air in the inte- 

of one atmosphere (above that of the external air) 
found to be sufficient for this purpose; but, in order to 
any rising of the water, or any blowing of the sand, the air in 
ior of the cylinders was compressed to about three atmospheres. 
workmen then passed to the bottom of the seating, and removed 


in the interior was reduced to its normal pressure, the mere weight of 
the tube and the machinery upon it caused the tube itself to descend 
in a manner analogous to the descent of a well-curb. In the Rochester 
and Saltash bridges the tubes were sunk through the permeable, 
moveable strata until they reached the rocks able to constitute a 
natural foundation. In the Szegedin Bridge, however, the tubes were 
merely sunk so far as to obviate any danger ofjthe undermining of the 
foundations by the action of the river, and a piled bottom was formed 
in them to receive the concrete. In some cases the tubes were formed 
of wrought, in others they were of cast iron. 
One curious observation was made on the occasion of an accident to 
_ atubular foundation of this description at Macon. A barge drove 
against a cast-iron tube, and broke it ; and on attempting to repair the 
damage so done, it was found that, although the upper portions of the 
ing (which had been executed with mortar made of the 
hydraulic lime) had set, nevertheless the portions which had 
_ been immersed in deep water had not commenced to solidify. It 
would thence appear that there are some hitherto unexplained con- 
ditions, with respect to the solidification of mortar under great 
hydraulic pressure, to which the attention of engineers requires to be 


_ ‘The various descriptions of artificial foundations mentioned above, 
_ are supposed to be continued to such a height above the water-line of 
_ the neighbourhood, as to allow the superstructure to be erected in the 
ordinary manner. In tidal rivers or in streams to floods and 
of level, it is however often desirable to carry the 
bottom courses of the substructure to such a depth below the normal 
_ water-line, as to obviate any danger from the removal of the sand, or 
earth beneath them. If the depth requisite for this purpose should 
not exceed 8 feet,a simple dam of impermeable earth will suffice to 
protect the works, and to allow the workmen to lay the masonry in the 
dry. But in such rivers as the Thames, where the tide rises from 14 
to 18 feet, it becomes necessaxy to resort to the use of Corren Dams 
_ when it is required to carry the springing courses to any considerable 
_ depth below the {low-water line, A description of these structures has 
already been given; as also has been given a description of the 
Caissons so much employed in the course of the last century; but it 
“may here be added that the practice of engineers at the present day is 
_ decidedly to avoid the execution of either of these methods of forming 
-artifici: ions, on account of the expense of the former, and of 
of the latter. The system now most generally 
the site of the intended structure with a close 
out the interior very carefully, and to fill in the 
with piles or concrete. Evidently the stability of 
of this description must depend upon the depth to which 
ting is driven; it must be carried below the 
power of the river. 
has been very successfully substituted for 
plates, or sheeting, intended to inclose an 
yar me of this deseription of structure are to 
way Quay, the Victoria Docks, &c. 

i are to be erected upon soft compressible peat, 
and the hydrographical conditions of the district are not likely to be 
4 , It may suffice to inclose the whole area of the foundations 


e Care must, however, 
bey Saris rerale peat should not be subject to lateral 
that w! er compression may take place should 
forcedly take place in a vertical direction. The eating Ot some of 
German railways, peat of that 


|, carried over the immense 


country, are occasionally thus formed upon pillars of sand, formed by 


filling large square holes sunk through the body of the peat itself ; and 
in some other instances’ holes were bored through the peat, and sub- 
sequently filled in with sand. 

A method of forming artificial foundations was formerly much 
resorted to in the neighbourhood of London, and in other analogous 
positions, in which the superstructure was carried upon timber plat- 
forms so designed and put together as to distribute the weight 
over avery large area. The success of this system depends, firstly, 
upon the strength of the platform, which must be sufficient to resist 
the partial actions of the load; and secondly, upon the durability of 
the platforms themselves. If any change in the conditions of the 
moisture of the ground should take place, by improved drainage, or 
otherwise, the timber may rot, and of course the building erected upon 
it will be dangerously affected. This danger, it may be added, is far 
from an imaginary or theoretical one; for in the southern districts of 
London the changes made of late years in the sewerage have so 
modified the ordinary state of the surface strata, that the old timber 
platform foundations are generally decaying. 

Whatever may be the description of artificial foundations used, or 
whatever may be the character of the natural foundations resorted to, 
it is essential that the weight of the superincumbent structure should 
be distributed in the most regular possible manner, over the whole 
bearing surface of the foundations. It is for this purpose that the 
best builders make a practice of carrying the lower courses of their 
structures, evenly, under all the walls, and of executing them with 
the largest and most homogeneous materials they can obtain, The 
footings, as these lower courses are specially called, are made wider 
than the upper work, and even when large openings have to be made 
in the elevation, the weight thus thrown upon the piers, by the sides 
of these openings, is distributed over the whole area of the footings by 
means of inverted arches. In countries where brickwork is principally 
used, and where cement is accessible, it is often custo’ to intro- 
duce, immediately above the footings, a deep band of brickwork in 
cement, which serves not only to tie together the mass of the wall, 
but also to intercept the capillary action of the materials of the upper 
wall upon the moisture in the ground. Where, however, this system 
cannot be carried into effect, it is essential that precautions should be 
taken to ensure the strength of the masonry in this part of the 
structure, and to distribute the effort exercised upon any one portion 
of it over the widest possible area by the use of the largest blocks in 
the footing courses. These courses, it may be added, should be made 
to project on either side of the vertical walls, and to present a number 
of sets-off proportionate to the weight and character of the super- 
structure. The width or projection of each set-off should in no case 
exceed the height of the course itself; but perhaps the most 
important general remark to be made upon this branch of construction 
is after all that the materials used in the footing courses should be of 
the hardest and most impermeable descriptions, and those which would 
be the least likely to decay under the action of alternations of dryness 
and humidity. The durability of a building in fact depends so much 
on the measures which may be taken to prevent the absorption of 
moisture by the foundations, that it is impossible to exaggerate the 
precautions to be observed in the selection of their materials. [Limes ; 
MATERIALS FOR shinee A 

FOUNDING; FOUNDRY. Founding or casting is one of the 
mechanical arts which embraces all the operations of reducing ores, 
and of smelting and casting metals. There are various branches of the 
art; and some difference prevails in the minor details of the processes 
—as in iron-founding, brass- and bronze-founding, .cannon-founding, 
type-founding, and bell-founding. The finishing operations of chasing, 
burnishing, plating, &., are also parts of the founder's art. Under 
the names of the chief metals, as well as in such articles as Ben, 
Cannoy, Tyrx, &e., various processes of founding are described; in 
the present article we shall treat of the general features of the art, 
especially in connection with large iron castings. 

It is certain that the art of founding is of very high antiquity. 
From the passages in the Old Testament referred to under Bronzu, we 
find that Tubal Cain was skilled in working in metals, and that the 
arts of metallurgy were known and practised very extensively by the 
early Israelites. The extent to which metal-working was carried on by 
the ancient Egyptians, Assyrians, Phoenicians, Greeks, Etruscans, and 
Romans, and the excellence to which it was occasionally carried in the 
fine arts, are too well known to need further observation in this place: 
a general history of it, as a branch of sculpture, has already been given 
in the article Bronze, which also contains some notices from the 
ancient writers on the different methods adopted of solid hammer- 
working, hammer-work in plates, and casting; as well as on the 
varieties and composition of metals. In all the practical points of 
ancient founding our information is however very limited; the writers 
of antiquity having confined themselves, generally, to a description of 
finished productions, and leaving us little or nothing by which we can 
judge of the mode of working. L : : 

It appears that furnaces of considerable size, and producing a great 
tonnage of metal, were constructed in this country as early as the 
reign of Elizabeth; but it was not till the beginning of the 17th 
century that there was effected any great change in the character and 
im) ce of founding. Prior to that date all the operations of 
melting, &e., had been performed by means of wood fuel; but the 
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demand for various objects in metal was now so greatly increased that 
it was evident, first from the consumption of timber for the foundries, 
and next from the destruction of forests in consequence of the agricul- 
tural improvements which were taking place in various parts of the 
country, that this provision must soon prove insufficient to meet the 
wants of the trade. It was then that the attempt was made to bring 
coal into use; and it is curious at this time to know how much 
difficulty, first from ignorance of its real value in the operations of 
metallurgy, and then from prejudice against such an innovation upon 
the old habit of burning wood only (to which must also be added the 
interference with the interests of wood monopolists), was thrown in 
the way of its introduction. One of the earliest and most zealous 
advocates for its use, Dudley, had all his works destroyed, and was 
nearly ruined by the violence of his opponents; but at length the 
employment of coal was fully established; and from that time the 
“eh advance of the iron and other metal works of this country may 
ated. 

We have stated the chief reason for having recourse to the coal- 
mines for fuel to have been the apprehension that the supply of wood 
fuel would fail. It is important to bear in mind, however, that, but 
for this well-grounded fear, wood or charcoal would always have beer 
preferred for many of the operations ofjmetallurgy ; from its being less 
objectionable, as regards its chemical composition, than coal. The iron 
that is smelted in Sweden by wood fuel is considered a superior article, 
and is much sought after; and the smelters in this country find it 
necessary to char or coke the pit and sea-coal which they use, in order 
to adapt it to the purposes required. [Coke.] We shall now glance 
rapidly at some of the operations in the reduction of the ores of the 
four metals which are produced and worked im the greatest abundance 
in this country—iron, tin, copper, and lead : referring the reader to the 
articles under the names of those metals for further details. 

Iron is obtained from a very abundant ore in this country, namely, 
the common ironstone of our coal-measures. For the reduction of the 
ore to a metallic state it is necessary to add a certain quantity of lime, 
which acts as a flux; and it is worthy of remark that, while the ore 
itself from which the metal is produced, and the coal for smelting it, 
are found together, the limestone by which its reduction is facilitated 
usually abounds in the lower regions of the carboniferous strata. 
Sometimes, as in the great coal basin of South Wales, a bed of mill- 
stone grit capable of enduring the fire, and used in constructing the 
furnaces, is also found in connection or alternating with the iron ore 
and limestone. The first operation the ore undergoes is roasting. This 
is done in various ways, both in this and in other countries. Some- 
times it is conducted in kilns, sometimes on the ground in the 
open air. The first method is by heaping the iron ore on a mass of 
ignited coal. In the other, a thick Secuccas tipolivade broken in pieces, 
is placed upon a bed of coal, wood, or charcoal (on the continent 
wood or charcoal is always used), 6 or 8 inches thick, and covering an 
area of several yards ; upon this another layer of fuel is placed, and 
then another pile of ore, which diminishes both in area and thickness 
towards the top. The whole is then covered with small coal or char- 
coal dust till it reaches some feet above the und. The lower 
stratum of fuel is then lighted, and by degrees ignites the whole mass. 
In the course of a few days the ironstone becomes cool, and the 
sulphur, arsenic, water, and inflammable matter being driven off, it is 
fit for smelting. It is then placed in a furnace, with fuel and lime- 
stone in determined proportions. At Dudley, in Staffordshire, for 
24 tons of roasted ore, which affords a ton of cast metal, 19 cwt. of 
transition limestone are employed as flux. In the course of a few 
hours the whole runs down, and the iron is melted, and in that state 
is allowed to flow into furrows made in sand, where it forms what is 
termed pig-iron ; or it is poured into moulds where it forms the various 
articles of cast-iron ware. There are various sorts of cast-iron, but 
it is usually divided into three classes relatively to its colour and 
qualities, which are in this country called numbers one, two, three ; 
sometimes more descriptive names are given to the different qualities, 
as smooth-faced, gray, white, forge pigs, ballast-iron, &c., &c, Cast-iron 
is converted into bar-iron by smelting it by means of charcoal, when 
it is welded and hammered; of this there are also varieties, of which 
the toughest, called stub-iron, is used in forming fowling-piece barrels. 
It is made by inclosing old horse-shoe nails tightly in a broad iron 
ring, generally made of Swedish iron; a welding heat is then applied, 
and the whole mass is hammered till by degrees the nails and ring 
become completely united ; it is then drawn into bars, which make an 
iron of peculiar closeness, toughness, and malleability, These matters 
are further treated under Iron MANUFACTURE. 

The best ore of tin is found in Cornwall. It is commonly blasted by 
gunpowder, and is procured in pieces of considerable size, which are 
stamped to powder by beams shod with iron: it is then well washed 
till the earthy particles are carried off, and the tin is fit for the smelt- 
ing house. After being roasted in a reverberatory furnace, and again 
washed, it is a second time subjected to the furnace, being now mixed 
with small coal, and in some cases, with a small quantity of lime. The 
melted tin thus produced is at last placed in a small furnace and 
exposed to a very gentle heat, when the purest portion melts first 
and is drawn off. This is called common grain tin ; and the inferior, 
which still contains a small proportion of copper and arsenic, is 
then cast into pigs called block tin, The finest grain tin is procured 


from the stream works of Cornwall. Good stream tin affords from 
65 - 75 per cent, of the best grain. For the details of operation, 
see Try, 

The reduction of copper ore is made by several consecutive pro- 
cesses, The first is by calcining it, and when the ore is sufficiently 
roasted to oxidate the iron which it contains, it is melted. The 
melted metal is after a time suffered to flow into a pit filled with 
water, by which it becomes granulated. It then further 
heating, and what is called technically its slag (or scoria) is taken off, 
and it is again allowed to run off into waver. After other 
similar processes the copper is cast in sand, when it becomes solid, 
in this state is called blistered copper. It is now fit for what is termed 
the refinery, and undergoes an operation called refining or toughening. 
This is an et of delicacy, requiring great skill and care in the 
workmen, refining is conducted in a furnace similar to the 
melting furnace; the object is to thoroughly purify the metal from 
any portions of oxygen, which is performed by adding charcoal to the 
copper while it is in fusion, and stirring it occasionally till it is judged 
to be pure. The chemical relations of this process are noticed under 
Correr. When tin is united with copper, it forms the compound 
called bronze. [Bronze.] 

The saad oy of the lead met with in England is from 
a substance called galena, in which it is found combined with sulphur. 
There are, however, other ores of lead. The galena, freed by 
hammering it and by the hand from whatever impurities can be 
separated from it by those means, is broken up into small pieces, and 
after repeated washings is placed in a reverberatory furnace; but only 
sufficiently heated to drive off certain ingredients without melting the 
lead itself. The roasting being finished, charcoal is added till the 
reduction is completed. The lead, after the slag has been removed 
from it, is suffered to run out of the furnace into a pan, and being first 
skimmed is ladled out into moulds and left to cool. There are various 
methods adopted in different places and under different circumstances 
for procuring the metal from the ores: these will be found succinctly 
noticed under Leap. 

The furnaces that are used in founding are chiefly of two kinds, and 
though strictly speaking both are air furnaces, yet they are distin- 
guished as air or wind furnaces and blast furnaces. ph atpcop gisele, 
a draught through a chimney ; whereas in the other the air is fo 
into the body of the furnace by means of bellows. The forms and 
relative proportions of the different parts of the furnace, and par- 
ticularly the size, elevation, and direction of the chimmies, and the 
dimensions and space of the flues when these are required, are of 
great importance; the volume and intensity of heat and consequent 
certainty of the operations depending in a great measure on the know- 
ledge and science displayed in adapting the parts to each other. The 
chief points of difference between wind, blast, and reverberatory 
furnaces are described under FuRNACE, - 

Founding is practised either by melting or casting any quantity of 
metal in the solid, or with a core (by means of which the metal is 
preserved of a determined thickness or substance), or in plain casting. 
Before any object can be cast in metal it is necessary that a model of 
it be prepared. The models may be made of various substances; clay 
or wax, or sand with clay, are those usually rag eo but they a 
also be of wood, stone, or any other material. Upon those m 
moulds must be made; these are commonly composed of plaster of 


Paris mixed with brickdust, sometimes sand, or sand with a mixture 


of cow-hair, For moulds for iron and brass work a yellowish sharp 
sand is preferred, which is prepared by mixing it with water and then 
rolling it on a flat board till it is well kneaded and fit for use. This 
process is called, in technical language, tewing. If the model is 
cylindrical, or of a form that admits of such a process, it is moulded 
or cast in two pieces; these two parts are then carefully joined toge- 
ther, and the edges or seams trimmed. This doubling is an easy and 
cheap mode of execution, and only requires care to be successful. 

the smaller class of works, instead of melting and running the metal 
at once from a large furnace, earthen crucibles are u into which 
the metal is thrown in small pieces: the crucible is placed in a strong 
heat in a close stove, and as the metal is melted and sinks more is 
added till the vessel is full. It is then lifted out by means of iron 
instruments adapted to the purpose, and the metal is poured from it 
into the moulds, in which channels or ducts for receiving it have been 
previously made. There is one great advantage in using crucibles; 
namely, that the metal may be carried in them to any part of the 
foundry, whereas in general it is essential to have the moulds and the 
furnace close pa, yriegs It is obvious however that melting metal in 
crucibles can only be practised where the casting is on a comparatively 
small scale. 

In noticing the different ways of casting, mention has been made of 
one in which a core is used, and which may require some explanation. 
The core, as its name denotes, is a part or portion situated within the 
body of the cast; and its purpose in founding is to form a centre to 
the work by which the thickness or substance of the metal may be 
regulated. In coring, the mould must first be made complete; into 
this, clay or wax, or any other fit substance or material, is then 
squeaned or pressed in a layer of uniform thickness; in large works it is 
usually from half an inch to an inch thick. This layer represents the 
metal. The mould, if in parts, is then to be put together, the aboye-— 
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mentioned layer being left within it; and into the open space in 
the centre a composition (usually of plaster of Paris with other sub- 
stances mixed with it) is introduced, and made to adhere to, or rather 
is filled up to the clay or wax. This is the core, and it is often made 
to the whole interior of the mould. When this is set, or dry, 
pelt te taken. to pieces and the material which has been made to 
represent the metal removed. The mould is then again put carefully 
round its core or nucleus, the two portions being secured 


space between the outer mould and the inner core ; and thus, by an 
ingenious and simple contrivance, the cast is insured of sufficient sub- 


be seeing that the sudden and violent 
expansion of air that is at all damp, upon the heated metal flowing 
into the mould, would cause it to burst, to the destruction of the work 
danger of the workmen. In order to guard against this, 
and core are usually in an iron closet or drying- 
stove, in which large fires are constantly kept up, and from whence 
are not removed till it is ascertained that they are perfectly dry, 
just before'they are required for the casting. The moulds and cores 

of works of large dimensions are usually strengthened with bars and 
hoops of iron, to prevent them from springing or changing their form 
during the drying, and during the necessary moving and shifting about 


in the . All that is now necessary before casting is to cut the 
channels or for the metal to penetrate easily and quickly into 
the mould; and to place the mould conveniently with respect to dis- 


tance and inclination from the furnace. The first operation is easily 
the founder takes care to distribute the channels, both in 
number and in their size (or width), according to the parts of his work 
into which he requires a greater or less volume of metal to flow, and 
also, if the object be of great extent or complicated form, that the 
parts of the mould may as nearly as possible be filled simul- 
; it being most that the whole getto, or cast, should 
fore the metal in any of the parts has time to settle or lose 
Other channels are also made for allowing the air to 
melted metal enters the mould; these are called vents, 
where the works are on a considerable scale. 

ing the mould, it is only important to secure a 
inclination of 


| 


plane from the mouth of the furnace to the 

may run easily and uninterru ly, and not 
and therefore i 

in a pit a little below the 

sand ly round it to insure 


The usual method in 
¥ ramming 
not being affected by any sudden or violent shock, or by the weight 


| 


furnace (which is usually plugged with clay and sand) is opened, when 
aad to's tow mnicatien ‘the wield ta tiled. The 

metal is allowed to run till it overflows the mouths of the channels 
Saki of cab On te ig: ene the mould 
or knock cast lergoes the necessary pro- 
such as cleaning, chasing, &c.) to render it fit for the purpose 
variations which the processes undergo, in treating 
manufacturing different articles, will be found 


and weight, are the cylinders and cranks of the Great 
; the iron tables for some of the plate-glass manufactories ; 
for the larger kinds of machinery ; some of the mortars 
sums of money have lately been unprofitably 
expended ; and the two unfortunate bells for the Westminster palace. 
was said under Bronze, the largest castings for fine arts purposes 
are frequently not made in a single piece; thus, the largest bronze 
modern times, col fi 
front Ri , near Munich (modelled by 
Fras. Miller at the royal foundry), was made 
in many pieces ; treater eigen she rere Mes. in weight 


We may notice here a method introduced in 1859 by Mr. 
Jobson, for shells and The i 


with pins aces, anecind cateie ie te mt 
A. arms or proj , ent e plate on 
tekich tho coon ee When the fies hess correct 


plate, the pins and the of the sockets are filed, 
of the pins and those of the sockets coincide ; 
-this qffords a test for the workman to judge of the accurate adjustment 

To facilitate the introduction and removal of the 


moulding sand, apparatus is whereby the sand is shovelled 
sieves, which are worked ; sand is damped and 
and is carried by a sort of screw to the mixer, 


ai Suter mosttors are aids, noel whence the sand is 
through another trough by a screw into a ition to be 
used Or the moulder, In abeaees’ See heavy Gidine boom are 

,» % peculiar form of crane is used ; it consists of- a quadrant, 
a passing over the quadrant, and a train of rack-and- 


pinion work; by this cy the box is raised, lowered, and moved 
laterally, with much facility. ‘ ; 

For the various processes to which metal is subjected after founding, 
see CHASING; Empossinc ; Lacquermne ; SoLpERING, &e. 

FOUNDLING HOSPITALS are charitable institutions, which exist 
in most large towns of Europe, for taking care of infants forsaken by 
their parents, such being generally the offspring of illegitimate con- 
nections. These institutions date from the Middle Ages, and were 
established for the purpose of preventing the destruction of children 
either by actual violence or by being exposed in the streets or high- 
ways. Among the Romans and other nations of antiquity, the ex- 
posure of children by poor or unfeeling parents was a frequent practice, 
and was not punished by the laws. After Christianity became the 
religion of the empire, it was forbidden by the Emperors Valentinian 
and Gratian. At the same time, the greater strictness of the laws con- 
cerning marriage and against concubinage, the religious and moral 
denunciations against unwedded intercourse, and afterwards the obli- 
gatory celibacy introduced among the clergy, and the severe penalties 
attending its infraction, all tended to increase the danger to which 
illegitimate infants were exposed from the sentiments of fear and 
shame in their parents. Child-murder and the exposure of children 
became nearly as frequent in Christian countries as they had been in 
Heathen times, only the parents took greater care to conceal them- 
selves ; and humane individuals in various countries began to devise 
means to collect and provide for the forsaken infants found in the 
streets. In this, as in other acts of charity, ecclesiastics stood fore- 
most. At Rome, Innocent IIL, in 1198, when rebuilding and en- 
larging the great hospital of S. Spirito, allotted a part of it to the 
reception of foundlings, several infants having been found drowned in 
the Tiber about that time. This asylum for the “ esposti,” or found- 
lings, was afterwards enlarged and endowed by subsequent popes, and 
the institution was adopted by degrees in other cities. It was thought 
that by providing a place where mothers might deposit their illegiti- 
mate children in safety without being subject to any inquiry or 
exposure, the frequent recurrence of the crime of child-murder would 
be prevented. For this purpose a turning box was fixed in an opening 
of the wall in a retired part of the building, in which the child being 
deposited by the mother in the night and a bell being rung at the same 
time, the watch inside turned the box and took the infant, which 
from that moment was placed under the protection of the institution, 
was nursed and educated, and afterwards apprenticed to some trade or 
profession, Those parents who were in hopes of being able to acknow- 
ledge their child at some future time, placed a mark or note with it, 
by which it was known when they came to claim it, and 
it was then restored to them on their defraying the expense incurred 
for its maintenance. . 

In France, the philanthropist Vincent de Paul, the founder of the 
“capac Aan the Missions in the first half of the 17th century, exerted 
himself to found an asylum for infants, which were at that time 
senenny left to perish in the streets of Paris. It was at first 
sup by private subscriptions, but afterwards was made a national 

ishment—* Hopital des Enfans trouvés.” Similar institutions 
were founded in other great French cities. Mortality appears to be 
very great in most foundling hospitals of the continent, owing to care 
lessness, mis ment, or want of sufficient funds for the adminis 
tration of those institutions, The infants are given out to cheap 
nurses in the acne! ages a 4 number of them die. At the 
same time, it is remarkable that the number of illegitimate births has 
greatly increased over all Europe. 

The principal objection that has been raised against foundling 
hospitals is, that they tend to increase the number of illegitimate 
offspring. In London, the institution of the Foundling Hospital, 
though it seemed to have prevented the exposure or murder of 
infants for a time, was found to produce such ill effects, that the 
object of the foundation was materially changed, and it is now a 
receptacle for illegitimate children on the application of the mother, 
who must prove the abandonment of it by the father, and whose 
character otherwise must be a good one. One distinction ought to be 
made, namely, that in countries where there is no legal provision for 
the poor, foundling hospitals appear to be more necessary, or at least 
less objectionable than in those where the mothers of illegitimate 
children, if unable to support them, have, like other destitute persons, 
the resource of the parish poor-house. It must also be observed that 
mothers of illegitimate children often neglect their unfortunate 
offspring, and are ill calculated by their habits to rear them up so as 
to make of them useful and honest members of society. 

FOUNTAIN, a jet or jets of water, flowing either naturally out of 
the earth, or from structures formed by art. Artificial fountains con- 
sist of water flowing from vases, statues, sculptured ornaments, or 
architectural buildings combined with sculptured figures and other 
ornamental decorations, 

Many ancient Greek cities were decorated with fountains. Pausanias 
informs us that Corinth was adorned with several fountains; and he 
mentions one in particular which stood near the statue of Diana, repre- 
senting Pegasus, with the water flowing through his feet (ii. 3, 5), 
He describes another as consisting of a bronze Neptune seated on a 
dolphin, from the mouth of which the water issued (ii, 2, 8). Fron- 
tinus, who lived in the reigns of Nerva and Trajan, was superintendent 
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of the fountains at Rome, and wrote a work, 
Rome Commentarius,’ in which he treats, among 
distribution of the waters of fountains. The 
Pompeii, some of which are almost perfect, evince the knowledge which 
the ancients possessed of the property of water to rise to its level, and 
their practical application of the principle. 


‘De Aqueductibus Urbis 
other things, of the 
blic fountains of 


‘ 


— 


Section of Fountain, from Pompeii, showing the ascending pipe, a, a, a. 


Not only were the streets, but even the private houses of the 
Pompeians, decorated with fountains ; and it appears that the ancients 
were acquainted with that law by which fluids may be made to ascend 
oh jet to a height proportionate to the pressure which acts 
upon them. 


Fountain, from the paintings of Pompeii. 


One of the domestic fountains of the Pompeians is encrusted with 
coloured glass and shells. The fountain of water flowed from a large 
Beh mt pt ag het Se 

At Rome, the proper distribution of the rivers which flowed through 
her aqueducts was a matter of great importance, entrusted to the care 
of an officer of very high rank. It a from Frontinus, who filled 
that office under the emperor Nerva, that the letting out of the publie 
waters to private persons was 4 source of revenue. The right to a 
supply of water was strictly personal, not attached to houses, so that 
the supply was cut off at every change of ownership. The waters 
which had once been granted were sold b: the superintendents, as they 
fell in, to the highest bidders. Those w means or interest were 
insufficient to obtain a private pipe, were obliged to fetch water from 
the public fountains. (‘ Pompeii,’ vol. ii. pp. 73, 74.) 

number of leaden pipes found in Pompeii leads us to conclude 
that they were universally employed in fitting up the fountains of that 
city. Some fountains flowed bronze figures, of which several 
are preserved in the museum at les. Specimens of the domestic 
fountains of the Romans (of marble) may be seen in the Grieco- 
Roman Basement Room of the British Museum. 


agreeable this profusion is probably only a 
tithe of the luxury with which ancient city was supplied. Many 
of the fountains of Rome are highly decorated, of great magnitude, 
and very varied in their mode of ejecting the waters with which they 
are supplied from the existing aqueducts, The fountains of Trevi, and 
the Pauline fountain at San Pietro in Montorio, are immense piles of 
architecture, the former highly decorated with sculpture. In Italy, 
almost species of design which the imaginati 
been adopted by their ingenious artists in the construction of fountains. 
Many of those produced during the Medicean period are works of great 


; lightness, and brillianey of ‘design, ringularly appro 


e 
§ 
E 


J 


i 


fl 
i 


i 
E 
: 


a 
ae 
b bes 
le 


sf 
| 
| 


Bargwus ‘de Aucupio,’ liber i, ‘ad Franciscum 
Principem,’ 4to. Flor. 1566, Olina’s ‘ Uccelliera,’ 
1684, is another work on fowli nt Se tees ee 


next 
meaning of the term confines fractions, in an arithmetical point of 
view, to the aliquot parts or submultiples of the unit ; which } 
therefore be divided into a number of equal parts, of which parts 
certain number is to be taken. ; 
Under the heads Apprrion, &c., will be found the various rules by 
i ining fractions are conducted. We shall here 


A fraction is thus denoted: means the quantity obtained by & 


a 
dividing a unit into b equal parts and taking a of those parts. Ifa 
jrihey thin 5, 1b will coetnany Ui tpeesemp ae Uieae Sooke aa 


all others improper fractions; this absurd distinction is now beginning 
to be abolished. In the fraction a is called the numerator, 
and 6 the denominator. first term is for @ is the number 


taken, is not b, but 2; the th part of a unit (not 8 units) is to be 


repeated a times. 

On the whole, the terms numerator and denominator are very ed 
priate; but they are very long. Should they ever come ino vag } 
use, they will be shortened into numer and denomer ; and it would é 
well if arithmeticians would do this for themselves, . 


ra 
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The prec fraction may be considered in several different ways. 
It is 1st, the Sth part of a unit repeated a times; or, in common lan- 
a-bths of a unit ; 2nd, the number of times, or parts of a time, 
which @ contains }; 3rd, the proportion which a is of b; 4th, 
ion which ought to be written for a, on the supposition of 


: was 6 units being made the unit. Thus 2 expresses two- 
unit, the part of a time which 2 contains 5, the proportion 
5, and the expression which must be written for what is 


a ag Peppeglal ah dem it a Peay All these mean- 
, are 'y intelligible when we write a fraction 
the terms are both fractional. Thus— 

1 


aon 3, be 


iq é 
We can readily imagine the part of a time 
proportion which the first is of the and 


be substituted for 14 when a larger unit is 
unit. But though we see clearly 
3 equal parts and into 4 equal parts, 


? 

; 
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d 
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pronoun, &, Thus, when we speak of the 
answer to a problem being a number of feet (unknown), it is better to 
_ allow the word to imply a part of a foot, a foot itself, or a number of 
feet together with a part of a foot, than to all those possible 

, every time a number is to be mentioned. Again, when one par- 
rs 


- 


i 
i 
E 
2 
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E 
E 


though al incon- 
sistent with our idiom to speak of “dividing 1 into parts.” 
The meaning of the phrase which is intelligible dhoult then be ex- 
tended 


is 

is to be found which repeated 3 times and ? of a 

And this must be extended even to the case 

or fraction thus obtained is ter than a unit. 
i the ing fractions such a number or frac- 

_ tion must be found, that th of it shall be a unit; that is,— 


1 stands for the number 7 ; 


7 
and this must be 3% times. The preceding considerations 
show that fractions with fractional denominators may be explained 
(without reference to any rule of reduction) by an extension of the 
definition which to integer denominators. The use of such an 
:—at present, ical students learn results 
ectly intelligible with regard to whole numbers, or to 
integer terms, but of which they do not see the i 
fractional or mixed terms are employed. In the latter case they 
rust to what they see in the former that their results will remain 
‘true; but they can have no distinct perception on this point until they 
have learnt to include every possible form of + under one definition, 


. ‘The: ond aie fd fractions on which all others depend 
is this—that no ie changed iavalne by multiplying or dividing 
_ both its terms by the same number or fraction, that is,— 


b ” mb 
be the values of a, }, and m. This result should be 
the variety of its cases, from such as— 
2 
5 


Fi 
e 
E 
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8x10 2 -2hx 1h 
~ 5x10 Ser ar y > yxih 


numerators of 
nominators for a denominator, the resulting fraction must lie between 
the two from which it was deriv Thus of the three fractions, 


ed. 
and 


ma; 
_ be extended so as to allow of a representation of such fractions. 

we consider the number 11111, we see that for every step which we 
make to the right, we find a unit which is only the tenth part of the 


preceding unit. Place a point on* the unit’s place (to mark its posi- 
tion), and let the same method of valuation be carried further. Then 
in 11111°1111, the first 1 after the point should stand for one-tenth of 
the , or one-tenth of a unit; the second for one-tenth of a 
tenth, or one-hundredth, and so on. The fundamental theorem of 
decimal fractions, in this view of the subject, is that which shows, for 
example, that 12°2345 (defined to mean 1 ten, 2 units, 2 tenths, 3 
hundredths, 4 thousandths, and 5 ten-thousandths) is the same as 
122345 ten thousandths ; or that all the number, such as it would be 
if the units’ column were on the right, may be taken as a numerator, 
- the denomination of the right hand figure as a denominator. 
us— 
65488 or 0+ 5+ 44+ 8 4 3 


10 100 °§©1000 
j3 60000 , 5000 400 80 3 
1000 1000 1000 1000 ° 1000 
or 05488 
1000 > 


No fraction can be reduced to an equivalent decimal fraction, if its 
denominator contain any prime factor except 5 or 2 (the divisors of 
ten), But this is of no consequence in practice, since it may easily be 
shown that for any fraction can be found a decimal fraction which 
shall be as near to it as we please. For instance, suppose it required 


to find a decimal fraction which shall not differ from a by so much 
as the hundred thousandth part of a unit. Then— 


300000 
3 _ 300000 _~ 41__ «78173, 
41 4100000 ~~ 100000 ~~ 100000 


or 7317 hundred thousandths of a unit differs from 2 by only pa 


of the hundred thousandth of a unit, or by less than the hundred 
thousandth part. It is from such a transformation that the common 
rule is derived. 

It iscemmon to say that a result is true to a certain numberof 
places of decimals when any alteration of any place would make it 
further from the truth. Thus, the diameter of a circle being unity, 
the circumference lies between 3°1415 and 31416, but nearer to the 
latter ; whence the same circumference, true to four places of decimals, 
is 31416. Similarly, 62°13299, taken true to two places, is 62°13; to 
three, 62°133 ; to four, 62°1330, Again, ‘625, taken true to two places, 
might be either ‘62, or ‘63 ; but the latter-is generally taken. When 
a decimal fraction cannot be found exactly equal to a given common 
fraction, the division by which the numerator is found, leads to what 
is called a CrrcuLatTine DECIMAL. 

For subjects closely connected with the theory of fractions, see 
Ratio; Proportion ; INcomMENSURABLE. 

FRACTIONS, CONTINUED. A continued fraction is one which 
has a fraction in its denominator, which again has a fraction in its 
denominator, and so on: such as 


A more convenient way of writing such fractions is desirable ; in the 
present article we shall adopt the following :— 


The use of continued fractions is as follows: by converting a 
common fraction with a large numerator and denominator, into a 
continued fraction, we are able to find a succession of more simple 
fractions which are alternately greater and less than the given fraction, 


and approach to it with great rapidity. Let ¢ be the given frac- 


tion, @ being less than ); proceed as in the rule for finding the 
test common measure of @ and }, and let gq, 7,8, t, &c., be the 
quotients obtained in the process; then 


a 1 


* It will be very useful to the student to remember that this decimal point 
belongs to the unit’s place, and is not an introduction between the integers and 
the fractions. ; 
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5119 
23319 


| ieee of finding 


For instance, let the fraction be 


5119)2831%(5 
Rem. aia the greatest ck 

The succession of quotients thus obtained is 

5,1, 1, 7, 3, 1, 1, 2, 1, 8, 1, 25 

which are to be used as follows in formi 
mate fractions. The first and second are 
1 al ar 
first quotient 
— Sad quetteh  a 
Ist qu. x 2nd qu.+1 5x1+1 6 

To form the succeeding numerators and denominators there is one 
uniform rule for both, as follows: Multiply the last found term by 
the first quotient remaining to be used, and add the last but one; as 
in the following process, 
is unity, and that the multiplication is therefore unnecessary. 


the succession of approxi- 
ways ~ , 
this case 


Ist 3 


Numerators. Denominators. 

1st 1 5 
2d x 6 
3rd* 2 11 
New quotient 25 Bus 
14 i7 

= LS 

4th 15 83 
New quotient 3 _3 
45 249 

2 ai 

5th 47* 260* 
15 8 

6th 62* 343* 
hey 260 

7th 109 603 
New quotient =a 2 
218 1206 

_62 343 

8th 280* 1549* 
109 603 
9th 389 2152 
New quotient —_3 3 
1167 6456 
280 1519 

10th 1447* 8005* 
_389 2152 

11th 1836 10157 
New quotient 2 2 
3672 20314 

1447 2 8005 
12th 5119 28319 


The succession of fractions continually approximating to the iven 
fraction, and ending in it, is then 9 e 


62 109 280 389 1447 1836 


5119 


—— » ——— 


so alge gph and nearer to the last, than which they are 
ly greater and less; the first greater, the second less, the 
third greater, and so on; but the second is not so much too small as 
the first is too t, nor the third so much too great as the second is 
too small, &c. The error committed by assuming any one of the approxi- 
mate fractions instead of the final result, is lees than s fraction having 
unity for its numerator, and the product of the denominator in 
question and the next denominator for its denominator. Thus— 


z is not wrong by -—— or 

2 

io ” oo 
a yn sooo " ape’ 


If it be desired to verify one of the fractions without proceeding to 


end, 
where (*) denotes that the incoming quotient | results 


sy eineph tab isk; wlek ie-the seraknles 
—2x' + 2° +x—1 by x~ 3, the coefficients are 
2 -1 
The results of the rule are 
2 4 12 86 109 327 982 2945 


— } 
Hence the quotient is 225+ 425 +1224 + 36.3 + 1092? + 32724982, and — 
the remainder is 2945. To divide by +a, or «—(—a), in 
™ 


Thus to find the quotient of «*—2z9+ 4 divided by (2—1)* (e+ 
(x—5), the process is as follows, it being seen that. 


answer is of the second degree, We omit all the work which is of no 
use in the final result, 

1 0 0 

1 | 1 

1 2 3 

1 3 6 

1 2 4 

1 1 3 

1 6 33 


by «—1 give 
e then divide twice following by «+1, still 
terms, and the result is 23+2°+3z, and the di 
brings out z?+6x+33 for the three first terms of the 
that is, for the whole quotient. For verification the 
divisions may be varied. = 
When all the roots of the denominator are unequal, that is, when 
the quantity to be reduced is of the form x(7—a)-! (w—b)—* (w@—c)-" — 
ass See 6,36 OS, 26 ee ing the 
reduced form of the remainder is very easy. Strike out (x—a)—' and — 
make =a in the form thus mutilated; let this result bea. Next — 
strike out (r—b)~!, and make x=b ; let the result be B; on 


pA dP 


I-(-1x2)=— 


Be Darien 


25—(1x3)= 
1°37. 16 (=1)+(—2x —8) = 
1 2 5 10 
And the final result is 
Fi) 
(2—1) (e—2) (+1) 


1 64 1 


—_ + 


2—1 3 «—2 


afer co] 2 role 


= + 2+ 50410 


ne 
2 


proceeding which is most easy in the cases which gen 
occur in practice, will be best Pe Sa tee on Suppose, fe 
instance, that (a+ 1) (x—1)? (x—2) ett is fraction to be 
reduced. Begin with the denominator (r—1) (~—2) (w+1), and 
the preceding rule, obtain the result, 2 
220s tpt. ae 
(e—1) @—3)(@4l) ***2- g-1 * 3 2-8 + Seed 


\ 
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Divide both sides by (x—1), and turn (x+2)+(x—1) into 1+3 
--(a—1), and also by the rule, convert 


(a—1)—! (4—2)—! into — (c«—1)—1 + (~—2)-! 


- - (x—1)- (2+1)— into + 5 (e—1)-1— (e+ 1? 


-@ and the result is 
aed pi mt 1 
(2-1)? (x#—2) (+1) ~° 6 z—1 ~ (e—1? 
Wd LL 
+ 3 2-2-6241 


_ More complicated examples may be seen in the ‘ Differential Calculus’ 

Library of Useful Knowledge’), p. 273. The above will be sufficient 
5 TRACTIO , VANISHING. This term is applied to fractions in 
/ cases where a supposition is made which destroys both numerator and 
_ denominator at the same time. Thus: 


2-1 


orsign pple om supposition that « is unity, they all end in 
a i out how pian sikian,jladhcoes x orate in nothing. 
The first answer to this seems to be that the fraction may, in such a 
case, have any value we choose to meg sy nothing taken once, or 
twice, or thrice, &c., is still nothing : is to say, according to the 
rules of common since 02=0 x a, whatever a may be, it follows 
that 0 divided by 0 may be a. But this is carrying operations which 


are defined with to itudes further than is contemplated 

in their definition, applying them to a bol which simply repre- 

sents the absence of all magnitude. S @ process may then be 
without scruple. 


be said to have a yalue at all whenz=1? To settle this 

in part, we must ask not what the preceding fractions are when x 
unity, but what becomes of their value when z is made to approach 
and nearer to unity, To take the first as an instance, we find 


z—1 
ee Tet for all values of x. 
“nat Whenever x is greater than 1, the fraction is 
2. II. As x approaches to 1, the fraction approaches to 2. 
. The fraction may be made as near to 2 as we please by making x 
- near to unity. Hence it follows that if when z=1, the 
_ fraction have a value at all, that value must be 2. Similarly it may be 
of the second and third fractions, that if they have values when 


¢=1, these values must be 1 and @ logo 


ishing fractions have 
reasonings with regard to 


log x 
«z—1 


*y=the value of when z=1,’ 


to a class of questions so 
be nen of a sore science. 
Notutne, Inrrwity, Lows (Txeory or), &., will 
those considerations which apply to all the cases. 
The method of finding the value (or correction, if the reader please) 
ofa ing fraction whose numerator and denominator di 
is to make a new fraction with the differential coefficients 


differentiations, and so on. Thus, to find the value of the third 
fraction above mentioned,— 


diff. co. of a — a is a* log a 
diff. co. of 07 — 6 is b log b 


a log a 
wx log b? 


FRACTURE. Injuries complicated with the breaking of a bone 
are called fractures. 

The comparative importance of such accidents depends in the first 
place upon that of the bone which is broken. The miost dangerous 
fractures in this point of view are those of the vertebra and skull, 
which inclose organs immediately essential to life, and extremely 
susceptible of injury. The processes, or projecting parts, of the ver- 
tebree are sometimes broken without very serious consequences; but 
if any of the ringsof bone which encompass the spinal cord be thus 
injured, death almost certainly ensues, and the danger is imminent in 
proportion to the nearness of the injured vertebra to the head. If the 
fracture take place above the fourth vertebra of the neck, reckoning 
downwards, death is generally instantaneous from paralysis of the 
nerves of respiration. Fracture of the basis or floor of the skull is 
often instantly fatal, for analogous reasons. The sternum, or breast- 
bone, and ribs, cover oe not so immediately essential to life, and, for 
many reasons, not so liable to suffer from violence done to their ex- 
ternal defences as those to which we have already adverted. Fracture 
of the sternum can scarcely happen without the direct application of 
considerable force; and for that reason is both serious and rare. The 
ribs, on the contrary, are more easily and frequently broken than an 
other bones; and generally speaking the consequences are not at all 
serious, if proper measures be adopted. The fracture unites readily ; 
and the chief danger to be apprehended is inflammation of the serous 
membrane called the pleura, which lines the cavity of the chest, or of 
the lung. [Prieurisy; Pyeumonta.] This danger is of course in- 
creased if the lung be wounded by the splintered ends of the bone, 
which is sometimes the case, especially when the fracture is the result 
of direct force. The bones of the pelvis are seldom broken, for the 
same reason that determines the rare occurrence of fracture of the 
sternum; but the accident is generally serious, and not unfrequently 
fatal, from injury to the bladder and other important organs included 
in the pelvic cavity, or connected with the bones which circumscribe it. 
Fractures of the bones of the face, though distressing and painful at 
the time, 'y do well; and are of consequence chiefly on account 
of the di ent they sometimes occasion. 

The limbs are so essential to the purposes of life, and their usefulness 
depends so much upon the preservation of the shape of their numerous 
bones, upon the integrity of their joints, and upon the free and separate 
mobility of their muscles and tendons, that anything calculated to 
injure them permanently in these particulars is a matter of serious 
importance. Hence the great interest that has always been attached 
to fractures occurring about these parts; none of which can be con- 
sidered as slight accidents, for in various degrees they all threaten the 
future usefulness of the limb. y 

We feel that the subject of fracture, particularly of the limbs, is one 
that hardly admits of compression within moderate limits; and are 
aware that in attempting to compress it we must sacrifice order, if not 
perspicuity, to brevity. Our principal object, however, will be to give 
a clear explanation of certain technical terms, by which important 
varieties of these injuries are distinguished; and which, though fre- 
quently made use of in conversation and in the course of judicial pro- 
ceedings, are often misapplied or imperfectly cmanoal : with this 
we shall interweave as much general information as possible, sub- 
joining what may be necessary to complete an outline of the whole 
subject. 

It can hardly be necessary to explain what is meant by transverse 
and oblique fracture: we may observe, however, that the distinction is 
practically of great consequence. In the first, or transverse variety, 
the bluntness of the ends of the broken bone in some measure 
preserves the contiguous soft parts from laceration at the time of the 
accident ; it also opposes a considerable obstacle to the displacement 
which arises afterwards from muscular contraction; but it chiefly 
conduces both to the diminution of present suffering and to the 
prosperous event of the case, by facilitating the speedy and perfect 
restoration of the displaced bone to its proper situation, and its steady 
retention, when restored, by mechanical means. 

On the other hand, as most of the bones liable to fracture are cylin- 
drical, or present flattened surfaces meeting in as many solid angles, if 
they be broken obliquely, the ends of the bone will be sharp-edged or 
pointed: hence they are generally separated from each other to a much 
greater extent than is usual in transverse fracture, and there is not only 
much more suffering from the laceration of sensitive parts and from ~ 
portions of them being included and pressed between the broken sur- 
faces, but great difficulty is often experienced in disentangling the ends 
of the bone, and bringing them into close apposition ; and still more 
in retaining them, from their tendency to slip past each other during 
the s odic and powerful contractions of the wounded and irritated 
muscles, The result of such fractures is often unsatisfactory, in spite 

° 
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of the utmost care and skill; and some distortion and shortening of 
the limb is inevitable in severe cases, 

Comminuted Fracture-—When a bone is crushed, or fissured in more 
than one direction, so that portions of it are detached from the rest, 
the fracture is said to comminuted. From the facility generally expe- 
rienced in replacing the bone, or at least in straightening and supporting 
the limb in these cases, they often end better than — less 
serious oblique fractures. Perhaps one reason may be that the direct 

plication of force, by which they are generally produced, has some 

fect in the muscles and deadening the injurious influence of 
their contraction. If there be much contusion of the soft parts, con- 
siderable inflammation and fever may supervene, and the recovery will 
be tedious in proportion; but the eventual restoration of the natural 
—_ and length of the limb is frequently more complete than might 


Fracture extending into a joint.—A bone may of course be broken in 
the situation of a joint; or, if the fracture occur at some distance, a 
fissure may extend longitudinally into one of these cavities. This cir- 
cumstance is a very important aggravation of the injury. The 
synovial membranes which line the joints are peculiarly impatient. 
of irritation, and when they become inflamed, the constitutional dis- 
turbance is often considerable, and the attendant, or, as it is called, 
the symptomatic fever, is of a very acute type. When the larger 
joints, such as the knee, are concerned in injuries of this kind, 
the old surgeons frequently recommended amputation of the limb. 
Modern experience has shown that this may generally be mor gene 
with ; but the greatest skill and watchfulness are required and often 
baffled in endeavouring to prevent. the occurrence of a stiff joint 
(anchylosis), and to keep the limb in the most useful position, if it 
should occur ; a position which is not always the most conducive to 
the ease, or indeed to the recovery, of the patient, and therefore not 
always eligible. 

Fracture complicated with dislocation —li a bone be dislocated as 
well as broken, it may be difficult or impossible to carry into effect 
the measures which are necessary for the satisfactory treatment of 
either injury, and the result is permanent distortion and crippling of 
the limb. This is of course an extreme case, and is not likely to 
— unless the fracture take place very near the dislocated joint, 
80 a firm hold cannot be taken of the detached end of the bone. 
If, however, the fissure in the bone does not extend to the joint, the 
constitution does not, upon the whole, suffer so materially as might be 
expected in consequence of the double injury, except in particular 
cases, such as those complicated with traumatic delirium, on which, as 
the subject is curious, we shall here take occasion to say a few words. 

Traumatic delirium (rpatpa, a wouwnd).—This affection is by no 
means confined to fractures with dislocation, or to injuries of which 
fracture forms a part. It appears however to be more frequently a 
consequence of injuries of this nature than of others, and particular!; 
of the fracture of the fibula immediately above the ancle, which is 
often followed by dislocation of the foot. fnxswna; in Nat. Hist. Drv.] 
The patient rambles in his ideas, is generally very talkative, and in a 
state of great alarm and apprehension, expecting, for instance, to be 
led to execution for some fancied crime. He is commonly pale and 
cold, free from fever, and quite unconscious of pai it not pre- 
vented, he will rise from his bed and move about the room, using his 
shattered limb with perfect unconcern. Traumatic delirium has some 
points of resemblance with delirium tremens, and like it, occurs for 
the most part in over-stimulated and exhausted constitutions. It is 
sometimes fatal, but may generally be relieved by large quantities of 
wine and opium. 

Compound fracture —If the injury of which we are treating be con- 
fined to the bones and the ye immediately around them, the fracture 
is said to be simple ; but if the bone be protruded through the skin, 
or an external wound otherwise inflicted communicate with the in- 
terval between the broken surfaces, the fracture is said to be compound. 
However small the wound in the skin may be,—unless it can be 

t to heal by the first intention, which, though it rarely succeeds, 
should be always attempted,—this is by far the most serious va- 
tion of the injury, whether we regard the suffering of the patient, the 
— of the case, or the prospect of recovery. A simple fracture, 

jowever extensive, if not into a joint, may generally be expected with 
confidence to be well enough to permit the accustomed use of the limb 
in a period ranging from two to eight weeks; the pain and constitu- 
tional derangement seldom — beyond a few days. But a com- 
pound fracture threatens life, and, s gill, to a tek en 
affair of many months of suffering and sickness. is remarkable 
difference originates in the wide constitutional sympathies of the skin 
as an organ of sensation and secretion ; in the importance of its fune- 
tion as a covering for the subjacent parts; and in ite great proneneas 
to become inflamed when the subject of a punctured and lacerated 
wound. It further results from the tendency of the inflammation to 
propagate itself from the edge of the skin along the track of the 
wound to the periosteum and other deep-seated parts; it commonly 
_—— very extensively in cellular tissue between the muscles, under 
aponeurotic ions which invest and separate them, and within 
the synovial sheaths of their tendons. Some d of inflammation 
among these parts takes place in simple fractures, but it seldom ex- 
ceeds manageable limits and the lower degrees of it may perhaps be 


considered as curative. But the inflammation which follows a com — 
pound fracture puts a to all the natural processes of : 
and renders the artificial means, in other cases usefully employed to _ 
promote them, ineffectual or inapplicable, Itis attended with incessant 
and exhausting fever, at first ardent and afterwards irritative and — 
hectic Tea , and ag an tae ~~ extensive de- — 
struction of the soft parts ing), 
bone (exfoliation), Such are some of the di 
compound fracture, an accident which, in its severer forms, 
such a scene of suffering and a succession of such ; 
upon the strength, that, on the balance of evils, amputation is often a 
preferable alternative, 

Diagnosis of fracture.—Much need not be said of the means 


the 
may be removed by attending to the 
communicated to the touch occasioned Lo moving the 
ends of the bone against each other. symptom is called 
tation. a 
Treatment.—The principles of treatment are, in the first place, to — 
soothe by all possible and prudent means the muscular irritation and 
spasm which are the immediate and most urgent ogee! ager 
recent fracture. The patient is to be placed in the posture, — 
which, if the thigh or leg be broken, is ly on the same side or 
on the back; the limb is to be on soft pillows, the con- 
tiguous joints being half-bent in order to favour as much as possible 
the relaxation of each class of muscles, especially the flexors; get 
friction, warm fomentations, or cold evaporating lotions are to be use 
according to the circumstances of the case and the feelings of j 
patient. és 
When the relaxing rigidity of the muscle will permit, which 
not ged some ots raat ren is = be reo re ; 
possible to its proper situation e le application « ein 
any required dlrecas. Violence Would | defeat its own ee ae 
reproducing spasm. One hand or an asssistant should steady 
upper portion of the limb while the lower portion is drawn down and 
turned till the proper length and bearings are restored. This proce 
which is called the reduction or setting of the fracture, cannot aly 
be completed on the first attempt ; one it is sometimes advisable, and 
indeed only possible, to effect it by degrees. The i i 
also return; and in oblique fracture this will unless” 
the case admits of a very fortunate adjustment of the The | 
ae be repeated as often as 
is not, as people generally imagine, a piece of legerdemain, to be 
effected in a moment by some wonderful exertion of dexterity, and — 
then to be announced in oracular phrase by the surgeon as if it were 
something too mysterious for a plain man to understand. It is a_ 
perfectly, simple and straightforward measure ; and little more than 
common sense and a gentle hand are necessary for its proper ; ; 
if it be possible to effect it at all. 


and 
it where there is any d 
ny soovieg € 


When the limb is reduced, it is to be placed in splints, began : 
thin pieces of wood or other material of the isite firmness and — 
length, and suitably shaped and hollowed out to fit evenly without 


F 
making undue pressure upon prominent points, such as the 
eg ate Pe ae bidet hace hin ooh pee 
Se Whe a ae ee ee 
slipping. en everything is properly arranged as to position, 
splints are to be bound upon the limb with a moderate degree of — 


pressure ; and it is right to remove and just them in 

order to detect and rectify any deviation from the correct line 

bone that may arise or become t as the swelling subsides, 
Where there is no fear of the bone being displaced by the action of — 

the muscles that are attached to it, or the restlessness 1 


patient, it is not necessary to apply ge which are only useful in — 


prevent inflammation. . 

Union of fractured Bone.—The process by which fractured bones are 
united is generally un in simple cases, if the ion 
be good and the accompanying contusion not very considerable, The ex- 
travasated blood is soon absorbed, and the swelling and inflammation sub-— 


the thigh is bro 


‘posture. 
“at Fracture—There are some conditions which modify the 
nq to the occurrence of fractures, Among these may be men- 
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side. The interior lacerations heal, and the soft parts round the endsof | FRAMBAISIA, [Sxrn, Diseases oF.] 
the fracture become consolidated with the periosteum, or fibrous invest- | FRANCHISH, a species of incorporeal hereditament. Franchise 


ment of the bone, which swells and unites at the torn edge. In this 
consolidated mass, which forms a soft case for the bone for some 
distance above and below the fracture, but is thickest just at that 
int, particles and spicula of bone are gradually deposited, till at 
it becomes rigid and firm, holding the ends of the bone in close 
contact and peventing them from slipping away from each other, like 
the slider of a parasol. At length the patient finds the strength of his 
limb restored, and conscious of the change, can no longer be persuaded 
to refrain from using it. After a certain period, which has been 
differently stated—it may be six or seven months in the case of a large 
bone—the fractured ends become firmly adherent by the deposit of 
bony matter between them ; the exterior case becomes absorbed, and 
the cure is complete, the bone being rather thicker and generally some- 
what stronger and more solid in the situation of the fracture than 
before the accident. The whole of this process is much quicker in 
infants and children than in adults, and somewhat more slow in ad- 
vanced periods of life than in the middle age. Taking all ages, it 
ranges, as we have said, from two to eight or ten w ing, of 
course, of the period at which the limb becomes firm enough to per- 
form its functions. 

The treatment and of compound fracture depend upon the 
circumstances of each case ; and it would lead us too far to enter upon 
them. The principles of management, however, are the same, as are 
likewise, in main, the natural processes by which firm union is 


Ununited Fracture.—It sometimes happens that, without any assign- 
able cause, the processes we have just spoken of do not go forward; 
and the fracture, originally perhaps a very simple and promising one, 
either does not unite at all, or unites only by a bron aa flexible sub- 
stance like ligament or tendon; and this even w! nothing faulty 
can be discovered in the constitution of the patient, or in the manage- 
ment of the surgeon, Attempts are made to excite irritation and pro- 
mote the deposition of bony matter in this new substance by rubbing 
the ends of the bone together, and in other ways. Such attempts not 
unfrequently fail, and the bone remains flexible and useless for life. 

Causes of Fracture—We have said nothing of the various ways in 
which fractures may accidentally take place, because each reader can 
imagine them for himself. There are, however, some circumstances 
with reference to this subject which it is proper to mention. In the 
first place, the simple action of the muscles, without any blow or 
external pressure, is sufficient to break the bones, Such is, generally 
speaking, the case in transverse fractures of the patella or knee-pan, 
and occasionally in those of the olecranon, or point of the elbow. When 
these are broken off by a sudden jerk of the muscles attached to them, 
the detached portion of bone is carried up to some distance, and can 
be brought into sufficiently close apposition to unite by bony 
But the ligamentous substance we have mentioned in speaking 
of ununited fracture is formed between the broken surfaces; and if 
proper care be taken not to permit it to be stretched while it is yet 
soft and extensible, it answers every p in these cases nearly as 
well as bone. one patella has been broken in this way, the 
other is almost sure to follow soon after, having a double duty to per- 
form in supporting the lar contracti ry means of which 
t to a straight line with the leg in the erect 


Hi 


p soft and cartilaginous state of the bones in young infants 
before the earthy matter has been completely deposited. At this period 
it is not uncommon to find that although the limb is flexible at a 
certain point, no crepitation can be felt, and that in point of fact there 
is no actual separation of the endsof the bone. This is called imperfect 


entous union is all that can be 
and the limb remains for the remainder of life to a great 


4 Ossium.—A. still more brittle condition of the bones is 
co-existent, with cancer, and probably other morbid states 
of the constitution. It is called fragilitas ossium (fragility of the 
bones), and sometimes reaches a remarkable pitch. A late eminent 
ph ician informed the writer that, eng oe to attend upon a lady 
n her pew at church, he found that she broken her thigh in rising 
from her hassock ; and in ing to raise her, he broke her arms. 
Therp is generally little injury of the soft parts in these fractures, and 
oe Nd ema to unite rather more quickly than others. 

Some persons have asserted that the bones are more brittle in winter 
than in summer ; but it does not require an h: is so improbable 
1 to nm the principal fact on which the proof has been 
rested, namely, the more frequent occurrence of fractures in frosty 


row of palisades placed in a horizontal or oblique 


So ior, or on the edge of the ditch, in order to 


of passing over it at the time of an assault, 


and liberty are used as synonymous terms, and their definition is a 
royal privilege, or branch of the prerogative, subsisting in the hands 
of a subject. Such privileges must arise, therefore, from the grant of 
the crown, though in some cages they may be held by prescription, 
which presupposes a grant. The kinds of them are various, and 
almost infinite, and may subsist in corporations, in one man, or in 
many, as co-tenants. Thus a county palatine is a franchise, and so are 
privileges given to corporate bodies, forests, chases, the right to 
wreck, estrays, &c. Franchises may be lost or forfeited by the parties 
who enjoy them, if they misuse their privilege or neglect to perform 
the requisite duties in respect of them |Fzrry]; and if the owners are 
disturbed or incommoded in the proper exercise of their franchise, 
which is an injury known to the law as a disturbance of franchise, they 
may have remedy in an action, or where the franchise is to levy a toll, 
they may distrain for the amount alleged to be due. 

FRANCISCANS. In the Brograpuicat Division an account of the 
chief order is given under Francis, Sr.; and it is there stated that 
even of these there was considerable diversity in the practice of the 
rules of the order. One part, called Spirituals, contended for the 
observance of the rules im all their strictness; the others, called 
Conventuals, advocated the possession of property to any extent by 
the body as a community, though still professing poverty as individuals. 
The Popes were partisans now of one branch and now of the other, 
during the 15th and 16th centuries; and various ineffectual attempts 
were made to efface the differences, The Fratricelli [FrarRiceLL1] 
entirely separated from them in the 15th century, or rather founded 
a new order, adopting the primitive rules of St. Francis. As early as 
1294 a number separated themselves, and formed a sub-order called 
Celestin Hermits, or Minorites; but this order was suppressed early 
in the 14th century by the efforts of the Inquisition. Im 1302 the 
Clare Brethren also formed a separate sect, who, after some time took . 
the name of Observantins. To this order belonged the nuns of 
St. Clare (as they were erroneously called, for the name was derived 
from a river in Spain, where the first establishment was formed), or 
Minoresses, whose nunnery was in London, near Tower Hill. In 1525 a 
new secession ended in the establishment by Pope Clement VII. in 1528 
of the order of Capuchins, so called from the pointed cowl or capuche 
which they added to the ordinary Franciscan habit. The Capuchins 
professed an abstinence from all worldly pleasures, and by their humility, 
gravity, and attention to their duties, ultimately acquired great popu- 
larity and influence, though they had to struggle for a long time 
against the power. and influence of the Franciscans for their very 
existence. In 1619 they acquired the right of electing their own 
general, who held office for three years. Nuns of this order were first 
instituted at Naples in 1583. During the early part of the present 
century the order was suppressed, and the possessions secularised, in all 
the Roman Catholic countries of Europe, except Portugal, Spain, and 
Sicily; but since 1814, settlements of the order have been made in 
Italy, Germany, and other places. Another sect was formed in 1532, 
by the authority of the Pope, called Reformed Franciscans in Italy, 
Recollets in France, and Barefooted Franciscans in Spain. They were 
also known as Friars Minors of the Strict Observance, from their 
rigid adherence to the original rules of the order. Other orders of less 
note were the Brothers of the Sack, and the Bridgetine Nuns. 

FRANKALMOIGNE. This tenure is thus described by Littleton 
($ 133): “Tenant in Frankalmoigne is when an abbot or prior, or 
other man of religion, or of holy church, holdeth of his lord in 
Frankalmoigne; that is to say, in Latine, in liberam eleemosinam, that 
is, in free almes. And such tenure beganne first in old time.” From 
this it appears that lands which are held by religious bodies or bya 
man of religion, are held by this tenure; but neither fealty nor any 
other temporal service is due. The spiritual services which were due 
before the Reformation are thus described by Littleton ($ 135): “And 
they which hold in frankalmoigne are bound of right before God to 
make orisons, prayers, masses, and other divine services for the souls 
of their grantor or feoffer, and for the souls of their heires which are 
dead, and for the prosperity and good life and health of their heires 
which are alive. And therefore they shall do no fealty to their lord ; 
because this divine service is better for them before God than any 
doing of fealty ; and also because these words (frankalmoigne) exclude 
the lord to have any earthly or temporal service, but to have only 
divine and spiritual service to be done for him.” 

On this section Coke remarks: “Since Littleton wrote, the liturgie 
or Book of Common Praier of celebrating divine service is altered. 
This alteration notwithstanding, yet the tenure in frankalmoigne 
remaineth ; and such prayers and divine service shall be said and 
celebrated as now is authorised; yea, though the tenure be in par- 
ticular, as Littleton hereafter (§ 137) saith, namely, to sing a mass, &e., 
or to a placebo et dirige, yet if the tenant saith the prayers now 
authorised, it sufficeth. And as Littleton hath said before rf 119), in 
the case of socage, the changing of one kind of temporall services into 
other temporal services altereth neither the name nor the effect of the 
tenure; so the changing of spiritual services into other spiritual services 
altereth neither the name nor the effect of the tenure, And albeit the 
tenure in frankalmoigne is now reduced to a certaintie contained in the 
book of Common Prayer, yet seeing the original tenure was in frankal- 
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moigne, and the change is by consent by authority of parlia- 
ment, whereunto every man is. party, the tenure remains as it was 
before,” 

The statute 12 Charles II., which abolished military tenures, ex- 
pressly excepts tenures in oigne, 

Those who hold lands in frankalmoigne must do the services for 
which these lands were given. These services are now determined, as 
Coke says, by the book of Common Prayer. The mode of compelling 
these tenants to do their duty is thus described by Littleton (§ 136) 
* And if they which hold their tenements in frankalmoigne will not, or 
fail to do such divine service (as is said), the lord may not distrain them 
for not doing this, &c., because it is not put to certainty what services 
they ought to do. But the lord may complain of this to their ordinary 
or visitor, praying him that he will lay some punishment and correction 
for this, and also provide that such negligence be no more done, &c, 
And the ordinary or visitor of right ought to do this,”.&c. 

Since the statute of 18 Ed. L., called Quia Emptores, from the intro- 
ductory words, there can be no gift in frankalmoigne except by the 
crown. This tenure, however, as Blackstone observes, “is the tenure 
by which almost all the ancient monasteries and religious houses held 
their lands; and by which the parochial clergy and very many ecclé- 
siastical and eleemosynary foundations hold them at this day, the 
nature of the service being upon the Reformation altered, and made 
conformable to the purer doctrine of the Church of England.” 

FRANKINCENSE, Common, obtained from Abies excelsa (Dec.), 
the Pinus abies of Linn., consists of two kinds of resin mixed with oil 
of turpentine. By melting it in water, and straining it through strong 
cloths, it is ee of much of its oil, when it is termed pix arida, or 
Burgundy pitch, and also white resin. 

It is scarcely now used internally, but is irritant and diuretic. Ex- 
ternally it is rubefacient, and consequently enters into the composition 
of many plasters, 

FRANKLIN. In the reign of Elizabeth a franklin was a freeholder, 
or yeoman, a man above a vassal or villain, but not a gentleman. He 
is mentioned as of this description in several passages of Shakspere’s 
plays. In earlier times he was a personage of much more di 
seems to have been distinguished from a common freeholder by the 
greatness of his possessions. Chaucer's franklin (Introduction to 
‘Canterbury Tales’) was a rich and luxurious gentleman, a chief man 
at the sessions, and had been sheriff, and frequently knight of the 
Fortescue, ‘De ibus Anglia,’ c, 29, describes the franklin as 
© Pater fcetlians neat ditatus possessionibus.” 

FRANKPLEDGE. [Lezer.]} 

FRATRICELLI, or Little Brethren, (an Italian translation of 
Fratres minores, or Friars Minors as the Franciscans called themselves) 
also called Fratres de paupere vitd,a religious sect which arose in 
Italy towards the end of the thirteenth century. They were Francis- 
can monks who separated themselves from the grand community of 
St. Francis with the intention of obeying the laws of their founder 
in a more rigorous manner than they were observed by the other 
Franciscans. . They accordingly renounced every kind of property, 
both common and individual, and begged from door to door their daily 
subsistence, alleging that neither Christ nor his Apostles had any 
possessions, either individual or in common; and that these were the 
models — St. Francis had commanded me to imitate, They 
went about clothed in rags declaiming against the vices of the pope 
and the bishops, thus preparing the way for the Reformation, 
and foretold the purification of the church and the restoration of the 
true gospel of Christ by thé real followers of St, Francis. As the 
Franciscan order acknowledges for its companions a set of men who 
observe the third rule prescribed by St. Francis, and were therefore 
commonly called Tertiarii; the order of the Fratricelli had a great 
number of Tertiarii attached to their cause. These tertiarii, or half 
monks, were called in Italy Bizochi or Bocazoi, in France Beguins, in 
aww A Begwards or Beghards, The Tertiarii differed from the 
Fratricelli, not in their opinions, but only in their manner of living. 
The Fratricelli were real monks, subject to the rule of St. Francis, 
whilst the Bizochi or Beghards, as well as the Franciscan Tertiarii, 
excepting their dirty habit and certain maxims and observances which 
they followed in compliance with the rules of their patron saint, lived 
after the manner of other men, and were therefore considered as 
laymen; but the denomination was ultimately applied to a great 
number of other orders and sects, whose followers, female as well as 
male, pursued a somewhat similar course of life. None of these, how- 
ever, must be confounded with the true Franciscan Beguines who 
grew into importance about the same time, but whose origin dates from 
the 11th century, and whose docrines gave rise to the Lollards, The 
Beghards were divided into two classes, the perfect and the imperfect. 
The first lived on alms, abstained from marriage, and had no fixed 
dwellings ; the second had houses, wives, and possessions, and were 
e in the common avocations of life like other people. Pope 
Celestin V, was favourably disposed to the Fratricelli, and permitted 
them to constitute themselves into a separate order. They were sub- 
missive to that pope, but they violently opposed his successor, 
Boniface VIIL., and subsequent popes who persecuted their sect. The 
Fratricelli were accused of great enormities in the beginning of the 
14th century, and persecuted by the court of Rome, but they found 
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account of the austerity of their devotion. 1317 Pope John XXII. | 
ordered their abolition by a bull, and on their refusal to submit, — 
were declared heretics. The Fratricelli did not always submit 
the meekness of the first Christian pe to their persecutors, but 
frequently opposed force to force, even put to death some 
inquisitors in Italy. This sect continued during the 14th —— 


directed inguish 
remnants of it existed till the reformation of Luther, whose doctrines 
they embraced. 

FRAUDS, STATUTE OF. [Srature or Fravups.] ‘es 

FRAUDULENT CONVEYANCE, ([Consmpgrarti0on.] 

FRAXININ. NITE, 

FREE BENCH is the widow's share of her husband's cones 
lands, according to the custom of the particular manor of w the 
lands are holden. [CopyHoxp.] As dower is not an incident to copy- _ 
hold tenure the quantity and duration of the widow's interest are 
regulated by the custom; it is generally a third for her life, but in — 
some manors it is a fourth part, and sometimes only a portion of the 
rent. By other customs she takes the whole for her life, and in the 
manor of Taunton Deane, in Somersetshire, the wife takes the inheri- 
tance. In some manors the widow has only a right to Free Bench 
out of the lands of which her husband died seised; in others, her right 
attaches upon all the lands held of the manor of which he was seised 
during the coverture. Frequently her estate is during widowhood 
only, and sometimes during chaste widowhood. In the manors of 
East and West Enborne in Berkshire, and Torre in Devonshire, and in 
some other parts of the West of England, there is the ludicrous custom. 
that where a widow has forfeited her Free Bench for incontinency, if 
she will come into court riding backwards on a black ram with his tail 
in her hand, and repeating certain verses more significant than decent, 
ending with “Therefore pray, Mr. Steward, let me have land 
in,” the steward is bound to re-admit her to her Free 
(Cowel’s ‘ Interp.’ ; Scriven ‘ on Copyholds.’) 

FREE CHURCH OF SCOTLAND, the uame adopted by a large 
—_ of clergy and laity who seceded from the Church of Scotland in 
— z ip ara of this secession wegeberacups: It was part of ro 
policy of the Harley ministry, in Queen e's reign, to encourage 
Episcopal party and the landed gentry of Scotland, and to depress the 
Presbyterian. In 1712 they accordingly an act (10 Anne, c. 12) _ 
restoring to its full vigour the right of lay patronage, which had been 
virtually abolished in 1690, The church became thenceforward divided 
into two parties, the supporters of patronage, or the “ Moderates,” and 
the anti-patronage men, or, as they were more lately termed,‘‘Non- __ 
intrusionists,” In 1834 the latter Ory Fair page majority in the 
General Assembly, and on the 31st of May of that year the Assembly 
passed an “Overture and Interim Act on Calls,” a measure 
known by the name of the “ Veto Act.” ‘ 

To understand the character of this measure, it is necessary to keep _ 
in view the method of collating a qualified person to a benefice in 
Scotland. The licensing of a 
induction to a benefice, are distinct acts. Many clergymen are 
licensed to preach who never obtain benefices, and in this position 
they are called “probationers.” When a licentiate receives a a 
tion to a benefice, he presents it, along with an acceptance, to the presby- 
tery within the bounds of which it lies, and they pronounce a sentence 
sustaining the presentation, and appointing such formalities as the laws 
of the church sanction, before the presentee is finally ordained and 
inducted to the benefice, The object of the Veto Act was to make it 
a law of the church that no presentee was to be held fit to be ordained 
as minister of a parish unless he were acceptable to the majority of the 
parishioners. Accordingly, by the Veto Act and other rules for 
carrying out its principles, presbyteries were directed, when a presentee 
laid his presentation before them, to appoint him to preach twice in 
the church, and also to appoint a day for “ moderating in a call,” or 
receiving dissents. If a Tap i of the male heads of families in the 
parish in communion with the church dissented, the presentee was to 
be rejected as an unfit person, There was no’ doubt that it was 
within the power of the General Assembly to settle what qualifications — 
should be required, in the way of education, character, &c., of every 
presentee ; but the question came to be, whether the church was 
entitled to require such an external test as the acceptability to the 
parishioners, and thus virtually counteract an act of parliament under 
which important civil rights were held. 

On the 14th of Se ber, 1834, Lord Kinnoul, patron of the parish 
of Auchterarder in Perthshire, issued a presentation to that parish in 
favour of Mr. Young. The presbytery applied the Veto Act to this 
presentation, and it was found that ina roll of 330 male heads of 
families, 287 dissented and pe hp to the perenne ordination. The 
presby accordingly rejected the presentee. An appeal against 
thee proeetings eatocm to the immediately os cig ecclesiastical 
court, the Synod, and thence to the General Assembly, but the acts of 
the presbytery were confirmed in both these courts, The next 
was to call in question the proceedings of these ecclesiastical tri 
in the civil courts, Accordingly an action of declarator was raised in — 
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the Court of Session by the patron and the presentee, and on the 5th 
of March, 1838, the court, by a majority of eight to five, found that 
_ the Lyew teat in rejecting the presentee on the sole ground that the 
___ male heads of families in communion with the church had dissented 
___ without assigning reasons, had acted to the hurt and prejudice of the 
Lowe legally, in violation of their duty, and contrary to statute. 
On the 3rd of , 1839, this decision was affirmed on appeal in the 
‘House of Lords. Mr. Young afterwards raised an action of damages 
; the , on the ground of his having been a sufferer by 
‘ illegal conduct, and obtained a verdict in his favour. This was 
called “the Auchterarder case.” The presbytery had refused to retrace 
their steps, and had inducted another person before preventive legal 
_ Measures could be taken in the matter. But the Lethendy case took a 
different shape. In 1835 Mr. Clark received a presentation to that 
parish from the — which the was vested. cma 
3 dissented, he was rejected by the presbytery. e mean 
_ time the crown, yielding to these proceedings as legal, issued a pre- 
sentation to another person; and thus the two presentees were able to 
a battle of the legality as a question of patrimonial right. Mr. 
not only brought an action into court, as had been done in the 
_ Auchterarder case, but he likewise applied for an interdict, the 
counterpart of what is in England called an injunction, and the Court 
of Session accordingly interdicted the second presentee from presenting 
himself, and the presbytery from inducting him. The presbytery 
eee General Assembly for instructions, and the Assembly 
: them to di the interdict of the Court of Session, and 
to put in force the Veto Act, They therefore proceeded with the 
induction of the second presentee. On this majority of the 
presbytery before the Court of Session, to answer 
to a complaint for breach of interdict ; and on the 14 June, 1839, they 
‘were at the bar of the court, and informed that a 
of the offence would be followed by imprisonment. 
celebrated Strath! case assumed an aspect considerably 
different. In June, 1837, Mr. Edwards received a presentation to the 
parish of Marnoch, which he laid before the presbytery of Strathbogie, 
the majority of whom were its of the Veto Act. A majority 
| of the communicants having vetoed Mr. Edwards, the presbytery, by 
_ the direction of the superior church courts, rejected him. A second 
7 ion to a different person was granted by the patron, but Mr. 
, a8 in the case of Lethendy, obtained an interdict against the 
i steps in favour of the second presentee, and 
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to the superior church courts, which directed 
Veto Act in force. Thus, being directed by the 
to take a particular step, and by the superior ecclesiastical 
judicatories to take one in the reverse direction, the presbytery would 
course act as their own views of a proper jurisdiction in the matter 
direct. The majority being of the moderate , they de- 
by a majority that they would obey the courts of. law, and they 
consequently took Mr. Edwards on trial, and inducted him, Then 
_ Occurred an event from which every one saw that the Church of Scot- 


On the 27th May, 1841, this suspension 
ing the members 

presbytery, . Edwards's licence 
meantime the court of session interdicted the 
of these proceedings of the ecclesiastical courts, 
clergymen of the established church 


individ or vely. The execution of the 
ition Py General Assembly was also interdicted. 
of bogie was di into two bodies—the 


one supported by the superior ecclesiastical courts, the other by the 
court of session. Both returned representatives to the ensuing General 
Assembly Hoag! but it gh apes the former who were 
declared e Assembly to uly elected, while the civil court 
_ interdicted them from as mem ‘ 


ought to be abolished. At 
t called a “claim of 


by 
partment, who left no hope in the minds of the non- 
that their “seme would be complied with. Some 
in parliament to carry a measure for legalising 
but they may be said scarcely to have had the support 
for those held that the ecclesiastical courts were 
pass such a measure into a law were not inclined practi- 


cally to admit their incompetency by soliciting the intervention of 
parliament. A further step was in progress in the civil courts. They 
had already protected individuals from the effects of the acts of the 
church courts by prohibiting these acts from being put in execution. 

ings were commenced for having these acts of the ecclesiastical 
courts annulled by the civil tribunals as courts of last resort, to which 
those who felt themselves injured by the proceedings of any of the 
constituted judicatories might apply. The court indicated that it 
would give redress, but these proceedings were suddenly stopped by. 
the event called the “ Disruption.” _, 

It is the practice for the General Assembly to meet on the third 
Thursday of May. On its so meeting, on the 18th of May, 18438, before 
the roll of members was made up, the late Dr. Welsh, professor of 
church history in the university of Edinburgh, who had been mode- 
rator or chairman of the preceding Assembly, read a protest against 
the constitution of the Assembly, signed by 120 ministers and 73 lay 
elders. A copy of this protest being left with the clerk of the As- 
sembly, those who had signed it, and their adherents, left the Assembly 
in a body, and constituted in another place ‘“ the General Assembly of 
the Free Church of Scotland,” choosing Dr, Chalmers as their moderator. 
This step is presumed to have been taken in consequence of the tactics 
laid down in the deliberations of a considerable body of the non-intru- 
sion party who had met at Edinburgh on the 17th of the previous 
November, and conducted its proceedings with closed doors, being 
called a “convention of ministers and elders of the Church of Scot- 
land.” On the 23rd of May an “act of separation and deed of de- 
mission” was adopted by the General Assembly of the free church, 
and signed not only by those clergymen who were members of the 
Assembly, but by others who participated in their views. Thus no 
difficulties were put in the way of a complete separation of these per- 
sons from the benefits and burdens of the establishment. Whatever 
previous differences of opinion existed, and whatever objections there 
were to a body such as the General Assembly of the Church of Scot- 
land, entitled to legislate and adjudicate for its own interests and 
according to its own feelings, being exempt from the control of the 
courts of law, the sacrifice of emolument and station thus made elicited 
general respect and pathy, and was creditable to the sincerity of 
those who made it. ‘The free church are now in possession of large 
sums supplied by voluntary contributions, they have established 
ministers in nearly every parish in Scotland, haye founded a college, 
and are widely e: ing their operations. 

But a fresh cause of dispute has arisen. The General Assembly of 
the Free Church claims the right of deciding on the fitness and ortho- 
doxy of the ministers of the churches in connection with it, The 
minister of Cardross having been suspended from the duties of his 
office for a definite period, and for assigned causes, by the Presbytery of 
his district, appealed from it to the General Assembly, which increased 
the penalty by ordering his total removal. From this sentence the 
minister appealed to the Scottish law-courts. The General Assembly 
demurred to the civil jurisdiction, on the ground that the minister 
had subscribed to a declaration that he would conform to the regu- 
lations of the General Assembly. The court, however, held that this 
could only apply to the ecclesiastical duties, and not to his civil rights, 
which had been injured by the General Assembly going beyond the 
question which had been submitted to them, namely, whether his sus- 
pension should be removed or not. No ultimate decision has yet been 
arrived at (January, 1860). 

FREEHOLD, An estate of freehold is defined by Britton to be 
“the possession of the soil by a freeman;” and by Sir William 
Blackstone, as “such an estate in lands as is conveyed by livery of 
seisin, or in tenements of an incorporeal nature by what is equivalent 
thereto.” Neither of these definitions is sufficiently precise ; both are 
the consequence of the tenure, not the tenure itself, 

A freehold, “ liberum tenementum,” was simply an estate for life in 
tail or in fee, held by a freeman independently of the will of the 
feudal lord, and the term was used in contradistinction to the interest 
of terms for years, and lands in villenage or copyhold which might be 
determined by the lord at pleasure. The older law writers distinguished. 
freeholds as of two kinds, in deed and in law; the first being the 
actual possession of lands for an estate of freehold; and the other, the 
right to such lands before actual possession taken. Blackstone divides 
them also into freehold estates of inheritance, and freehold estates not 
of inheritance. Neither of these divisions is of any real importance. 
In the absence of a better definition, a freehold may be described to 
be an estate in lands or tenements in fee simple, in tail, for the life of 
the holder, or for the life of another person, in dower or by the 
courtesy. Some offices also, held for life or in fee, are said to be of 
freehold tenure. 

FREE-SCHOOL, [Scxoot.] 

FREE-TRADE, ['l'rapr.] ; ' 

FREE WILL. The perplexity in which this question has been 
involved is perhaps mainly owing to carelessness in the use of terms ; 
and yet, however carefully we may select and use our terms in dis- 
cussing this question, it has always been found very difficult to state 
itclearly. Hartley puts the question thus :—He “ embraces the opinion 
of the mechanism or necessity of human actions, in opposition to what 
is generally termed free-will;” and he says, “by the mechanism of 


human actions, I mean that each action yesults from the previous 
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circumstances of the body and mind, in the same manner, and with 
the same certainty, as other effects do from their mechanical causes ; 
80 that a person cannot do indifferently either of the actions A and its 
contrary «, while the previous circumstances are the same; but is 
under an absolute necessity of doing one of them and that only. 
Agreeably to this, I suppose that by free-will is meant a power of 
doing either the action A or its contrary, while the previous circum- 
stances remain the same, If by free-will be meant a power of be- 
ginning motion, this will come to the same thing; since according to 
the opinion of mechanism, as here explained, man has no such power ; 
but every action or bodily motion arises from previous circumstances, 
or ily motions, already existing in the brain ; that is, from vibra- 
tions, w are either the immediate effect of impressions then made, 
or the remote compound effect of former impressions, or both. But if 
by free-will be meant anything different from these two definitions of 
it, it may not perhaps be inconsistent with the mechanism of the mind 
here aad down. Thus, if free-will be defined the power of doing what 
a person desires or wills to do,—of deliberating, suspending, ing, 
&c.,—or of resisting the motives of sensuality, ambition, resentment, 
&c.,—free-will, under certain limitations, is not only‘consistent with 
the doctrine of mechanism, but even flows from it; since it ap 

from the foregoing theory, that voluntary and semi-voluntary powers 
of calling up ideas, of exciting and restraining affections, and of per- 
forming and suspending actions, arise from the mechanism of our 
natures. This may be called free-will in the popular and practical 
sense, in contradistinction to that which is opposed to mechanism, and 
which may be called free-will in the philosophical sense.” This passage 
is not selected as being a peculiarly successful statement of the ques- 
tion, but simply because it shows with sufficient eeu ge what the 
matter under consideration is, and that independently of the author's 
theory of vibrations. 

Necessity, according to the common definition is that quality of a 
thing by which it cannot but be, or whereby it cannot be otherwise. 
When, in a proposition which affirms any thing to be true, there is a 
fixed invariable connection between the subject and the predicate, then 
that thing is understood to be necessary. Necessity is opposed to 
chance, accident, contingency, and to whatever involves the idea of 
uncertainty and of possible variation. It is usually distinguished into 
logical, physical, and moral necessity. Logical necessity consists in 
the circumstance that the conception of something being different 
from what it is, implies a contradiction or absurdity. In this sense 
it is n that two and two should be four, that converging lines, 
if produced far enongh, should meet: thus also the eternal existence 
of being generally is necessary, as are innumerable other truths. 
Physical necessity has its origin in the established order and laws of 
the material universe. The necessity, in this case, differs from that 
formerly specified, in that it is only conditional, is a necessity of con- 
sequence. Everything that takes place in the natural world happens 
by virtue of certain laws: these laws are known by experience to 
operate regularly and uniformly; and the results of their operation 
are hence, with reference to them, said to be necessary. When we 
ascribe anything to chance, we merely state our ignorance of the hw 
or laws to which its existence is to be referred. Physical necessity is 
founded on the relation of cause and effect. By tracing back this 
connection, we arrive at the knowledge of a great first cause, that is 
God, who is the only Being existing independently and by an absolute 
necessity, His infinity and other attributes are n 3; and it is 
evident that the purposes and acts of such a Being must be neces- 
ary, being determined by that necessity by which he is what he is. 
He must always resolve and act with the most perfect wisdom, justice, 
and goodness, ‘To affirm the contrary would be to affirm that he is 
different from what he is. Moral necessity has reference to the 
volitions and actions of rational agents, and is intended to express the 
connection between these volitions and actions, and certain moral 
causes, as inclinations, desires, or motives generally. Whether there 
be any connection which, strictly speaking, may be termed necessary, 
between such motives, and the resolutions of the human will, and the 
consequent actions, or whether, independent of them, the will has a 
self-determining power, is an inquiry which has largely engaged the 
attention of both philosophers and theologians. It is one of great 
interest, and which has an important bearing, on whatever relates to 
man as the subject of a moral government. {Wrtt.]} 

The doctrine of a universal necessity, or fatalism, was maintained by 
many of the ancient philosophers; and formed the characteristic tenet 
of the Stoical school. According to it, necessity was to be con- 
sidered as an inevitable and all comprehending principle, to which 
gods as well as men were subject. Everything was conceived to exist 

Nn necessary series of causes and effects—the whole constitution of 
nature—the modes and circumstances of all things without exception 
—being irresistibly and wunchangeably determined. Hence the 
1age of Seneca, the elegant expounder of the opinions of this sect, 
treatise “ On Providence: ’—* The same necessity binds both 
and men—Divine as well as human affairs proceed onward in an 
rresistible stream—one cause depends upon another—effects are pro- 
duced in an endless series—nothing fis the ing of chance.” 
Democritus held opinions closely resembling the Stoical doctrine of 
fate; as also Heraclitus, the founder (of the sect that went by his 
name. In modern times, the doctrine of necessity, especially in regard 


in 


and determine 
under the circumstances ; ] 
that every other man will be governed b: motives, or will act 
to motives, in the main pretty much as he would himaslt b, 
act differently under the same external the cause of t 
difference in conduct is not referred to the circumstances, in which ii 
is here supposed that there is no difference, but to some differen 
the persons. We believe, therefore, that cireumstances move men te 
Ooh, ch Cat wg Dare ch leash 9 eaten pene ot melgting Shame arious 
mokives end sizing the preponderance, ty anni ae ther, and x 
different men different . 
This may be , in a sense, a free exercise of the will, and eve 
man, at least who is of sound mind, believes that he has this 
and is su by others to have it. . 
The belief that man possesses this power is the foundation 
which forbid acts under certain penalties. All logaiohann hare 
follow a 


< 


* 
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Many persons do not violate the law because have been 
up in habits of uniform obedience to it, and the 
the law have little or no effect upon their conduct; but it 
be disputed that the fear of punishment has some effect on 
and is a motive which, operating on the mind 
the mind, produces self-restraint. ae enactment 
poses a power in men to determine how will act ; 
words, Seas at least that mts beta be prese 


: determine 
That men, then, do act under the influence of motives, 
have also the power of weighing motives, is universally 


rules of law are so many motives, which, by on th 
mind, will produce on the whole a certain line of coed pan rp 
are the objects of them. . : 
But it has been already said, that the external circumstances or thy 
motives being the same, two will often act differently under 
them. As the external motives are by the supposition the same, there 
ia ncune diffierimen'n Sha sateen Sikdels oomine the Anaemia ot. 
Under the same external circumstances, one man will violate the law, — 
and another will not; one will steal and rob, and commit murder, 
another will not, It is generally said that the transgressor of the law 
is punished oa the supposition that hia ecb is. vol 'y ; that he cc 
if he chose, have acted differently. Practically, he who executes 
law will not trouble himself with the question whether a partic ; 
Pap weeny Looald hannaaied Gitiaenity prog the circumstances; if it 
is shown that such a person possessed the ordinary understanding of 
ind, he will see no reason for remitting the punishment; because 
be baliqven: shat: fc enous chee tl nok fo alk tee pemiiy attached to a 
particular act will operate to deter people from doing it, The question 
of an absolute free-will, then, does not concern a legislator. ,It is. 
enough for him to present the proper motives for acting or not a 
in certain ways, if he believes that such motives will on the whole 
uce the conduct which he requires. Nor does the qi of 


yet it does not permit us to maintain that every act — 
is an act of absolute free-will. If it is a virtuous act, we do not 

ascribe it to a man’s careful consideration of all the motives — 
which at the time operated on him; we speak of his habits, his edu-— 
cation, his character, as the things which would ensure his acting on a — 
given occasion in a determinate way, or, if we 8o choose to express it, — 
as securing that exercise of the will which is called a proper a 
And we make the like remarks of a man who has deliberately done a 
bad act. In both cases we do not attribute the f th 
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man, nor yet the greater part of it, to his then determination. We 
 - refer to antecedent circumstances as co-operating to this determination. 
This is the language of all mankind ; and the language of all mankind, 
analysed, is the true exponent of universal opinion. 
perplexed as it often is, it contains within it implicitly 
all philosophy. Now, when we onee refer to ante- 


reasoning depend on something prior to it; and thus we 
infinite chain of events, and consequently we find ourselves 
e an inquiry which is beyond the reach of our capacity. 
4 , if, as Hartley says, “ by free-will be meant a power of beginning 
“motion,” no person can, consistently with his own ordinary language 
and that of others, maintain this proposition; if he does, he will 
contradict himself almost as often as he speaks. 

Human actions, then, are, in some degree at least, subject to the 
same general laws to which other events are subject. Every human 
action has its antecedents, on which it in some degree depends; but 

r human action is as necessary, in the sense in which 


‘Hume explains the term n , as the other phenomena which we 
see, is precisely the matter in dispute. (Hume, Essays, ‘Of Liberty 
and Necessity.’) . 


N * 
When it is said that every event and every human action has its 
antecedent on which it depends, it must not be understood that it is 
meant, here at least, to maintain anything else than this. Such ante- 
cedents are events which, ing to our experience, precede the 


to the subsequent event. Neither heat, nor moisture, nor anything 
else that we can name, is the cause or a cause of a seed vegetating and 
producing a plant like that from which it came. Heat and other 
things are conditions of vegetation as known to us. The efficient 
can only be one, which must be perpetual, and beyond which we 
no other. This efficient cause is no law of nature, a term 
which is incapable of all strict analysis. It is the will of God to those 
who admit the existence and omnipotence of the Deity. To those who 
there be such, it is something which has never yet been 


‘3 few as all human actions have their antecedents, without which, 
experience, they could not be, it follows that there 

are certain antecedents of every action which are its conditions, with- 
out which such action would never be. This cannot be denied. It is 
ordinary language of mankind e in a different form. But 
perfectly consistent with this to speak of man exercising his 

is, operating on the motives which are presented to him. 
any given occasion man is subjected to various momenta, and it 
be admitted that each man will be directed by that which to him 
time is the strongest. But if a power of estimating different 
be admitted to exist in the mind, and to exist in different 
in different d the strength of the motive is not its own 
ength acting on the passive mind; it is the activity of the mind 
which according to its power comprehends the motive completely or 
it ons is sound between human actions and other phenomena, 
and if in other phenomena the antecedents or conditions are not causes, 
_ s0 neither are the antecedents or conditions of human actions to be 

_ viewed as their causes. Man is constantly subjected to various mo- 
‘menta, motives, or circumstances, as they are often called, without 
which he would not act as he does act. These momenta are traced 

; by an infinite series to the first cause of all, just as in the bare 
eal phenomena, if we trace them far enough, we must ascend to 
If the analogy then is complete between man’s acts and 
ph the operation of all these complicated conditions in 
way determines the acts of man; but how it determines them 
no person who maintains the doctrine of 
will contend that man can set his will in oppo- 
+ is ible to conceive that God does will to 


Ese 


man - certain limits, but ooo 3 and 
an our either expressly or by implication admit 
that our free to a certain extent, which we cannot exactly 


that it is not absolutely free. It may be objected that to 
bsolute free-will destroys the distinction between actions ; 
cose the Deity as the cause of vice and misery. But 
if it be so, that will not prove a thing to be false which is 
established by the sound exercise of our understanding. No such 
however does follow. To God we attribute the origin of 
_ everything; and consistently with this we must say that he permits 
_ Vice and misery to exist in the world. It is a consequence of man’s 
‘ yok psapeagedege — the circumstances in which he 
_ is placed, e acted and does act in such a way as to cause 
misery to himself and others, * 


ee 


2E 


It must therefore be assumed that God has, for reasons unknown to 
us, So constituted man that he does not always act in the way that is 
most consistent with his own happiness and the happiness of others, 
The vicious conduct of many men in life is an object of disapprobation 
to others, and in all societies that conduct which is injurious to the 
existence of such societies is visited with penalties, Thus a vast 
majority of mankind see that certain acts are injurious to the general 
happiness, and it is one main object of society to prevent such acts. 
As God permits society to exist, we may assume that he wills it to 
exist, and that he wills generally the means by which society attempts 
to secure its own existence. It is a consequence of this that he dis- 
approves of the conduct of those whose acts endanger the existence of 
society. We cannot say that he does not will it: it exists, and there- 
fore is consistent with his general will. We are compelled therefore 
to apply to him by analogy such terms as are applicable only to our 
own limited capacities: and we say that he wills generally that all 
things shall be as they are, but that he disapproves of some. That he 
permits man so much liberty of action as to render it n for 
society to be vigilant against the evil doers who would disturb its 
repose, is no more an imputation upon his goodness than that he 
permits fire, tempest, and war and pestilence and famine to thin the 
numbers of mankind. So far as concerns those who suffer, it is the 
same thing whether they suffer from the hand of man, or from causes 
over which he has no control. It is consistent with all experience to 
say that the Deity has willed that man shall suffer pain both through 
the agency of matter and through the agency of his fellow-men. Now 
if we shall assume that God only wills our happiness in the sense in 
which many persons understand it—which would, according to their 
notions, exclude all pain and suffering—whatever misery happens 
through man’s misconduct must be against his general will, and can 
only result from man having an absolute free-will, and sometimes 
exercising it in a way different from the Deity’s wishes. There is no 
evading this difficulty. An absolute free-will in man or in any other 
being is inconsistent with the omnipotence of the Deity, and it is, as 
already shown, contradicted by all our observation of the mode in 
which man is operated upon by motives and circumstances. But there 
is nothing which prevents us from attributing to man, as we do in our 
daily expressions, a power of determining his acts, under given circum- 
stances, in one direction rather than in another, and in a wrong in 
preference to a right direction, And it is further admitted by the 
universal language of mankind, that the same man who acted wrong 
under one set of motives, might and would have acted right if he had 
been influenced by other motives; and these motives to right action, 
it is also admitted, may be and frequently are external circumstances 
over which he has no control. It is true that a man may so discipline 
himself, that, in any given circumstances which may arise, he may 
have motives at his command which shall enable him to act in the 
right direction, a power which Hartley speaks of in the passage at the 
head of this article. But if some men can do this, all cannot}; and 
even in the case of him who can do it, we may always trace the origin 
of this power to some external circumstances over which he had no 
control. Man’s will then is circumscribed by the constitution of things, 
of which he is a part. He is placed in circumstances in which he is 
operated upon by various motives to action. If it is said that he must 
be determined absolutely by that which is the most powerful, this is 
only another mode of saying that of various forces tending to make 
him move, the strongest will carry him in its own direction. But in 
truth the words force, motive, and others of a like kind, are apt to lead 
us to false analogies : and these terms require explanation. 

Every man believes at the time when he acts with deliberation that 
he has a capacity for exercising a free-will. But he also knows that 
circumstances may prevent deliberation. Thus it is a common case 
for a man to allege that if he had not been alarmed or hurried, he 
would have acted differently; or in other words, he would have been 
enabled to deliberate and decide better. No man considers it to be a 
case where the will is properly concerned when his action is thus im- 
peded, And there are numerous like cases in life in which in fact 
there is no choice or deliberation, and consequently no real exercise of 
the will. The power, then, whatever it may be, to deliberate and act, 
is often suspended or not exercised. In most cases we act from habit 
in the general course of life; in other cases from impulse ; and when 
we act from impulse, there is no deliberation or determinate will. It 
appears then that our will is not always exercised when we act, but 
that when it is exercised we are conscious of a capacity to weigh 
deliberately the various motives or grounds of action as presented by 
our own mental activity. Now if we say that the strongest motive 
thus presented must prevail and determine to action, we may, as 
above observed, be misled by a false analogy. The motive may be 
called a moving power ; and if so, it must have its effect: but to deny 
the mind all power in itself to resist the motive, is the same thing as 
to consider it an inert mass operated upon solely by an external force. 
It is the same thing as to make the mind of mana recipient of sensuous 
phenomena without any power to operate on them, The systems of 
philosophy which view the mind as such a recipient will be consistent 
in making it yield to the strongest motive without an effort of its own, 
Those systems which assign to the mind a power of operating on ime 
pressions may consistently admit a power of determining which of 
them it will obey. 
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God the creator of the universe is omniscient. To him time past, 
t, and future, is one, all things conceive him as ote Sagat Lyre 
willing all things, directing i But our acts o} Ww! on, 
it may be urged, are God's will, and therefore not man's, Therefore 
free-will in man in any sense contradicts our notion of God's power. 
To this we answer, that man’s power to will is here considered as a fact 
of which our daily experience convinces us; and further, that the 
existence of this power is a legitimate deduction from the nature of 
man’s mind, which is here sup to have an activity independent 
of all sensuous impressions. It is admitted that if our actions are 
viewed in reference to the power of God, as we conceive it, we cannot 
reconcile our notion of the freedom of our actions with our notion of 
the power of God. But there is no contradiction here. Contradiction 
implies that the things between which it arises are equally within the 
nee of our understanding. It is no contradiction to say that 
God wills all men’s acts, and that man wills his own. Both things 
may be true, though we cannot comprehend how it is so. 

FREEDMAN. ([Stave.] 

FREEMAN. [Municreat Corporations. ] 

FREESTONE. A term applied by practical masons to those de- 
scriptions of building stones which are able to be worked with the 
ordinary mallet and chisel, in contradistinction to those which are 
worked by the pick, or which it is necessary to stun. The various 
descriptions of oolites, sandstones, limestones, and the softer kinds of 
grits, are classed as freestones, and they may all be sawn, either by the 
plate or by the toothed saw; the granites, the millstone grits, the 
burrs, and the lavas or basalts, are not included in this class: nor are 
the slate rocks, though they are capable of being sawn by the plate 
saw. In fact the term freestone is only applied to those materials 
which are susceptible of easy conversion to the ordinary purposes of 
building, and the distinctly marked cleavage of the slate rocks renders 
this operation almost impossible in their cases. 

FREEZING is the solidification of fluid bodies by the abstraction of 
the heat necessary to their fluid form. It occurs by the effect of 
natural cold in many liquids; and most of them may be frozen by an 
artificial reduction of temperature. It is to be observed, that what 
are termed the freezing points vary greatly in different fluids, and their 
remaining such at different temperatures depends upon the different 
degrees of power with which they retain the heat necessary to fluidity. 
Liquids may be considered as solids in combination with heat, which 
exists in them in a latent state, and which they give out as sensible 
heat when they return to the solid form. 

In passing into the solid state, certain liquids undergo a sudden and 
often considerable change of volume, which may either be an enlarge- 
ment or a diminution. For example, when mercury is cooled to —39° 
Fahr.,a great and sudden contraction takes place; so much so, that 
when observed in a thermometer, it falls through a considerable num- 
ber of de, , and the whole of it may retire into the bulb. The 
reverse of this takes place in the case of water. In passing from 38°8° 
to 82°, its freezing point, it undergoes a regular expansion ; and in 
passing into the solid state it undergoes a further ex: ion, amounting 
to one-seventh of its bulk. And so irresistible is this expansion, that 
rocks are rent asunder by the freezing of water in their crevices; vessels 
and pipes containing water are burst ; and it was calculated, in the case 
of a strong brass globe, filled with water and closed by a screw, and 
burst by the freezing of the water within it, that the force necessary to 
produce this effect amounted to not less than 28,0001bs. When liquid 
phosphorus is gradually cooled it regularly contracts ; and, passing into 
the solid state at about 100°, it undergoes a sudden and considerable 
contraction, The same observation <n generally to oils in the pro- 
cess of freezing, and it has been remarked that, in general, bodies which 
do not crystallise in freezing undergo a sudden contraction, while those 
which do so crystallise undergo a sudden expansion. Sulphuric acid, 
however, in becoming solid, or passing from the solid into the liquid 
state, does not appear to suffer any change in volume, Cast iron, bis- 
muth, and antimony expand in solidifying ; the other metals, however, 
contract in doing so, 

What are called freezing mixtures are such as produce cold by and 
during the liquefaction of their solid ingredient, and the consequent 
absorption of the heat on which its solid form depended. Such mix- 
tures reduce the temperature of substances immersed in them on the 
principle of the transfer of heat, which always takes place from hotter 
to colder bodies when exposed to each other. 

The process used by confectioners for producing cold is by the mix- 
ture of ice and common salt, which, both liquefying, absorb so much 
heat, or in other words produce as much cold as will reduce the ther- 
mometer from the usual temperature to the zero of Fahrenheit’s scale, 
or even rather below it. If, however, freshly fallen snow be used 
instead of ice, then the fluidity is more suddenly produced and the 
cold is more intense. 

In freezing mixtures, the substances combined have such an affinity 
for each other that when intimately blended they combine chemically, 
and in doing so liquefy. The operation should be so arranged that no 
heat be furnished either by the vessel in which the liquefaction takes 
$y or from any external source. Under such circumstances, the 

t absorbed during the liquefaction must be furnished by the 
materials of the freezing mixture (in which case the reduction of 
temperature will be proportional to the quantity of heat rendered 


—< . can be maintained for hours. A mixture of three — 
parts lised chloride of calcium two parts of snow will pro-— 
duce a the 


ion of temperature sufficient to freeze m . If the 
vessel in which the ‘materials ‘sre ‘Go ‘he akan by chloibiale < 
cooled to 32°, a temperature of —50° can be produced. ; 
powerful freezing mixture is formed by dissolving solid carbonic acid — 
or solid nitrous oxide in sulphuric ether, In this wa ye 
—120° to —146° have been obtained, at which wlochi uae’ from the 
consistency of oil to that of melting wax. For more moderate tempe-— 
ratures, certain salts easily procurable may be used. Thr 4ozs, of 
nitre and 4 ozs. of sal ammoniac, both in fine powder, mixed with — 
8 ozs. of water, will reduce the thermometer from 50° to 10°, = 
parts of water, of powdered crystallised nitrate of ammonia, of 
wdered habe a carbonate of soda, will lower the temperature 
m 50° to —7°*. ae 
FREEZING APPARATUS. The first apparatus of this kind was — 
an air-pump contrived by Sir John Leslie for the purpose of freezing 
liquids in vacuo. we 
It is well known that liquids evaporate moré readily when the 
atmosphere is removed from their than when they are subject 
to its ; the caloric producing the evaporation being that which — 
exists in the liquid itself, and that which, in consequence of the dis- 
turbance of the equilibrium, enters the liquid from the ‘zc 
bodies: hence, if there be a quantity of sulphuric ether ina 
under the receiver of an air-pump, and in it there be placed a vessel or — 
tube containing a small quantity of water, on exhausting the receiver 
the ether will rapidly e , and, the operation of anton or 
continued, the vapour will be carried off as fast as it is 
caloric in the water is withdrawn at the same time, and at length 
water is converted into ice. 3 
In order to produce the congelation of water by a rapid evaporation 
from its own under the exhausted receiver of an dy 
Leslie introduced into the receiver a shallow vessel containing highly : 
concentrated sulphuric acid, above which was placed the vessel con-— 
taining the water. The air being extracted as quickly as possible, the 
vapour—which, in consequence of the removal of the pressure, escaped — 
continually from the water, even at the medium tem of the 
atmosphere—was, by the strong attraction of the acid for it, absorbed 
as fast as it rose ; and in two or three minutes the quantity withdrawn 
from the water was sufficient to allow a congelation of the water to — 
take place. Instead of sulphuric acid, any substance which (as dry 
potash, muriate of lime, or calcined powder of basalt) has a strong — 
attraction for humidity may be used; but the first, if highly concen. — 
— , is the most creer a Ag: 

e air-pump employ e purpose Leslie was constructed _ 
in the usual manner, but of large Bin sn, order to obtain ice in. 
considerable quantities, and the receiver was a segment less than a 
hemisphere, that the air contained in it might be extracted as 
as possible. The sulphuric acid or absorbent earth was contained in a 
shallow vessel of glass, nearly equal in diameter to the base of 
receiver ; and from the centre of the vessel rose a hollow cylinder, 
the top of which, above the acid or earth, rested the cup of glass, or — 
rather of unglazed earthenware, which contained the water to be 
frozen. Machines of this kind have been varied in different eo 


_ 


from the first vessel ot orb 
increases, it assumes the liquid state ready to be evaporated, 
Thus the process is continuous, and there res appreciable loss, The — 
first and second vessels are surrounded by water, and the cold caused 
by the rapid evaporation of the ether in the former vessel causes the _ 
water surrounding that vessel to freeze, while there is, of course, a 
0! ing elevation of temperature in the water which surrounds: 
the other vessel where condensation takes place, The only expense is 
said to be for motive power, which is supplied by a steam-engine of — 
10-horse power, and it is stated that 1 ton of coal economically ss 
is equal to the production of 4 tons of ice. The apparatus was exhi- — 
bited in London in the summer of 1858, and is now, we believe, in 
Australia, ‘a 
Leslie, by means of the like apparatus, succeeded in freezing mer- 
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the absorption of caloric from a coating of ice in which the 
bub of a thermometer was enveloped. In the performance of this 
experiment, the thermometer was suspended from a wire which, 
passing through a collar of leathers at the top of the receiver, could be 
raised and lowered at pleasure. A cup of water was above the 
thermometer, 


itting the air, and removing the receiver, a portion of the 
“mercury in the ball of the thermometer was found to be frozen. In 
another iment, the mercury was inclosed in a mass of ice 
beat into the form of a cup, and suspended above the sul- 
uric in a small net made of wire. The m was introduced 
the cup of ice, and on it was poured a small quantity of water. 
f ad ing the receiver, the water was immediately frozen, so that 
f merc 


ury was then completely enveloped with ice; and in a few 
removing the receiver, the mercury was found to be 
L fog pa 
G AND MELTING POINTS, a term applied to the 
_ temperatures at which certain liquids become solid, or certain solids 
_ become liquid. Thus, mercury becomes solid at —39° Fahr., oil of 
yitriol at —30°, bromine at —4°, water at 32°, phosphorus at 111°5°, 
and soon. These points are also entered as fusing points. [Fuston.] 
Thus we that yellow wax, on the reduction of the temperature, 
becomes solid, and also, on being heated, begins to fuse at 143°6°, 
iodine at 224'6°, sulphur at 239°, tin at 451°, nitrate of soda at 
591°, lead at 620°, nitrate of potash at 642°, zinc at 773°, antimony at 
about 900°, silver at 1773°, copper at 1996°, gold at 2016°, cast iron at 
2786°, and wrought iron at about 3280°. 
there is nothing essentially different in the passage of 


ich water becomes solid, the term freezing is 
rather the point of solidification, or, as before 
. It is remarkable that the freezing point of 
expands in freezing, becomes lowered to a minute 


by ing the water to strong pressure. 
jomson, of G Ww, & pressure of 8°] atmo- 


‘ahr., and a pressure of 16°8 
bodies which contract in becoming 
id to be raised by pressure. Thus, 
i became solid at 117°9°, 


contact, a more or less considerable degree of cold is 
produced. Such mixtures are denominated freezing mixtures. 
.. The on which the action of freezing mixtures depends is 


disappeared, the thermometer taking no note of it. Again, the same 
_ body, water,-wheh’ exposed in a vacuum under favourable circum- 
stances, takes up so much heat in assuming the gaseous condition, that 


portions of it are converted into ice; the one that boils away 
__ robbing the remainder of the heat that kept it in the liquid state. 
From the fact that water in passing from the solid to the liquid 


* has the property of taking up, or rendering latent, a greater 
oe heat other substance, it follows that solid water 
4 i lucing artificial cold, and this 


in prod 
the case. ed in the form of 
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Thermometer Degree of cold 


Mixtures. Parts. sinks produced, 
a ap at ae Se testo \ From 450° to +239 = 27° 
Sulphate of soda . ri + $8 ° ne a 
Dilute nitric acid 2 i eae OP. Wo + 90 eae 
Sulphate of soda . 6 
Nitrate of ammonia . 5 ) From +50°to -14° = 64° 
Dilute nitric acid . . 4 
Phosphate of soda. are } } ° 7 eps 
Dilute nitricacid. =. 3. 4g FTOM+50°to-129 = G2 
Sulphate of soda 4 oyee 8 3 ‘ 
Hydrochloric acid P seb fete FOO" to —8 53° 
Snow A) era F 
Common salt % 5 >) From +82°=57° to — 25° 
Nitrate of ammonia . 5 
Snow . . . o a8 o ° wld ° 
Hydrochloric acid. 3 | From +32 a ai 
Snow . : b Fr. noe | ° Le, ee 
Chloride of calcium. |. 5 } From +32 BS AOE) (eats 
Snow ,. * e . amy 3 gt ee wang 
Chloride of calcium (crystals) 3 \ rom PROTA CEH oom) 88 


The rapid evaporation of ether in vacuo has recently been rendered 
available for the manufacture of ice upon a large scale, and as the 
ether is evaporated and condensed again by steam power, it may be 
truly said of the process that it produces ice by the combustion of 
coal. It is found that the combustion of one ton of coal yields about 
five tons of ice. ; 

For common experimental purposes the most convenient freezing 
mixtures are the sulphate of soda and hydrochloric acid, or salt and 
powdered ice. 

FREIGHT. The charge made for the carriage of merchandise in a 
ship, and the amount of which is generally specified in the bill of 
lading. [Brn or Laprne.] It frequently happens that the whole 
ship is hired by a merchant for the performance of the voyage, and in 
this case a certain amount of freight is paid without reference to the 
quantity of goods actually put on board, which may be sufficient to fill 
the ship, or any quantity ? eae of the same. In such cases the mode of 
payment is part of the matter of agreement between the ship-owner 
and the merchant, and the instrument by which this and other stipu- 
lations are set forth is called a rst ike Where no such instru- 
ment exists, and the shipper of goods does not stipulate for the right 
of using the entire portion of the ship appropriated to the reception of 
her cargo, the amount of the freight, as well as the mode of payment, 
is usually inserted in the bill of lading. Where this is not done, the 
freight is by law considered due on the part of the merchant on the 
delivery of the goods, and the owner or master of the ship may, if so 
minded,demand payment of the same, package by package, as the same 
are delivered, In almost all branches of trade, however, some custom in 
this has arisen which is ordinarily pursyed, and the legal rights 
of the ship-owner are not enforced in this respect. In London, where 
the greater part of the merchandise brought from foreign countries is 
delivered into the custody of one or other of the incorporated dock 
companies, a custom has arisen of arresting the goods in their hands, 
so that they cannot pass away from the original importer until the 
ship-owner, or some person acting on his behalf, has signified in writing 
that the freight has been paid. If goods are damaged on board the 
ship, through the carelessness or wilful neglect of those in whose charge 
she and her cargo are placed, so that the owner of the ship is held to 
be liable for the amount of the damage, this cannot, but with the con- 
sent of the owner or master, be set off against the amount of the 
freight, which must under all circumstances be paid,and the merchant 
must afterwards substantiate his claim to compensation for the amount 
of the damage. 

FRENCH CHALK. [Cotovrine Marrers.] 

FRESCO PAINTING. A painting is said to be a fresco, or painted 
in fresco (sul fresco intonaco, upon the fresh coat), when it is executed 
in water-colours upon a freshly plastered wall, while the plaster is still 
wet; or upon wet plaster spread upon a wooden frame or any other 
object. Fresco is the most noble and imposing of all methods of 
painting. It does not admit of the softness, delicacy, or finish of 
execution, or the richness and depth of colour, of oil-painting; but the 
very want of the inferior beauties compels the painter to rely upon the 
highest intellectual conception, composition, drawing, and expression, 
united with a largeness of style and freedom of handling, which can 
only result from great technical knowledge. It is therefore only in 
the hands of the great painter that fresco is likely to be really successful. 

Colouring in fresco was practised by the ancients, though it has 
not yet been shown that they painted frescoes. Some of the walls at 
Pompeii are coloured in fresco, but their decorations are executed in 
some species of tempera upon the fresco coloured wall. This is evident, 
because in many places the paintings have cracked off, and exposed the 
original colouring of the ground in perfect freshness, and the same as 
the rest of the wall where no decorations are painted. The Roman 
term equivalent to fresco is udo tectorio, and it is used by Pliny (‘ Hist. 
Nat,’ xxxv. 31), who gives directions as to what colours it is safe or 
unsafe to apply in this manner. Vitruvius (vii. 8) explains the mode 
of preparing the walls for this species of colouring, and describes a 
method of varnishing them when coloured, to preserve them. They 
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first covered the wall with a layer of ordinary plaster, over which, 
when dry, they placed successively three other layers, of a finer quality, 
mixed with sand ; above these they placed again three layers or coats, 
of a composition of chalk and marble-dust, the upper coats in this case 
being each added before the under one wis dry, and successively of 
finer qualities. By this elaborate process the plaster formed a solid 
mass, as it were, of marble; was capable of being cut away and trans- 
ported in a wooden frame to any distance ; and sometimes even tables 
were formed of it. (Vitruvius, ii. 8; Pliny, xxxv. 49.) 

The of varnishing the walls when coloured, Vitruvius terms 
(vii. 9) a Greek practice, called xaicis,“a burning.” When the wall 
was coloured and dry, Punic, or purified and bleached, wax, melted and 
tempered with a little oil, was rubbed over it with a hard brush; this 
was made smooth and even by applying a cauterium, or iron pan filled 
with live coals, to the surface, near enough to melt the wax: it was 
then polished with a linen cloth. [Encaustic Parntrxa.] 

Fresco was not generally practised by the early Italian painters, and 
it appears to have been first used in the 14th century, simply as a 
preparatory process, the work being finished in tempera, The earliest 
works in buon fresco are in the Campo Santo at Pisa (about 1390), in the 
church of Assisi,in the cathedrals of Orvieto and Siena,and in San Miniato 
and Santo Spirito at Florence. Thenceforward the practice of fresco 
improved with the progress of the art of painting, until it reached its 
greatest excellence in the hands of Miche 0, Raffaelle, and their 
contemporaries, whose test works were all executed in this manner. 
With the decline of the art, fresco fell gradually into disuse. Its revival 
dates from about 1816, when the young German painters, Cornelius, 
Overbeck, Veit, and Schnorr, undertook to paint with frescoes the 
Villa Bartholdy at Rome. Ludwig, then crown-prince, afterwards 
king of Bavaria, warmly patronised the new art,and at a large expendi- 
ture, continued through many years, afforded the young painters ample 

rtunities for a thorough study of the works and processes of the 
ola t masters ; and, in the magnificent Glyptothek, the Ludwigs-Kirche, 
the new palace, and the Pinacothek, at Munich, of exercising their 
own powers on a colossal scale. With Hess, Kaulbach, and other 
German artists, these, the earliest practitioners, have succeeded in 
restoring the art to nearly all its former soprenmney and many of their 
intings rival in purpose and magnitude, if not in power, the most 
portant works of the great masters of Italy. Fresco has also been 
tised to a considerable extent in France, and some excellent works 
ve been produced there. In our own country great attention was 
called to the process, by the recommendation of the Commissioners of 
the Fine Arts that the new houses of parliament should be adorned 
with fresco-paintings. As is well known, in pursuance of this recom- 
mendation, a large number of fresco-paintings have been executed with 
more or less success by artists of eminence in the house of lords, 
robing rooms, peers’ and commons’ corridors, and various chambers. 
Some of these are highly effective works, but as a rule English painters 
have not as yet Sarared | sufficient familiarity with the process to work 
in it with the n freedom and decision. Of the earlier frescoes, 
especially those of subjects from the English poets in the upper 
waiting hall, some have greatly faded or otherwise in 
appearance, owing as is believed to damp in the walls. In the frescoes 
recently executed, and now in course of execution, much greater pre- 
caution is taken to ensure their permanency. The example set in the 
new palace of Westminster has not hitherto been so extensively 
followed in this country as might have been anticipated. The principal 
frescoes since executed here have been a series in a garden saloon at 
Buckingham Palace; those by Mr. W. Dyce, R.A. (already distinguished 
by his frescoes in the new palace), above the altar at All Saints’, 
Margaret Street; and the ‘School of Legislation,’ by Mr. Watts, 
which covers the north end of Lincoln’s Inn Hall. This last is pro- 
bably the largest fresco executed since the time of Michel Angelo, 
with the exception of the ‘ Last Judgment,’ by Cornelius, in the 
Ludwigs-Kirche, Munich: the Lincoln’s Inn fresco is 50 feet by 34; 
that at Munich, 60 feet by 30, 
1. Walls.—We now proceed to give a more particular account of the 
employed in fresco-painting. Frescoes are painted on four 
ifferent kinds of walls: in the old gothic buildings, on ashlar walls 
covered with a thin coat of plaster; in more recent buildings, on brick 
and rubble walls; and in some of the most recent edifices, on lath 
covered with various thicknesses of plaster. In many old buildings 
the walls as built were very uneven, and no attempt was made by the 
plasterer to correct a defect so detrimental to the appearance and pre- 
servation of a painting, through the settlement of dirt and the injury it 
undergoes in cleaning. The plaster is liable to fall away from ashlar 
aed ggg if the stones are large and the joints > fen as in the 
cath of Siena and Orvieto; in the church of Assisi, where the 
stones are small and not closely jointed, the plaster has a better hold and 
is generally still firm, tt adiclar aol Gaainaiia iia tlemes ond are the 
worst of all walls for frescoes; brick, rubble, and lath are much better, 
and nearly all equally good if well constructed. Mr. Wilson, then 
director of the Government School of Design, in his report to Her 
Majesty's Commissioners on the Fine Arts, respecting the state of the 
middle age frescoes and other mural paintings—to inquire into which 
subject he was expressly sent into Italy—ascertained upon what species 
of wall the various frescoes of the most eminent Italian painters were 
executed, and reported as to the actual condition of those works, 
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2. Plaster and Lime —The method of ing the walls for painting 
has been nearly uniform in most ages. of the baths of Titus 
ub Rome are ‘creered fist wilh & Liver, Sboes ak 5, aa 
coarse sand and lime ; above thisa het lays Of thee et oe 
with an admixture of sand and pounded ;. the third and 
coat is of lime and ed marble, The thin oggn of the Valo, 

inted by Giovanni da Udine, is much the same as this; the 
fayer upon the lath te 9 ith cons of coarse sand and lime, the second 

the third is of lime 
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In ing for inti e li 
obas'te ies Bek coal or roughceall ut it is indispensable in the 
coat, or intonaco, upon which the painting is 
rections are given by writers on art as to the 
other materials for the several coats, and = agree in 
The oldest writers are Cennino Cennini Leon Battista 
Cennini’s ‘ Trattato della Pittura’ was written in 1437 
published in Rome by the Cavaliere Trambroni in 182 
translation of it, by Merrifield, was published in 1 
of Alberti, ‘De Re EdificatoriA, though written after the 
Cennini, was published shortly after Albertis death, in 1485 
brother Bernardo, 

Cennini recommends that both lime and sand should be 
and if the lime be rich or recently slaked, that there 
parts of sand to one of lime; that enough for fifteen or 
should be prepared at a time, and that it be kept 
to render it less caustic, for if too caustic, the intonaco 
Alberti of three coats as necessary: in the first, or 
he recommends the use of pit sand and pounded bricks ; in 
or sand-coat, he recommends river sand; in the third 
should be white, he recommends pounded white 
sand; but finely sifted well-washed river sand 
intonaco ; these three coats were called by the Italians—the 
rough-coat; the arriciato, sand-coat; and the intonaco, 
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gro Cennini s only of two coats, both of which he terms 
intonaco, Similar ions in essentials are given by in his 
treatise ‘De’ Veri Precetti della Pittura, Ravenna, 1587; at the end — 
of the treatise on ive, ‘La Prospettiva,’ Andrea P 
Rome, 1693; and in still greater detail by Palomino, in his work ¢ 
Museo Pictorico y Escala ca, Madrid, 1715. Various other 
writers also have given more or less concise directions for fresco painting, 


but they contain scarcely any information that is not given at 
sn. 2 in Ay above-mentioned won. from yin Se = 
ie sev important extracts in an Appendix to Report 
Commissioners on the Fine Arts’ for 1842, What follows here from 
directions Aha Wc utes, Hess, and other foe contem: 
inters, from same Report, agrees in every 
the advice of those earlier practitioners in the art. 
The selection of the limestone to be employed in fresco 
both for the ground and for the white, is a matter of great importance ; 
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of the in Santa Maria di Castello, painted by Justus de 
Alemania, or Justus of Germany, in 1451. The lime used by the 
fresco ters of Munich is made of the marble pebbles brought 


down the Bavarian Alps by the Isar. Excellent limestone for 
6. orden found also in England, on Durdham Down, in the 
Loe of Bristol, and in other parts. Anal: of all these 
and other varieties are given in the Reports of the Commissioners of 
_ the Fine Arts. 
_ Modern fresco painters recommend the lime to be kept a much 
: ig period than Cennini and other early writers direct. If used too 
‘ , it blisters, and sometimes turns the colours to a brownish red; 
uires to be mitigated, but not destroyed, before it 
‘is used. On this subject Sir Charles Eastlake's Report contains several 
scientific observations, upon the authority of Mr. R. Phillips, from 
which we learn that the non-caustic state of lime is arrived at when, 
_ by exposure to the air or by other means, it is restored to the state of 
a carbonate or has regained its maximum of carbonic acid. If buried 
and kept air-tight, it cannot acquire the carbonic acid which renders it 
non-caustic. Time therefore no effect on pure lime, whether 
slaked or unslaked, provided it be not exposed to the air or some other 
source of carbonic acid. 
The lime used for the intonaco in fresco painting must, however, not 
‘be entirely carbonated, or it would not set; a certain degree of 
caustici necessary—how much, however, can be learnt probably 
only; and this is the greatest igre difficulty in the 
must be executed while the intonaco is wet or soft; 
no more work therefore ought to be commenced than can be com- 
leted within the time (a few hours) that the plaster requires to 
en. Numerous joints are thus necessary in a large fresco, and 
the judicious painter will contrive that these joints shall be identical 
with the inner outlines of the parts of the figures and their draperies, 
or any other object, so as to be no disfigurement to the work. 
Cornelius recommends the following mode of preparing the lime. 
A pit, lined with brick, is filled with clean burnt limestones, which, 
on being slaked, are stirred continually until the substance is reduced 
- to an impalpable consistence. Clean river-sand is then spread over the 
surface, to the depth of a foot or more, and then the whole is covered 
with earth so as completely to exclude the air. It is allowed to remain 
in this condition for at least three years: it retains its moisture for 
t™any years. It is excluded from the air, for the reasons assigned 
above, that it may retain its causticity, and not become entirely 
carbonated. But there appears to be no real necessity for keeping the 
___ lime so long buried ; and river-eand should be used with great caution. 
erating to employ a ground darker than the usual white intonaco for 
| some the paintings e was engaged on in the new palace, Mr. Dyce 
k of the dark gray sand of the river Lune in 


Vorkshire and_“ the result was enco .” But desiring to be 
2 to Professor Hofmann, 


_ assured as to its chemical properties, he appli 
who, on analysing it, discovered that the dark colour was attributable 
_ to the presence of iron prrites, and pointed out that an “ intonaco 
- deri its tint from such a cause, when exposed to the action of the 
% , is likely to crumble much sooner than one in which sand 
_ free iron pyrites is employed.” But as Sir R. Murchison 
_ Observed, river sands nearly always “ contain impurities and oxidisable 
_ Substances which would be sure to affect the intonaco.” “The analysis,” 
tinues Sir Roderick, “ of the old Paduan frescoes (of Giotto) shows 
there was scarcely a trace of iron in the Italian mixture, which 
, made up of the purest silicious sand which could be 
one of the ine limestones or pure marbles of the 
ly all of which contain some magnesia. The sculptors 
inters, and the rejectamenta of the former may prove 
le material for mixing up with the pure white sand, for 
eharged with carbonic acid, Besides, by this process one 
material would be Italian, and possibly, if. not probably, the 
used by Giotto.” (Eleventh Report.) This last is a hint 
to. 
Fresco.—Cornelius recommends three years’ in- 
terval ven the ros aphieset of the wall and the arma 
‘ preparation for painting, unless the lime used in the first 
instance be very old, when een six and twelye months will be 
sufficient. Before laying on the intonaco the prepared ground must be 
repeatedly wetted with rain-water or boiled water, or still better, 
distilled water, until it will absorb no more; then a thin moderately 
Tough coat of plaster of sand and lime must be laid over as much of 
> Been surface as can be painted in one day; as soon as this coat 


ins to set, in about ten minutes or so, another thin coat must be 
__ laid on with a wooden trowel, somewhat fatter, that is, with more lime 
and less sand, or with about equal parts of lime and fine river-sand ; 
= layers ye being scarcely a quarter of an inch thick. Upon 
_ this coat the fresco is to be painted: if the surface as left by the 
wooden trowel is found to be too smooth, it can be made slightly 
rough with » dry brush. This intonaco will be fit to paint upon in 
about a quarter of an hour : it is hard enough to receive the colour as 
soon will not yield to the pressure of the finger; if too soft, the 
will wash up the sand. The first process in executing the 
is to pounce or trace the outline of the allotted work, from the 
ly prepared cartoon, of the same size as the fresco, upon the 
aco with hard point (the artist must please himself as to the 


method of tracing); then the painting may be commenced in thin 
pono washes, from the finished coloured sketch, which must be 
p so as to be conveniently seen while at work; for the process of 
fresco-painting should be simple copying ; the mere execution requires 
80 much attention, that it is necessary for the painter to be relieved of 
every other consideration. After the first wash is finished, an interval 
of twenty or thirty minutes should be allowed for the absorption of 
the water before commencing the second painting, otherwise in 
retouching and elaborating the design the surface would be washed up 
and the work destroyed. While the intonaco is wet, a repetition of 
the same tint will have the effect of a darker tint, as in water-colour 
drawing: the retouches for strengthening and rounding should be 
hatched, and, where great depth or force is required, repeated 
hatchings are necessary. The surface must be constantly kept moist 
(but not wet) while painting, or the superadded colour will not unite 
with what is beneath ; the work is finished by glazings and washings. 
When the portion of the picture allotted for the day’s work is com- 
pleted, the superfluous portions of the intonaco should be carefull, 
cut away. In the next day’s operation the surface must be wet 
as before, and the edging of the finished piece carefully moistened 
with a brush. If it should be necessary to leave the work for an 
hour or two, it may be kept moist by pressing a wet linen cloth 
inst it, by means of a board padded and covered with a waxed 
cloth a the board may be propped against the wall by a pole from the 

‘oun 
ot a piece of work should be unsatisfactorily executed, or accidentally 

, it must be entirely cut away, and the whole operation be 
commenced afresh. A fresco cannot safely be retouched when dry, 
but if retouched the vehicle should be vinegar and the white of egg; 
this answers well for the shadows : the lights are sometimes heightened 
by 00 made of pounded egg-shells. It is useless, however, to 
retouch a fresco in the open air, as the rain would wash all retouches 
away ; the fresco itself is not injured by rain. 

The colours used in fresco-painting are all ground and mixed in 
water, boiled or distilled; they are chiefly earths; no vegetable and 
few mineral colours can be used with safety, but there is a mode of 
rendering vermilion durable. The white used is exclusively lime 
which has either been well washed and long kept, or, by boiling and 
repeated manipulations and drying, is rendered less caustic. The 
following colours are used by Hess, the eminent German fresco- 

inter :—yellow, all kinds of ochres, raw siena; red, all kinds of 

urnt ochres, burnt siena, oxides of iron, and lake-coloured burnt 
vitriol; green, terra-vert, or Verona green, cobalt-green, and chrome- 
green; blue, ultramarine pure and factitious, cobalt. These colours 
are ectly safe; chrome-yellow and vermilion are also used, but 
= in every case with success. Lime destroys all animal and vegetable 
colours, 

The tints should be carefully prepared and kept in pots, and if a 
great quantity of any one tint should be required in one picture, it 
should all be prepared at once, as it is almost impossible to match tints 
exactly, as they are of different degrees when wet and when dry. 

The brushes are of the ordinary materials, but should be somewhat 
longer than those used in oil-painti In addition to hogs’-hair tools, 
small a ea of otter hair in quills are used: other hairs will not 
resist the lime, which burns and curls them. The palette, commonl 
made of tin, with an edge to prevent the colours from running off, 
should be covered with varnish, to preserve the tin from rust. 

To know when to leave off is a great art in oil-painting, but in fresco 
it is of the utmost importance. On this subject Hess says, “If the 
touches of the pencil remain wet on the surface,and are no longer 
sucked in instantaneously, the painter must cease to work, for hence- 
forth the colour no longer unites with the plaster, but when dry will 
exhibit chalky spots. As this moment of time approaches, the 
absorbing power increases, the wet brush is sucked dry by mere 
contact with the wall, and the operation of painting becomes more 
difficult, It is therefore advisable to cease as soon as these indications 
appear. If the wall begins to show these symptoms too soon, for 
example in the second painting, some time may be gained by moisten- 
ing the surface with a large brush, and trying to remove the crust or 
setting that has already begun to take place; but this remedy affords 
but a short respite.” A 

Fresco-painting as thus described is sometimes termed by Italians 
buon-fresco, to distinguish it from another method which they term 
Fresco-secco, dry fresco. 

Fresco-secco. is practised at Munich as follows, as described in Mr. 
Wilson’s report :—The plastering of the wall having been completed 
as for buon-fresco, the whole is allowed to dry thoroughly. Before 
painting, the-surface of the intonaco must be rubbed with pumice- 
stone, and on the evening of the day before the painting is to be 
commenced, it must be thoroughly washed with water mixed with a 
little lime ; it must be wetted again the next morning, and it is then 
ready for pouncing or tracing the outline, and painting; the wall must 
be kept constantly moist by means of a syringe. The colours used are 
the same as in Luon-fresco, and the work is very durable, All fresco 
painters do not trace their outlines from cartoons, but it is the safest 
practice, and has been adopted by all the best masters. Fresco-secco is 
a good method for decorative painting, for which it is now much 
employed. 
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4. Cleaning and transferring Frescoes.—Frescoes are best cleaned 
with bread. The mouldy appearance which sometimes shows itself 
can be removed with a wet sponge, unless it arise from saltpetre in 
the walls, in which case there is no remedy. These injuries must be 
provided against in the construction of the walls: the vertical progress 
of damp may be intercepted by covering one of the lower courses of 
bricks or stones with sheet lead, which must be protected on each 
side by a coat of pitch; the wall may be then continued as usual. 
Frescoes may be safely washed with a soft sponge and water; vinegar 
and wine may likewise be used with safety; even frescoes that have 
been whitewashed over can be washed clean. The frescoes by Raffaelle, 
in the Stanze of the Vatican, though covered with nearly two centuries 
of dirt, were washed with wine by Carlo Maratti. 

As many valuable frescoes, if left in their original localities, must 
have inevitably perished, through the bad construction of the walls, 
unfit situations, or from other causes, the invention of some mode of 

emoving them from their objectionable situations became an object of 
ae dnerent, and several very ingenious methods of transferring 

from walls have been devised, and often practised with 

success. Mr. Ludwig Gruner removed and transferred to canvas, in 
1829, at Brescia, some frescoes by Lattanzio Gambara, in the convent 
of St. Eufemia, in the following manner :—the first process was to 
clean the wall perfectly ; then to pass a strong glue over the surface, 
and by this means to fasten a sheet of fine calico upon it. The calico, 
being made fast by the glue to the irregularities of the wall, was itself 
covered with glue, and some strong linen glued over it. “In this 
state heat was applied, which caused the glue, even on the fresco, to 
sweat through the cloths, and to incorporate the whole. After this a 
third layer of strong cloth was applied on a new coat of glue. The 
whole remained in this state two or three days (the time required ma; 
vary according to the heat of the weather), The superfluous clo’ 
extending beyond the painting was now cut off so as to leave a sharp 
edge : the operation of stripping or rolling off the cloths began at the 
corners above and below, till at last the mere weight of the cloth and 
what adhered to it assisted to detach the whole, and the wall behind 
ap white, while every particle of colour remained attached to 
the cloth. To transfer the painting again to cloth, a stronger glue is 
used, which resists moisture, it being necessary to detach the cloths 
first used, by tepid water, after the back of the painting is fastened to 
its new bed.” 

Some frescoes by Paul Veronese, in the Morosini villa, near Castel 
Franco, were transferred by Count Balbi of Venice, Cloth was 
fastened to the wall by means of paste made of beer and flour, and 
rivetted to the irregularities of the surface by means of a hammer 
composed of bristles. 

Cicognara, Del Distacco délle Pitture a Fresco, 1825, in ‘ Antologia 
di Firenze,’ vol. xviii. num, 52; Baruffaldi, Vita di Antonio Contri, 
Pittore e Rilevatore di Pitture dal Muro, Venice, 1834 ; Forster, Beitrdge 
cur neuern Kunstgeschichte, Leipzig, 1835; Cenni, Sopra diverse 
Pitture staccate dal Muro e trasportate su Tela, &c., Bologna, 1840; 
Eastlake, Materials for a History of Oil Painting, 1847, (chap. vi.); 
Contributions to the Literature of the Fine Arts ; Mrs. Merrifield, Original 
Treatises dating from the 12th to 18th centuries on the Arts of Painting, 
2 vols. 1849; Taylor, Manual of Fresco and Encaustic Painting, 1843 ; 
the Appendices to the Reports of the Commissioners on the Fine Arts, 
from the 2nd Report published in 1842, to the 11th published in 1858, 
which contain much important matter connected with fresco-painting, 
including many details on subjects to which there is not space in this 
article even to allude. 

FRET, in musical instruments of the stringed’kind, is a wire fixed 
in the neck, for the purpose of marking the exact part of the finger- 
board to be pressed for the purpose of producing certain sounds. 
Frets are now never applied to any instruments except guitars, 
lutea, &c. 

FRIARS, from the French fréres, a term in strictness meaning the 
brethren of a community, but more particularly applied to a new order 
of religious persons, who mostly sprang up at the beginning of the 
18th century, and were encouraged in the hope of restoring respect to 
the monastic institution, the ample endowments of which had led it to 

erate from its primitive austerity, and yield to luxury and 
indulgence. : 

The friars consisted of Dominicans, Franciscans, Carthusians, Cis- 
tercians, Trinitarians or Maturines, Crossed or Crutched Friars, Austin 
Friars, and Bonhommes or Good Men. These last were brought into 
England by Edmund, ear] of Cornwall, in 1283, and a colony of them 
was placed at Ashridge in Buckinghamshire, The Capuchins and 
Observants were distinctions of the Franci Friars. 

A Accounts of the principal orders will be found under their respective 
ends. 


the exercise of a force opposed to the continuance of motion, At the 
present day it is customary to consider Friction under two heads, the 
Friction of sliding, or that which is produced when the moving body 
passes constantly over the same part of the fixed surface, or vice versd ; 
and the Friction of rolling, or that which is produced when the parts. 
of the surfaces of contact are constantly changing their relative 
positions. ‘ 
Amontons, Bulfinger, Parent, Euler and Coulomb, were amongst 
the earliest writers on physics who treated the subject of Friction, — 
and their researches have been confirmed and developed by the labours 
of Fergusson, Vince, Navier, Morin, &c. The laws deduced by these 
observers may be thus briefly stated. , 
1. Friction is proportional to the normal pressure which the 
surfaces of contact exercise on one another, but it varies ing to 
the nature and the state of the surfaces of contact, and is i p 
of the velocity of movement, or of the extent of the surfaces. The 
above law is, however, limited in this sense, namely, that when the 
pressure exceeds a certain point, the surfaces are as it were driven into — 
one another, and the friction of the bodies in motion increases without 
any a pene rule; it becomes in fact abrasion. are 
2. When bodies have been for some time in contact, especially if 
they should be of a compressible nature, the sliding friction will be — 
found to be greater at the commencement of motion than at a subse- 
quent period. A slight blow in the direction of the intended motion 
will produce a sufficient movement to obviate the effects of this 
tem; increase of resistance. The coefficient of friction is the — 
term applied to the force which it is necessary to exert in order to — 
overcome the resistance directly opposed to motion ; and, as it is pro- 
portionate to the normal pressure exercised by the two surfaces in 


contact, it is expressed by the simple formula f=*, in which f=the 


coeflicient required, F=the resistance ascertained experimentally; and — 
p=the pressure. Elaborate tables of the coefficients of sliding and — 
rolling friction have been drawn up by Morin; and others are quoted 
by Poncelet in his ‘Introduction & la Mécanique Industrielle,’ see also — 
Claudel, ‘ Formules & l'usage des Ingénieurs,’ &c. ‘ 
3. The interposition of an unguent of any description modifies these — 
laws in a very remarkable manner, so that it is ene le calculate 
upon a particular coefficient of friction dependent upon the nature and — 
state of the unguent, and upon its mode of supply, w er any of this: 
class of materials are used. : 
4. The friction of cylinders rolling upon a horizontal plane is in the — 
direct ratio of their weights, in the inverse ratio of their 
diameters. : 


5. In all cases in which solid bodies rest upon one another, there is_ 
an inclination of the surfaces of contact at which the bodies are sus- 
ceptible of motion by the mere effect of gravity; and it is of the 
utmost importance in all the operations of applied mechanics to ascer- — 
tain the precise value of this angle of inclination, or, as it is sometimes — 
called, of this limiting angle of resistance. Morin’s tables containa — 
series of practical observations on this subject ; they have been trans- — 
lated in Moseley’s admirable work, ‘The Mechanical Principles of — 
Engineering and Architecture.’ The thrust of earthworks upon re: — 
taining walls is a special illustration of this problem, which will be — 
discussed under Rerarnmyc WALLS. og 

6. In practical mechanics, also, the effects of friction are in some 
cases modified by the resistance offered by the rigidity of the materials — 
in motion; as, for instance, in the case of cords working over pulleys 
or of bands working upon driving wheels, The particular laws of | 7 
class of actions will be discussed under Ricrprry or Corps ; and for — 
the present it may suffice to say that the increase of resistance occa- 
sioned by the cord or band may be represented by a formula of two- 
terms, one of which is a constant quantity, and the other the product _ 
of a constant quantity, or factor of the resistance divided by the re-_ 
sistance itself: so long, at least, as the same cord only is concerned, 
For different cords, the constants vary, within certain limits, as the 
squares of the diameters or of the circumferences of the cords, in — 
respect to new cords, wet or dry; in respect to old cords, they vary — 


nearly as the ; power of the diameters, or of the circumferences, The 


rigidity of cords only acts to increase the resistance in the portions of © 
their length where they wind upon the pulleys. ; 
Friction is considered, and sometimes practically resorted to, asa 
source of heat, for the inhabitants of the South Sea Islands obtain fire 
by rubbing two pieces of dry wood violently against each other. The — 
heat developed by the friction of machinery in motion is one of the 
most serious causes of its deterioration ; and it is on this account, 
nearly as much as upon account of the motive power lost through the 
resistance of friction when no lubricating materials are used, that it is 
to provide for the continuous supply of fresh and cool 


FRICTION. ‘The rubbing together of two substances, in the 
course of which action (in hanical operations) a resist is 


developed to the motion of those subst The resist of 
friction is produced by the asperities, or unevenness, of the rubbing 
surfaces; for however perfect the polish of those surfaces may be, 
there are always irregularities of height, or of hardness, in the mole- 
cules of the respective bodies of a nature to allow some of the particles 
of the upper one to force themselves into the depressions, or softer 
particles of the lower, from whence they cannot be removed without 


lubricators. It may occasionally happen that the pressure, or weight, 
of the moving body may force out the greases ordinarily 

between the bearing surfaces, in which cases, heating, friction, or even 
abrasion, may ensue. It is therefore important to proportion the area 
of the bearing surfaces to the pressure in such wise as to prevent its 
attaining this limit; and, under any circumstances, to use the most 
fluid lubricators possible, as they will most easily be forced into the 
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inequalities of the surfaces. Grease, for instance, isa better lubricator 
than water: oil than grease; and of oils it would appear that the 
mineral ones are better adapted to this use than either the animal or 


the ones, 

1 ON WHEELS. [Wueets.] 
_ FRICTIONAL ELECTRICITY. ([Exxcrricrry, Common, Fric- 
‘TIONAL, or FRANKLINIC.]} 
_ FRIDAY. [Weex.]} 
_ FRIENDLY SOCIETIES. These institutions, which, if founded 
em correct principles and prudently conducted, are beneficial both to 
their members and to the community at large, are of very ancient 
origin. Mr. Turner, in his ‘ History of the Anglo-Saxons,’ notices them 
‘in these words ; “ The guilds or social corporations of the Anglo-Saxons 
seem on the whole to have been friendly associations made for mutual 
aid and contribution, to meet the pecuniary exigencies which were 
ly arising from burials, legal exactions, penal mulcts, and 
payments or compensations.” (See also Herbert’s ‘ History of 
Great Livery Companies,’ vol. i., p. 1.) 
a bill was brought into the House of Commons for “ the 
r persons in certain circumstances, by enabling 
annuities for lives upon purchase, and under 
The bill passed the Commons, but was rejected 
with a similar object met with the like fate in 
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age, and ity, is likely to be attended with very beneficial effects,” 
and it ised persons to form themselves into a society of good 
_ fellowship, for the purpose of raising funds, by contributions or sub- 
scriptions, for the mutual relief and maintenance of the members in 
old age, sickness, and infirmity, or for the relief of the widows and 
children of deceased members. A committee of members was autho- 
vised to frame regulations for the government of the society, which 
ions, after being approved by the majority of the subscribers, 
were to be exhibited to the justices in quarter-sessions, and if not 
re to the laws of the realm, and conformable to the true 
and meaning of the act, were to be confirmed and made binding 

the subscribers, 


Among other provisions, it was allowed to impose reasonable fines 
apon ‘such members as should offend against the regulations; such 
_ fines to be to the general benefit of the society. By this act it 
‘6 unlawful “to dissolve or determine any such society, so 
_ long as the intents or purposes declared by the society remain to be 
_ carried into effect, without the consent and approbation of five-sixths 
of the then existing members, and also of all persons then receiving or 
entitled to receive relief from the society on account of sickness, age, 
infirmity.” Societies thus constituted were relieved from the pay- 
_ ment of certain stamp-duties, and were empowered to proceed for the 
“recovery of moneys, or for legal redress in certain cases, by summary 
: without being liable to the payment of fees to any officer of 
the cour and to aid thein, the court was required to assign counsel 
> on the suit without fee or reward. 
Tn 1795 an act was passed which extended the privileges of Mr. Rose’s 
et to other “ benevolent and charitable institutions and societies 
aed in this kingdom for the pi of relieving widows, orphans, 
families of clergy and others in distressed cireumstances.” 
ral other acts were passed between 1795 and 1817 affecting the 
| spagapdid these societies, but not in any matter of importance. 
_ In the last-mentioned year the “ Savings’ Bank Act” was passed, and 
under its yee the officers of friendly societies were allowed to 
deposit funds in any savings’ bank, by which means they got 
rity for their and a hi rate of interest than they 
of essential benefit to these 
making isions for the further pro- 
Sadiy 5 societies, and for preventing 
gement, was passed in 1819; but as 
iously with the same object were 
the act of 1829 (10 Geo. IV. c. 56), which, 


the law as it now stands for the regulation of 
it is unnecessary to detail here the alterations effected 


years 1825 and 1827 select committees were appointed by the 

2 gry Rpts Mle erpen The 

ee made by these committees have thrown iderable light upon 

eae preeeere the way for the enactment of 1829, already 

Bows , with the subsequent acts of 1832 and 1834, we now 
_ proceed to analyse. 

1829 (10 Geo. IV. c, 56), in the first place, authorises 

: b lishment of societies within the United Kingdom, for 

raising funds for the mutual relief and maintenance of the members. 

The members of such societies are to meet together to make such rules 


if 


g 


rules as may be necessary for enforcing them; and these rules, which 
must be passed by a majority of the members present, may be altered 
and amended by the same authority. 

But before these original or amended rules shall be confirmed by the 
justices of the county at the general quarter-sessions, they must have 
inserted in them a declaration of the purposes for which the society 
is established, and the uses to which its funds shall be applied, stating 
in what shares and proportions, and under what circumstances any 
member of the society or other person shall be entitled to the same; 
and further, it is required that the rules so passed ‘‘ shall be submitted, 
in England and Wales and Berwick-upon-Tweed, to the barrister-at- 
law for the time being appointed to certify the rules of savings’ banks ; 
in Scotland, to the lord-advoeate or any of his deputies ; and in Ireland, 
to such barrister as may be appointed by her Majesty’s attorney- 
general in Ireland, for the purpose of ascertaining whether such rules 
are in conformity to law and to the provisions of this act.” The 
officers here mentioned are respectively to settle such rules, and make 
them conformable to law and to this act of parliament, and to give a 
certificate of this regulation having been complied with. The rules so 
certified are then to be deposited with the clerk of the peace for the 
county wherein the society is formed, and by him to be laid before the 
justices at quarter-sessions, who are required to confirm the same, 
after which the rules and certificate are to be filed with the rolls of 
the sessions of the peace, and a certificate of such enrolment, signed 
by the clerk of the peace, is to be sent to the society. If the barrister 
or other officer above mentioned shall refuse to certify the rules offered 
for his approval, the society is allowed to submit the same to the 
court of quarter-sessions, together with the reasons assigned for refusal, 
when the justices may, if they see fit, confirm the rules, notwithstand- 
ing the disapproval of the revising officer. 

Before these directions are complied with, no society is entitled to 
enjoy any of the privileges or advantages communicated by the act; 
but when the rules shall have been enrolled, and until they shall have 
been altered and the like confirmation shall have attended such 
alteration, they shall be binding upon the members of the society, and 
a certified copy of them shall be received in evidence in all cases. The 
treasurer of each society must give bond to the clerk of the peace for 
the county, with two sufficient sureties, for the faithful performance 
of his trust, and must, on the demand of the society, render his 
accounts and assign over the funds of the society at the demand of a 
meeting of the members. The property of the society is to be vested 
in the treasurer or trustees of the society, who may bring and defend 
actions, “ criminal as well as civil, in law or in equity,” concerning the 
property, right, or claim of the society, provided they shall be 
authorised to do so by the vote of a majority at a meeting of the 
members, Bs 

In case any person shall die intestate whose representatives shall be 
entitled on his account to receive any sum from the funds of the 
society not exceeding 20/., the treasurer or trustees may pay the money 
to the persons entitled to receive the property of the deceased, without 
its being n to take out letters of administration. 

It is not lawful to dissolve any friendly society, so long as any of the 
purposes declared in its rules remain to be carried into effect, “ without 
obtaining the votes of consent of five-sixths in value of the then 
existing members, and also the consent of all persons then receiving 
or then entitled to receive relief from such society ; and for the pur- 
pose of ascertaining the votes of such five-sixths in value, every 
member shall be entitled to one vote, and an additional vote for every 
five years that he may have been a member, provided that no one 
member shall have more than five votes in the whole.” 

The rules of the society are to contain a declaration whether, in the 
event of any dispute or difference arising between the society and any 
one or more of its members, the matter shall be referred to the decision 
of a justice of the peace or of arbitrators; if to the latter, the arbi- 
trators must be chosen or elected in sufficient number at the first 
meeting of the society which shall be held after the enrolment of its 
rules; they must not be in any way interested in the funds of the 
society ; and whenever the necessity for their employment shall arise, 
a certain number, not exceeding three, are to be chosen by ballot from 
among the arbitrators for the settlement of the dispute, and justices 
are empowered to enforce compliance with the decision of the arbitra- 
tors. If the rules of the society direct the application, in cases of dis- 
putes, to justices of the peace, any justice is empowered to summon 
the person against whom complaint is made, and any two justices may 
hear and determine the matter, their sentence or order being final and 
conclusive. Minors, if they act with the consent of parents or 
guardians, may become members of friendly societies, having authority 
to act for themselves on the one hand, and being held legally responsible 
for their acts on the other. P 

A statement, attested by two auditors of the funds belonging to 
each society, shall be made annually to its members, every one of 
whom may receive a copy of the statement on payment of a sum not 
exceeding sixpence. Bs Seat 

Every friendly society enrolled under this act is obliged, within 
three munths after the expiration of every five years, to transmit a 
return of the rate of sickness and mortality, according to the experience 
of the society during the p ing five years, such returns to be 
in a prescribed form to insure uniformity. These returns are directed 
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by 4 & 5 Will. IV... 40, to be addressed to the barrister appointed to 
certify the rules of friendly societies, London. 

The provisions of the act of 1834 (4 & 5 Will. IV. c, 40) are for 
the most part confined to matters of regulation which it is not neces- 
sary to notice here. 

The following are among the benefits derived from a Friendly Society 
being enrolled under the Geo. IV. c. 56, as amended by the 4 & 5 
Wm. IV. c, 40:—1. The rules are binding, and may be legally en- 
forced ; 2. Protection is given to the members, wives and children, 
&c., in enforcing their just claims, and against any fraudulent disso- 
lution of the society; 3. The property of the society is declared to be 
vested in the trustee or treasurer for the time being; 4. The trustee 
or treasurer may, with respect to property of society, sue and be sued 
in his own name; 5. Fraud committed with res to property of 
society is punishable by justices ; 6, Court of Exchequer may compel 
transfer of stock, &c., if officer of society abscond or refuse to transfer, 
&c.; 7. Application may be made to Court of Exchequer by petition, 
free from payment of court or counsel's fees, &c.; 8. Disputes settled 
by reference to justices or arbitrators—order of justices or award of 
arbitrators final; 9. Power to invest their funds to any amount in 
savings’ bank ; 10. Power to invest their funds with the commissioners 
for the reduction of the national debt, and to receive interest at the 
rate of 3/. 0s. 10d. per cent.; 11. Priority of payment of debts, in case 
officer, &c., of society become bankrupt, insolvent, has an execution, 
&c., against his property, or dies; 12. In case of death of members, 

ment may be mace of sum not exceeding 20/., without the expense, 

, of obtaining letters of administration; 13. Members are allowed 
to be witnesses in all proceedings, criminal or civil, respecting property 
of society ; 14. Exemption of all documents, &c., from stamp-duty, 

Societies thus constituted and privil must be acknowledged to 
be a great improvement upon the old benefit clubs. Before these 
societies were regulated by statute, temptation was held out to obtain 
members by the smallness of the contributions, which proved in the 
course of years wholly inadequate to answer the demands that were 
then sure to arise, although the income of the society had at first, 
while the members continued young, been sufficient for the purpose. 
The mischief thus fell upon them when they had become old and 
infirm, and had no means of relieving themselves from it; this evil is 
now prevented by the compulsory adoption of tables prescribing such 
rates of contributions and allowances as experience has demonstrated 
to be sufficient and equitable. 

By the 10 Geo, IV. e. 56 (as amended by the 4 & 5 Wm. IV. c. £0), 
friendly societies may be formed for providing relief to members, their 
wives, children, relations, or nominees, in sickness, infancy, advanced 
age, widowhood, or other natural state of contingency whereof the 
occurrence is susceptible of calculation by way of average, or for any 
other purpose which is not illegal ; the rules therefore may now pro- 
vide for relief in case of loss by fire, or by shipwreck ; substitutes if 
drawn for the militia; a weekly allowance if reduced to a workhouse, 

imprisoned for debt, and for payment towards the expenses of the 
feast, &c. &c.; but, for all such purposes, the contributions must be 
kept separate and distinct from the payments which may be required, 
on account of relief in case of sickness, infancy, advanced age, widow- 
hood, or other natural state of contingency, susceptible of calculation 
by way of average; or the charges may be defrayed at the time b 
extra subscription of the members. The money payable on the dea 
of a member may be received by any person nominated by such mem- 
ber, and is not confined to his wife, child, or relation. 

It is unnecessary to give the tables of contributions required from 
members of friendly societies, in order to insure to their members the 
benefits of such institutions, as every information respecting the 
establishment of friendly societies may be obtained, free of expense, on 
application, through a post-paid letter, to the “ Barrister appointed to 
certify the Rules of Friendly Societies, London.” 

On the 20th of November, 1858, the number of frietidly societies 
which had direct accounts with the commissioners for reduction of the 
national debt was 571, and the amount of their deposits was 980,354/, 
There were besides, at the same date, 9994 friendly societies, which 
had the sum of 1,562,7841. invested in savings’ banks. 

Since the ing of the Act of 1793 to the end of 1858, there had 
been enrolled and certified 28,550 friendly societies, of which 6880 had 
then ceased to exist, and several more ceased in 1859, chiefly from the 
decreased number of members, and from their growing age without 
the admission of younger members. A large number of these societies 
exist, also, of which the rules are not certified, nor are they enrolled, 
and the parliamentary report expresses its belief in the unsoundness of 
many of them, owing to the insufficiency of the contributions, 

FRIENDS. [Quakens.]} 
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FRIGATE. [Suiv. 

FRIGIDARIUM. (Bare) 

FRISIANS, a people of Germany, who formed part of the tiation of 
the Ingwvones. Their name has been by some derived from the low 

German word “‘ fresen,” to shake or tremble, in allusion to the natute 
of their country, the soil of which is an unstable or shaking moor. 
Sed were divided into Frisii Minores, who inhabited the lands north 
of the island of the Batavi—the present provinces of Oberyssel, Gelders, 


and Utrecht, and the of the province of 
of the Zuidersee, which at ‘eet ties was mi 


Batavi, and the Ems from the Chauci. According to 
ii. c. 24) they were the most steadfast allies whom the 
sessed in this quarter; they aided Drusus and Germanicus 
campaigns against the Cherusci, and saved the Roman L 
destruction at the mouth of the Ems, But this state of amity was 
broken off upon the Romans making an attempt to treat them as 
subjects; they thenceforward became declared enemies of Rome, an 
razed, with one exception, all her strongholds in these parts, 
in the 28th year a.p., when Olennius was the Roman lieutenant, 
upon the Romans, slain about 900 of them near the woods of E 
henna, and freed themselves from their dominion. (Tacit. ‘ Ann. 
ce. 72,73.) Corbulo, the Roman general under Claudius, 4.D. 47, 
duced them to obedience, and Nero drove them out of some dist 
on this side of the Zuidersee, which they had invaded. (Tacit. * 1 
se 64.) From 1S the a whe 
ey appear as mem re) confederacy Saxons, no 
mention of them occurs. We find them at this time hol the sea- 
coasts from the Schelde to the Elbe and Eyder, whence it 4 
conjectured that a variety of tribes were then comprehended 
the name of Frisians. They now passed over into B , in co 
with the Angles and Saxons, and aided them in its conquest. U 
the emperor Julian they made themselves masters and retained 
session of the island of the Batavi,on which spot they were 
humbled by Pepin, major-domo of the Franks, who put Radbod 
king to fli Ait, and wrested the whole of their western lands from 
as far as the mouths of the Rhine. Poppo, Radbod’s successor, 
a fruitless attempt to recover the lost. territory, and was driven 
by Charles Martel. Charlemagne hereupon it the 
dominions of the Frisians under subjection, and ted’ his 
dukes over them, whose office subsequently merged into that of 
tuin (hiuptling), The result of continued struggles for the m 
between these chieftains, who called themselves counts, was, 
count Edzard prevailed, and established himself in that part call 
East Friesland, in 1458. In 1657, count Enno acknowledged it as 
fief of the empire undet the emperor Ferdinand, and was raised 
him to the dignity of a sovereign prince; but both his power and 
of his descendants was jealously limited by the national states, 
last prince died in 1744, and by virtue of an imperial grant in 
Prussia took ion of East Friesland. It was wrested from 
1808, and transferred to Holland ; in 1810 it became a the 
French empire ; in 1818 Prussia recovered it, and in 1815 she ceded 
Debs wouter f the Frisian terri West Friesland, is & 
The western of the Frisi , or isa 
province of the kingdom of Holland. at ; 
The ancient Frisians resembled the Germans in their habits 
mode of living, and according to Tacitus, the only tribute they ¢ 
afford to pay the Romans consisted of skins. They were governed 
two princes, whose authority was extremely ectatinad, heir de 
dants are settled among the small islands on the western coast of 
duchy of eens, and preserve not only the name of Frisians, b 
many vestiges of their customs and ~ 
FRIT. [Guass.] ‘ 
FRONDE, the name of a political faction in France during th 
minority of Louis XTV., which was hostile to the prime ministe: 
Cardinal Mazarin, and to the queen regent, who supported him. In 
consequence of some disputes between the parliament of Paris and tt 


Reta (afterwards cardinal), Marshal Turenne, and other men of 
first rank, as well as ladies,—among others the Duchesse de Long 
who was a most conspicuous and violent partisan. The people of P 
took part with the Frondeurs; they drew chains across the s 
attacked the troops, and obliged the queen to liberate the two - 
bers of the parliament. This was called “the day of the barricades,” 
A kind of truce took place; but the parliament continued refractory, 
the court hostile, and the people tumultuous ; and the queen regent, 
seeing herself obliged, in January, 1649, to remove from Paris wi 
her gon to St. Germain, charged the Duke of Orleans and the Prince of 
Condé with the task of reducing Paris by blockade. Louis XIV. was 
then little more than ten pr of age, but he never fo: the humi- 
liation of being obliged to leave his ca) and this was the \ 
of his subsequent hostility towards the t. That court, in the 
inean time, exercised sovereign Yatra the capital, levied troops, an 
passed a resolution declaring inal Mazarin a public ay, an 
outlawing him. (‘ Histoire du Parlement de Paris,’ rdam, 17 
After some fighting in the neighbourhood of Paris a truce ¥ Seana} 
@ general amnesty was granted By the queen, the par S , 
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full to assemble, and the queen, king, and minister re-entered 
Paris in the month of August. The disturbances, however, continued 
in the provinces, i in Provence and Guienne, where the local 

parliaments resisted the authority of the respective royal governors, 
n 1650 the queen, hurt by the overbearing tone and high pretensions 

the Prince of Condé, made her peace with some of the Frondeur 
and caused the princes of Condé and Gonti to be arrested. 
this, the Duchess of Longueville, Marshal Turenne, and others, 
the standard of revolt in the provinces, and were joined by the 
jards from Flanders. The war, which now assumed a more serious 
et, continued till 1653, when Turenne made his peace with the 
p, and Mazarin returned in triumph to Paris, [Conpé, Louis DE 


_ FRONTISPIECE, the front or principal face of a building; the 
front view; anything seen in or at the front, Johnson says “ id quod 
in fronte conspicitur.” Hence, by a figure, we call the engraved title 
of a book, or the print which faces the title-page, a frontispiece, 
_ FROST. eee] 
_ FRUCTOSE. [Sucar.} 
__ FRUIT, in botanical language, signifies that part of a plant in which 
seed is lodged, whatever its size, colour, or texture may be, so that 
seed-like grain of a sage, the grain of corn, the nut of a chestnut, 
dry capsule of a lilac bush, are as much fruits as those of a peach, 
an apple, or a pineapple. In the ordinary acceptation of the term 
c r the word fruit is exclusively applied to seed cases which are 
; A Sey generally to such as require no preparation to render them 
_ The eatable fruits known in this climate are of so much importance 
to the comfort as well as luxury of society, that without entering much 
into details we shall here introduce some general observations, which 
_ will inform our readers what are the kinds most deserving of cultiva- 
‘tion in select or confined gardens. In doing this we have the 
_ advantage of reproducing in a condensed form the important results of 
_ the laborious and costly investigations conducted for so many years in 
_ the garden of the Horticultural Society of London at Turnham Green. 
These have already been made known to the public in the second 
edition of the ‘Catalogue of Fruits,’ cultivated in that establishment ; 
and our only task is to make a judicious selection from the thousands 
of varieties included in the Suciety’s list. 
_ The species of cultivated fruits are far from numerous; and most 
_of those of the temperate regions have been introduced, at one period 
or another, into Britain. The genera from which these have sprung 
are comparatively few, and chiefly included in the natural orders 
¥. a: tsar Peafeaentoag and Grossulacee. To the _ of these 
are to erred the genera producing the species called apples, pears, 
plums, cherries, apricots, peaches, and nectarines, quinces, medlars, 
_ raspberries, and strawberries; to the second, the vine; to the third, 
the fig and mulberry ; and to the fourth, the gooseberries and currants. 
Moreover there are chestnuts and filberts belonging to Corylacew ; 
walnuts to Juglandacee, and the melon and pine-apple respectively to 
Cucurbitacee 


and Bromeliacex. 
_ In this place we shall briefly enumerate what may be considered the 
_ most valuable varieties of each as objects of cultivation. 
_ Apples are the most numerous c¢ in cultivation. It has been 


ijectured that they were brought to this country by the Romans ; 
‘it is doubtful whether the varieties then introduced would succeed in 
his climate, presuming on the fact that the Malo di Carlo, well known 
8 being so exceedingly beautiful and delicious in the North of Italy, 
8, in one of our finest English summers, proved pale and insipid, and 
it the apples of the South of Europe are generally worthless in 
ngle hardier breed, it is more than probable, was introduced 
oy Normans, especially of such as were suited for the manufacture 


In succession to 
in, King of the Pippins, Golden Reinette, 
: Rubston | Wick, Pearson’s Plate (a remarkably hand- 
ia lessert apple), Golden Harvey (one of the very highest excellence), 
s pin, Herefordshire Pearmain, Lamb Abbey Pear- 
du plat (which blossoms late, thereby escaping the 
Reinette du Canada, Old Nonpareil, and Scarlet Non- 
kitchen use: Dutch Codlin, Keswick Codlin, Haw- 
» Which last deserves particular notice on account 
; transparency when made into apple jelly, for which 
berg barerdomiy oe For winter Ps ing use, from 
; ce: varieties, are selected: Blenheim Pippin 
ar may be also used at ois Laan Seedling, Bedfordshire 
z , Alfriston, Gloria M Russet, Brabant Bellefleur, 
Northern | Greening, Norfolk Beaufin (from which the “ Beaufins,” or 

“ Beefins, 80 generally to be seen in the London shops, are prepared), 
French Crab, which will keep above a year. For cider, Siberian 
Bitter-Sweet, Foxley, Red Streak, Fox Whelp, Golden Harvey, Cocca- 
Bee, Hagloe Crab, and Cooper's Red Streak, are amongst the most 


Of the varieties of Pears, few, till lately, have originated in this 
country; most of the kinds in former cultivation were from France, 


but they generally required the protection of walls, The greater 
intercourse with the Continent consequent upon the establishment of 
peace in 1815 led to the introduction of a number of new and hardy 
varieties of this fruit from Belgium, where its cultivation and improve- 
ment had been, and still are, attended to with great assiduity. These 
new varieties, with some of equal merit, and even superior iness, 
raised at Downton Castle, in Herefordshire, now compose the principal 
part of the most select lists, and are at the same time rapidly excluding 
the older French varieties from cultivation, 

Pears are divided into three classes—dessert, kitchen, and perry. 
The following are amongst the finest. For dessert: Citron des Carmes, 
Jargonelle (which requires a wall), Summer St. Germain, Ambrosia, 
Fondante d’Automne, White Doyenné (if grown as an open standard), 
Seckle, Louise Bonne (of Jersey), Marie Louise, Beurré Bose, Gansel’s 
Bergamot (which also requires a wall), Duchesse d’Angouléme, Beurré 
Diel, Nelis d’Hiver, Althorp Crassane, Winter Crassane, Napoleon, 
Glout Morceau, Passe Colmar, Knight’s Monarch, Neplus Meuris, 
Easter Beurré, Beurré Rance. These are enumerated in their order 
of becoming fit for use. For kitchen use ;. Bezi d’Heri (which is excel- 
lent for stewing, and very free from grittiness), Bequéne Musque, 
Spanish Bon Chrétien, Double de Guerre, Catillac, Uvedale’s St. 
Germain. For perry: Oldfield, Barland, Longland, Teinton Squash, 

The best varieties of Plums for the dessert are, the Green Gage, 
Washington, Reine Claude, Violette, Drap d’Or, Kirke’s, Coe’s Golden 
Drop, Blue Imperatrice. For kitchen use: Orleans, White Magnum 
Bonum, Shropshire Damson, which last is excellent for preserving, as 
are also the St. Catharine, Coe’s Golden Drop, Green Gage, and 
Quetsche ; the latter is the sort of which the German Prunes of the 
shops are made, by slow and repeated drying in an oven, 

Cherries, it is said, were first cultivated in this country at Sitting- 
bourn, in Kent, where they are supposed to have been introduced 
about the time of Henry VIII. That county is still famous for a sort 
called the Kentish Cherry, identical with some of the varieties of the 
Montmorency cherries of the French. They are round, bright red, and 
acid, and much used for pies. They have also the peculiar property of 
the stalk adhering so firmly to the stone that the latter may be drawn 
out without breaking the skin, except at the base. The fruit is then 
dried in hair sieves in the sun, or otherwise placed in a gently heated 
oven ; the cherries will then keep for a year, and have the appearance 
of raisins. The best cherries for dessert are the Elton, Downton, May 
Duke, Royal Duke, Knight’s Early Black, Early Purple Guigne, 
Bigarreau, Florence. For preserving, the Kentish and Morello are 
best. 

Apricots in cultivation are of few varieties compared with any of 
the preceding kinds of fruits, and of those the most useful are the 
following: Large Early, Breda, Moorpark, Royal, and Turkey. The 
Breda is the best for standards ; and when the season is favourable, 
the fruit on such, although smaller than that grown against a wall, is, 
notwithstanding, higher flavoured. A variety called the Musch-Musch 
may be noticed, although not recommended for cultivation in this 
climate. It is the sort grown in the oases in Upper Egypt, where it 
produces in great abundance, the fruit being dried, and in this state 
forming an article of commerce for exportation. The apricot blossoms 
earlier than any other fruit-tree cultivated in this country : hence, 
most probably, it was called Precocia among the Romans, a corruption 
of which name is traceable in the modern one of apricot. In conse- 
quence of the tree blossoming so early, its blossoms, particularly in 
the case of young trees, are extremely liable to drop off in setting. 
This is not to be wondered at, when it is considered that the ground is 
frequently at the time (March) in as cold a state as at any period of 
the whole season, neither the sun’s heat nor the warm rains having 
reached so far below the surface as to warm the soil in contact with 
the roots; and thus, whilst the latter are in a medium perhaps a little 
above freezing, the tops, exposed to a bright sun against a wall, are at 
that period of the season occasionally in a temperature as high as 90° 
or 100° Fahr. The injurious effects of this disparity must be suffi- 
ciently obvious to every one, and the only remedy to be adopted is to 
have a very complete g Beara below the roots, and the whole soil of 
the border, not retentive, but of a pervious nature. If it could also 
be kept perfectly dry previous to the commencement of vegetation, 
and then only allowed to receive the rain when warm, avoiding the 
cooling effects of melting snow and hail, the tree would thus be placed 
under circumstances comparatively more natural. : 

Peaches and Nectarines require the aid of a wall to bring them to 
perfection in this climate; and in the more northern counties of Britain 
the protection of glass is also requisite, They likewise rank among the 
kinds of fruits which are considered of sufficient value to be forced. A 
selection of the best varieties of peaches is as follows: Noblesse, Red 
—— Royal George, Grosse Mignonne, Belle Garde, Late Admi- 
rable. The two very best nectarines are the Elruge, which has little 
or no red at the stone; and the Violette Hitive, the flesh of which is 
rayed with red near the stone: this serves as a principal distinction 
between these two varieties. For the sake of variety, the Pitmaston 
Orange and the White Nectarine may also beincluded. A selection of 
peaches for forcing may consist of the Belle de, Noblesse, Grosse Mig- 
nonne, Royal George, Royal Charlotte, and Barrington. Nectarines for 
the same purpose are the Elruge and Violette Hative. 

The best variety of Quinces is the common one, The Portugal 
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quince is distinct ; but its fruit does not ripen so well in this climate 
as the common quince. Its wood, however, swells more in conformity 
with that of the pear, and it therefore is preferable as a stock for 


The a jo varieties of the Medlar are the Large or Dutch, the 
Upright or i , and the Stoneless. The first is esteemed for 
its size, and_sometimes for the form of the tree, on account of the 
rustic crooked appearance which it assumes: the second is of better 
quality as regards flavour; and the third is small without stones or 
seeds, and keeps longer than the others. 

me schon compared with many of the fruits mentioned above, 
differ little in their character as cultivated varieties from that of the 
botanical species Rubus idews, from which they have arisen. For 
instance, the difference between the wild sloe and the green gage is 
very great; whereas the wild raspberry growing in the woods di 
only slightly in flavour, and not widely in size and form, from those 
cultivated in gardens. Good varieties are the Red Antwerp, Yellow 
ditto, Barnet, Cornish, and Red Globe. 

Strawberries are now considerably reduced in regard to the num- 
ber of varieties in cultivation. the introduction of “‘ Keen's 
Seedling,” the very coarse sorts have been mostly banished even from 
the streets of London ; this variety having proved the best of all for 
the market, combining very good flavour with the properties of being 
of a large size and v prolife Other varieties deserving cultivation 
are the Grove End let, Rose! , American Scarlet, and, where 
wanted for confectionary, the Old Scarlet, which retains a fine colour ; 
Downton, Elton, Old Pine, Prolific or Conical Hautbois, and the Large 
Flat ditto. The alpine and wood strawberries require to be occasion- 
ally renewed from seeds; the best varieties are the Red Alpine and 
the White Alpine. Keen's Seedling, Roseberry, and Grove End 
Scarlet, are proper for forcing. 

Grapes are brought to high perfection in this country, by the aid "of 
hothouses ; in favourable situations some kinds ripen pretty well, even 
on walls in good seasons: but open vineyard culture is not practised 
to any extent in England at the present time, nor is it likely ever to 


become profitable. Varieties of wine grapes therefore need not be 
noticed bere, farther than by stating that they are very numerous; 
many of them form small compact bunches like the “ Miller's Bur- 


ly,” which is indeed one of them, and is the sort of black cluster 
grape with woolly, mealy leaves, commonly seen on the walls of houses 
near London. ‘The following are suitable for a vinery :— Black Fron- 
tignan, Black Prince, Black Hamburg. West's St. Peter's, Black Morocco, 
Red Frontignan, White ditto, Grizzly ditto, Royal Muscadine, Chasse- 
las Musqué, White Muscat of Alexandria; the last requires a strong 
heat. For walls, perhaps none fruits better, or forms a handsumer 
— pavers Royal Muscadine ; it is preferable to - Sweetwater, 
whi ly forms a ragged bunch in co uence of a great num- 
ber of the berries being small and stones the Black Prince and 
Esperione will sometimes succeed; and the Early Black July and 
Burgundy Black Cluster will ripen still better, but the bunches of the 
latter are very small. 

The only fruits still remaining to be noticed, the varieties of which 
=e any importance, are figs, gooseberries, and currants, and pine- 
apples. 

some parts of England the Vig bears in the open air; but in order 
to ensure its doing so, a warm, or more strictly speaking, a dry subsoil 
is absolutely necessary, whether it be grown asa standard in the oj 
ground or against a wall, or forced under glass. Wherever the soil is 
retentive of water, it will retain the coldness of winter till late in the 
spring. In fact, if the subsoil be very wet, its temperature will 
approximate to that of spring water, which in England is little above 
50° Fahr. throughout the whole year; an amount of cold which the 
roots of the fig are certainly not accustomed to in summer in its native 
climate in Asia and Barbary, or even where it has been naturalised in 
the South of Europe. Or, if the springs should fall so low during 
summer, as to leave the roots of the fig tree unaffected by their pre- 
sence, the ay ag of the surface will be suddenly raised by the 
first rain that falls. This often takes place towards the end of summer, 
and a superabundant growth ensues, too late for being completed 
before winter. Figs succeed well in Sussex, where the subsoil is chalk, 
and the rain passes off as it falls; and in preparing borders for it, the 
whole should be composed of such materials as are pervious to water. 
Some of the finest varieties of for this climate are the Brown 
Turkey, Brunswick, White illes, Nerii, Pregussata, White Ischia, 
Brown Ischia, Yellow Ischia. The Brown Turkey is well adapted for 
forcing, for which p the Pregussata, White Marseilles, and the 
White, Brown, and Ye Ischias are also proper. 

Gooseberries are brought to greater| perfection in Britain than in 
any other country. The varieties are numerous, and many of them 
have been raised in Lancashire, chiefly by the manufacturing popula- 
tion, with a view to prizes. It is to be that the latter eg 

ly been awarded solely with reference to weight; hence a 
number of large but coarse sorts have been brought into cultivation. 
In making the following selection, flavour and not size has been kept 
in view. 

Fruit, red; Red Champagne; Red Warrington; Keen's Seed 
Warrington; Rough Red, used oe ayy ites Red Turkey; Ro’ 
Roy ; Ironmonger. Fruit, yellow : Yellow Champagne ; Early Sulphur ; 
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Rumbullion, which is much used for bottling. Fruit, green: 
Green Hairy; Pitmaston Green Gage ; Green’ Walnat | Parkiomo 


i 
t 


Laurel 
White 
= Venus; Cook's 


extent in this country. 
Queen, Black Jamaica, Brown Sugarloaf, and Black Antigua; 
Enville and White Providence are cultivated more for their 
flavour. 

FRUITS, PRESERVATION OF. and pear, 
staple fruits of this country, are of so much importance to great 


sul 
‘some i ‘ormation concerning of 
the autumn and winter; for it is an object of no little moment to be 
able to prolong the duration of the season of 
single month. 
A few early varieties may be eaten from the tree, or when recently 
gathered ; but the greater and by far the most valuable se 
acq’ 


are at first too acid for the dessert, and require to be stored up in 
same manner as pears, until their juices acquire a rich sugary flavour. 
Many varieties indeed permanently retain t acidity, but are 
only proper for culinary purposes, for which indeed their 

Sensis Hohe igible. 


fectly dry. No precise time can be specified as to 


and situation. The best general rule is, to gather when the , 
separates easily from the spur, on the fruit being raised by the hand 
from its natural or pendulous position. There are scarcely any 
tions to this rule, unless as regards a few ok {ie (peice eo aca 
autumn varieties, in which the flavour is improved by gathering a 
little earlier than is indicated by the above criterion. : 
The treatment of the fruit after gathering is by no means uniform ; 
some lay it directly on the shelves of the fruit-room, or wherever else 
it is intended to remain till fit for use; others cause it to 
process of fermentation, called sweating, by throwing it in a heap, and 
covering it with some dry substance, straw ; in some instances: 
even blankets have been used for this p' After it has 
for ten days or a fortnight, it is spread out at a time when 
dry, in order to expedite the evaporation of the moisture. All un- 
sound specimens, or even such as are § so, are then 
sorts, it has been 
this pro- 


separated, In the case of particularly valuable 
gc for reasons hereafter to be explained, is not advisable. 
Wit 


recommended to wi 


cultivated by persons variously circumstanced, some of whom are com- 
led by necessity to practise not the very best mode, but the 
Ghee on dnveniind it be to detail the various 


The following are Ee aifforoat modes in which apples and pears. 


shelves of a fruit-room, 2. In the same manner, but covered with 


covered with a piece of slate, and the whole plunged in a quanti’ 
dry sand, so py be several inches from the free atmosphere. Tice 
sand being a slow conductor of caloric, the sudden changes of tempe- 
rature their powerful effects in causing the decay of frui 


s 
5 


avoided. 7. In heaps in a iry loft, a alight co of straw — 
being given to protect thea eau 8. taskets “ined with 


straw. 9. In close cellars excluded from the light, which is in all 
cases injurious, 10. In dark but vaults. 11. Ona small scale 


under a bell-glass cemented down air-tight; this must not be done on 
wood the least resinous, for even the white deal, which, when made 
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into open shelyes, communicates none of its flavour to the fruit, yet 
when a close bell-glass, strongly taints whatever fruit is 
placed in it, by the confined and accumulating exhalation. 12. Buried 
in a box on four bricks, under another box inverted, in an 
excavation so deep that the upper portion of the fruit may be 1} or 2 
feet below the surface of the earth. 13. In threshed grain, or in corn 
stacks. 14. ing on wheat straw, with or without a covering of 
the same. 15. In chaff of wheat or oats. 16. In flax-seed chaff. 17. In 
; this, if it cannot prevent, will in no degree con- 
decay, either internally or externally. It is the substance 
in which the imported Newtown pippins are frequently packed, and 
arrive much sounder than they do were it not for the 
evidently appear to have received previous to exportation. 
veka auton f viously of considerabl 
so great a variety of modes, it is obviously o' iderable 
to ascertain oa $ only which are the best, but which ex- 
has proved to be the worst. This inquiry is most advan- 
ing in the first instance what the circum- 
stances are that have been universally found detrimental to the 
preservation of fruits. As was remarked when mentioning the sixth 
mode, atmospheric 
influences ; firstly, as 


& 
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room is of a r 
latter acquire the former an equality of temperature ; and until 
such time as this takes place, the fruit, from its coldness, acts as a 
condenser of the vapour existing in the warmer atmosphere by which 
it is surrounded, and the surface consequently becomes covered with a 
great deposition of moisture, as will be the case with a glass filled with 
water colder than the atmosphere of a room into which it is brought. 
The more smooth and glossy the variety of apple or pear, the greater 
is the condensation on its surface. Russeted apples and pears exhibit 
the least effects in this , their rough dry coat being in less imme- 
diate contact with the cold juices of the fruit. 

From the above it parr ciently evident vac variations in - ~_ 
atmosphere, as its temperature, have injurious effects by 
ion and condensation of the juices, and by the deposition of 
partly owing to atmospheric humidity, but 
to the circumstance of the latter being condensed upon the 
above explained. This deposition of moisture tends to decom- 
skin, to render it less efficacious as a protector. It there- 
that where fruit is not kept closely packed, it should be 
little change of temperature as possible, and should also 
from the full effects of an atmosphere saturated with 
a circulation of air could be secured of a uniform tem- 
and dryness, or nearly so, there is no doubt as to the supe- 
which the fruit would acquire. The watery particles 
, and at the same time shrivelling would not take place 
extent, for this chiefly occurs in consequence of expansion 
an ion, and alternate moisture and dryness of the surface, the 
results of ities in the state of the atmosphere. It may be 
here observed, that wiping the fruit is injurious. The skins of fruits 
are more or less covered with a secretion, technically called the bloom, 
which every one will have observed on grapes and plums, on both of 

which it is very icuous, and although less so on apples and pears, 
yet it does exist on them, and its use is to protect, in a great measure, 

_ the skin from the effects of moisture. Some fruit-growers are so well 
= ware of this that they will not even handle their most choice wall- 
pears in 


ay 
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This arises from a 


e preceding observations will onpeee the reason why a fruit-room 

is best in a dry situation, on the north side of a wall or other building 
"Where the sun's heat will not 
roof should be double, and the w: 


: =i tions fromthe fruit, is not perf 
Ty's es eed in whatever condition it may happen to be; but 
r. Oper gs Sapa with that of the interior of the room. The latter 

/ be in ‘or three compartments, in order to the late 
4 from the contaminating effects of 


state. 
conditions under which the ripening, decay, and 
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preservation of apples and pears always take place, the reader will 
have no difficulty in judging of the relative advantages of the 18 methods 
already named. It is obvious that Nos. 1, 2, 3, 4, 5, 6,7, are plans in 
which the circumstances essential to the preservation of fruitare nearly 
completely complied with. Nos, 8, 11, 14, 15, and 16, are bad, either 
because of the liability of the material in which they are packed to 
decomposition, by which the fruit acquires a tainted musty taste, or 
because they can only be applied on a very small scale. Nos.9 and 12 
are chiefly objectionable because, owing to the almost total absence of 
evaporation, the fruit, although well preserved and plump, is apt to be 
watery and tasteless. No.17 is a troublesome and dirty practice ; 
Nos. 13 and 18 are excellent when opportunity occurs of practising 
them ; but No, 10, in dark but airy vaults, is undoubtedly that which 
most completely complies with the conditions necessary for preser- 
vation, and is much the best. We have known apples, that are usually 
decayed in February, preserved till Midsummer in this manner, in all 
their freshness and colour, and nearly all their flavour. 

With regard to nuts and walnuts, the only precaution that it is 
necessary to take for their preservation is to maintain the air in which 
they are placed in a constant state of moisture. - Burying in the earth, 
placing in a damp cellar, mixing with damp sand, and many such plans 

ve been recommended ; but they are all objectionable, either because 
they keep the fruit too moist, or do not offer any impediment to its 
becoming mouldy. We believe the best of all plans is to pack them in 
glazed earthen jars, throwing a small quantity of salt on the last layer 
before the jar is closed. 

Apples and pears dried in ovens may be preserved for years. Bose 
states that he has tried the latter, after three years’ preservation, and 
found them still good; but they are best during the first year. They 
are placed in the oven after the bread is drawn. The process is re- 
peated a second, third, or fourth time, according as the size or nature 
of the fruit may require. The heat must not be so great as to scorch, 
nor must the fruit be dried to hardness. When properly done, they 
are kept in a place. Another method, chiefly practised on the 
rousselets, and of these the rousselet de Rheims is the best for the 

urpose, is to gather the fruit a little before maturity ; after being 
boiled in a small quantity of water, they are peeled and drained. 
They are then placed in the oven, and heated to a suitable degree, for 
twelve hours. They are then steeped in syrup, to which have been 
added brandy, cinnamon, and cloves, They are again returned to the 
oven, which is heated to a less degree than at first: this operation is 
thrice repeated, ‘ 

The flattened dried apples, called beaujins, so abundant in the London 
shops, are, as stated above, prepared in Norfolk, from a variety of 
apple called the Norfolk beaufin : it has a thick skin, which resists, 
without bursting, the heavy pressure to which the apples are subjected 
in the oven, during the slow and lengthened process of drying. 

FRUIT-TRADE, This trade, as far as printed returns can show, 
is necessarily confined to foreign produce, Almost all the fruit grown 
at home is consumed at home, Our orchards and market fruit- 

ens, however large, yield no surplus produce for us to sell to the 
rhe nor, indeed, could we sell it at a price that would yield 
an adequate profit after defraying the cost of carriage. Nor have we 
any means of knowing how much fruit is grown and eaten in England ; 
the orchard-keepers and fruit-growers are not required to render to 
any one an account of the amount of their trade. Occasionally at- 
tempts are made to estimate these quantities. Some years ago, Mr. 
H. Mayhew, in the ‘Morning Chronicle, gave a tabulation which 
professed to be an account of all the fruit sold at Covent Garden 
Market in one year. Mr. Braithwaite Poole, goods’-manager on the 
test of our railways, presented an estimate of the quantity of 
fruit sold in all the markets of the metropolis in 1850, comprising 
such items as 17,000 tons of apples, 9000 tons of pears, 7000 tons of 
gooseberries, 4500 tons of plums, 4000 tons of currants, 1000 tons of 
damsons, 900 tons of cherries, 700 tons of strawberries, 230 tons of 
filberts, 230 tons of hazel-nuts, 50 tons of mulberries, and so forth. 
In so far are these estimates are reliable, they give a curious insight 
into the vast dealings and consumption of the metropolis; but they do 
pen Train safe data for any inferences concerning the United Kingdom 
at large. 

We will select 1856 as a year to illustrate the extent of the foreign 
fruit-trade; not because it was the latest available, but because it 
affords a pretty fair average of recent years. The imports of foreign 
fruits, in kinds and quantities, in the above-mentioned year, were :— 


Almonds, sweet « - . . . 34,000 ewts. 
i eee ‘ 9,000 4, 
Apples, raw . 530,000 bushels 
» ried 000 4, 
Currants, dried 350,000 ewts. 
Figs, dried 44,000 ,, 
Grapes . ° Fy . . . rey 12,000 bushels 
Chestnuts . . . . . . + 67,000 ,, 
Cocoa nuts . . . + 1,880,000 No, 
Hazel nuts . . . . . + 218,000 bushels 
Walnuts . . . . . + « 66,000 ,, 
Oranges and lemons , . ’ . +» 690,000 ,, 
Pears « . . ‘ . . « 22,000 ,, 
Plums . . ' . 3,500 cwts, 
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Prunes . . . .- . . ab 
Raisins . . - . . . . 
Tamarinds . : . . . .-. 
Various =. . . ‘ . . . 


17,000 ewts, 
270,000 ,, 
1,400,000 Ibs. 
97,000 bushels 


Some of these were exported to other countries; the home con- 
sumption did not quite reach the above quantities. 

USTUM, a portion cut off from any solid figure. The term is 
most frequently applied in the case of the cone, and conoidal surfaces 
of revolution. By “ frustum of a cone” is meant an: cut off from 
# cone which does not contain the vertex, This ion is drawn 
because any part of a cone which contains the vertex is another cone. 

FUCUSAMIDE (C,,H,,N,0,). An organic compound much re- 
sembling furfuramide, with which it is isomeric; obtained by the 
action of ammonia upon fucusol. ' 

FUCUSINE (C,,H,,N,O,). An alkaloid isomeric with furfurine, 
obtained by boiling fucusamide with caustic potash or soda. 

FUCUSOL (C,,H,O,). An organic substance isomeric with fur- 
Jurol, obtained by distilling marine alge with dilute sulphuric acid. 

FUEL is any combustible matter employed for the purpose of 
creating and maintaining heat. In the early ages of the world, wood 
must have constituted, as indeed in many countries it does to this day, 
the principal fuel employed. Wood consists chiefly of three elements, 
—carbon, h ¥ = oxygen. The two former are both of them 
highly combustible, gen being especially so, and giving rise to 
the flame with which Sond is well eon te ee When the smoke 
occasioned by the combustion of wood is found inconvenient, or when 
the fuel is required to last for a longer period in a given bulk, then 
charcoal is employed, which is merely wood that has undergone imper- 
fect combustion, so as to expel its hydrogen and oxygen, and to leave 
the greater part of the carbon. 

Another kind of fuel, which doubtless was early in use on account 
of the facility with which it is obtained from its nearness to the surface, 
is , or, a8 it is sometimes called, turf. This is a congeries of vege- 
table matter, in which the remains of o: ization are more or less 
visible. Peat is the common fuel of a large part of Wales and Seot- 
land, and of many districts of England, where coal is not readily 


P . 

In this country, however, coal furnishes the great supply of fuel, 
and its various kinds are employed in different ways and for different 
purposes, according to its nature and that of the su ce to be acted 
on by its agency. When coal, by a process analogous to that by which 
charcoal is procured from wood, is freed from its more volatile con- 
stituents,—hydrogen, oxygen, and nitrogen,—it is converted into coke. 
It then burns with but little flame and no smoke, and is used for 
giving an intense degree of heat in the reduction of most metallic 
ores, especially those of iron. In some cases a mixture of coke and 
charcoal is very advantageously employed, especially in assaying in 
the small way. The mixture gives out a great degree of heat while 
burning, and being more combustible than coke alone, small fur- 
naces, in which the draught is less powerful than in larger ones, are 
particularly adapted for its use; and though it consumes faster than 
coke, it lasts longer, gives a greater heat, is more economical than 
charcoal alone. 


In some countries, even the dried excrement of animals is used as 
fuel ; and from the use of camels’ dung the formation of sal ammoniae 
was derived in Egypt; this salt subliming from the excrement during 
its combustion. 

In small chemical operations, as for the blow-pipe, tallow or wax 
candles are frequently employed ; and in lamps, oil, spirit of wine, or 
methylated spirit are employed, and at the present time coal gas is 
almost universally used, either for the purpose of boiling or evaporating 
small quantities of fluids, or dissolving various es in different 
menstrua. 

During the combustion of different kinds of fuel, the products vary : 
thus, when wood, coal, wax, tallow, oil, aleohol, or coal gas is employed, 
the principal products are carbonic acid gas and water ; when Bl 
is used, carbonic acid is almost the only volatile substance formed, 
“a the hydrogen which the wood contained is expelled by the process 

c . 
The sources of ordinary fuel will be found sufficiently described 
under Caarcoar, Coat, Coxe, Gas-LicuTtne, &. A few words may, 
however, usefully be said concernipg some of the kinds of artificial 
fuel introduced within the last few years. Oram’s patent fuel was 
planned with a view to make use of the small coal which is so exten- 
sively left to waste at the mouths of the pits; this coal to be mixed 
with earthy substances, such as sand, marl, clay, or alluvial deposit ; 
or with some bituminous substance, such as mineral tar, coal tar, gas 
tar, pitch, resin, or asphaltum ; or with saw dust, coke dust, or breese. 
In short, this was one of those vague patents which defeat their own 
purpose by the wideness of their grasp. Mr. ©. W. Williams, 
managing director of the Dublin Steam Packet Company, has patented 
three or four inventions for artificial fuel in which peat shall be one of 
the ingredients. The peat, after being partially dried, is pressed 
with great force, to expel the remaining moisture; and it is then 
mixed with some bituminous substance. By different modes of treat- 
ment Mr. Williams produced a very dense brown combustible solid, a 
charcoal twice as com as hard wood charcoal, an artificial coal, and 
an artificial coke. Mr, Bethell’s patent fuel consists of small coke and dust 


| from gas 


works, or breese; the breese is mixed with coal tar and 
into a coke oven, where it is burned into = coke. If 
luce coke, but 


roe 
open heaps, it would also of inferior 


prod as 
Seventy-five per cent. of breese is found to be a good pave 
twenty-five of pitch or coal-tar. Instead of coke, bricks of artificial 


os panne rag oe — Se parcherse 
and baking. » Warlich’s patent employed rather extensively ; 
it is made of some such mixture of materials as Bethell’s, but with 
especial attention to its fitness for use in marine engine furnaces, 
locomotive furnaces, and stationary furnaces.  anaderiege, 
tions made by commissioners em by the Admiralty, into 


ituminous coal, or of anthracite, charcoal, or coke, and mixing these 
in certain proportions with coal-tar, &c. makes a soft mass, which, by 


heat, these te 
intense heat. T 


size 


There were in the Exhibition many PR both continental and 


more advantageously in ships. And in the composition, there may be 
of bitumen or pitchy matter just what aids steady combustion 
without causing smoke ; having, therefore, neither the excess nor the 
deficiency found in many natural coals.” 

Nearly all these kinds of artificial fuel consist of small coal, small 
coke, ashes, and pastggen~ ee ee in — numbers 
and various degrees, and subjected to different modes of manipulation. 
There is one exception, however, in the case of the Trinidad pitch fuel, 
with which no kind of coal or coke is mixed. There is a great pitch-lake 
on that island ; and a company has been formed for converting the pitch 
into fuel, by mixing it with wood shavings. The pitch, 
wetted, is mixed with about eight per cent of shavings, and is 
moulded into blocks, For engineering purposes, these blocks of 
bituminous fuel are mixed with about half their weight of M 
coal. The pitch combined with coal alone is not f to burn \- 
but the small per centage of wood shavings or ligneous fibre is said to 
impart the necessary qualities for steady and profitable combustion, _ 

FUGUE, in music, is a composition in which a subject, or brief 
air, passes successively and alternately from one to sf 
according to certain rules of harmony and mod Such is 
Rousseau’s definition, which would have been more complete if he had 
added that the Fugue is also formed after rules peculiar to itself. 
The term seems to have originated about the middle of the 15th 
century, and is commonly su to be derived from the Latin 
word fuga (tight), because the theme, or point, flies from part 
part; but this etymology is by no means satisfactory, though 
certainly have no better to offer, 

Writers on music enumerate man 


Inverted Fugue ; 
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kinds of , the chief 
, the Fu 
that 


and, if the fugue consist of four parts, the answer is again made by the 
fourth part : after which the composer may use either the subject or 
the answer, or small portions of them, in any key that he 
even on different notes of the key.” In this severe kin 
position, when the subject, or leader, or point, or duz, or by whatever 
name the theme may be designated, is comprised between the tonic 
and the dominant the answer (or Comes) must be given in the notes 
contained between the dominant and the octave. Example: 


| Subject. 
ys 
The chorus, ‘ He trusted in God,’ in the ‘ Messiah,’ is a fine specimen 


of this sort of fugue, to which we refer the reader ; for few persons 
are without that sublime oratorio in some form. 


H+ 
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In the Free Fugue much more latitude is allowed the composer ;— 


he is not so restrained by the subject, but may introduce what 
Albrechtsberger terms episodes—passages not closely related to the 
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eme, though they should never be very foreign to it. The overture | double fugue which has no superior of its kind. The first few bars 
to the ‘Zauberflite’ affords a splendid example of this species. The | of this will more clearly explain than words can do the nature of so 
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loses one of its 


Double Fugue consists of two or more subjects moving together, and | elaborate a species of composition. 


ifferent parts. Dom. Scarlatti’s in D minor is a 


i 
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Fugues of more than two subjects are classed, not very correctly, 


name, 
bjects in the finale to Mozart’s grand hony in 
aan dea’ ion in Handel's Alecanders Feast. the 
* Let Old Timotheus yi chert eae fees master-pieces of their 
species must be dered 30, lili eatin 
‘ ires littl cehertealy thes thes 
the name implies, but the effect 


~ ake ead ese Gagnon ttn cap rte In the Fugue 
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Fugue by Diminution, exactly the reverse takes place. 
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other kinds of Fugue, but they are now almost forgotten, and it would 
be useless to revive their names. 

Imitation is a species of fugue, and by theorists is generally treated 
on previously to and as the precursor of the latter. As the word 
indicates in this kind of composition, the theme is more or less 
imitated in the different parts. Tt is not required, says Fux (Gradus 
ad Parnassum), that every note should be imitated, but only some 
part of the subject; and Imitation is rather to take place in the 


| in any of the intervals, and in fact is M ig rwang by scarcely any rule. 


{ = 


cautiously, as a course of professional study, but should 
" silowed to pass hs boundaries of the school. 


an object of serious attention with those who are ambitious of becoming 
great composers, though in its severe form it ought to be almost 
confined to cathedral music and to the oratorio, and is admissible there 
only when introduced with discretion, and guided by the hand 
of an experienced sensible master. But without that which is here to 
ecg ee Sem tnttation—or ihe Aocaiverky Je. somae 
shape, o chief subject—music in parts, of even a very simple kind, 
t beauties. Let it be used however witha view 

solely to effect : if resorted to for mistaken purpose of displayi 
what a young or a dull com may call his Teaching: iniltation “will 
prove to be nothing better mere plodding, and capable of exciting 
‘no emotion except that which is the very reverse of pleasing. 

FULCRUM. [Leven.] 

FULGURITE. [Licutytxa; and Furevrrre in Nar. Hist, Drv.) 

FULLING. OOLLEN a PaaS 
G@ MERCURY (Hg0,,C,N,0,). The compound of 


eh . 850. a gentle heat be now applied by means of a 
water-ba' it reaction ensues, metallic mercury is deposited, and 
minute ine grains of fulminate of mercury separate, these must 
be with cold water and dried at 100° Fahr. They explode 


‘violently by or heat, or by contact with sulphuric acid. 
The propantion even of small quantities of fulminating mercury is 
with considerable danger, and ought not to be attempted by 


uainted with chemical manipulation. Mixed with six 
ght of nitre it is used for priming uussion 


acid is obtai eee en of silver in 20 grains of nitric 
acid diluted with BO alcohol. The remaining processes are 
the preparation of fulminating mercury, than 
which it is still more losive, [Furamyatine Mercury. ] 

Bepenie voit 1c sea C0) “a acid which Yc eea 
with YaNnto Actp], composed 0 same 
oy igre 


the same proportions, and they to have similar 

Sowers, Folmicio acid Hasta isolated, but it 

exists detonating mercury and silver ered by Mr, Howard. 
These , a8 shown under the ive metals, are pre 


tion the metals are oxidized, and such portions of 


opera 
_ the carbon of the alcohol, and nitrogen and oxygen of the decomposed 


. 


nitric acid combine, as to form the fulminic acid. Fulminic acid may 
be separated from the oxides of silver and of mercury, and combined. 
with other bases, as with potash, and. it still retains its power of 
forming detonating compounds. [Cyanocxn.] 

FULMINURIC ACID (HO, C,H,N,0,), Zsocyanuric Acid, A 
recently discovered acid isomeric with cyanuric acid. The salts of 
this acid are obtained by boiling the different fulminates with a solu- 
tion of a soluble chloride. They crystallise erally with facility, 
and CP PET feebly on the sudden application of heat. [CyanocEn.] 

IC ACID, Boletie acid. This acid was first procured by 
Braconnot from the boletus pseudo-igniarius by the following process : the 
expressed juice is to be evaporated to the consistence of a p, and 
then treated with alcohol, which leaves a white matter; this is to be 
washed with alcohol, then dissolved in water, and precipitated with 
a*solution of nitrate of lead; the ipitate diffused through water 
is to be decomposed by sulphuretted hydrogen gas; by evaporating 
the remaining solution there are obtained impure crystals of fumaric 
acid, {and a very acid mother-water, pons pee of fungie and phos- 
phoric acids. The crystals of fumaric acid are redissolved in alcohol, 
which leaves a calcareous salt, and by evaporating the solution purer 
erystals of fumaric acid are procured. Fumaric acid may also be 
obtained by-submitting malic acid to heat, and it is also present in 
Iceland moss, fumitory and other vegetables. 

Fumaric acid is colourless, ¢: ises in four-sided prisms; its 
taste is acid, like that of bitartrate of potash ; it reddens litmus, does 
not alter by e: to the air; is gritty, like sand, between the 
teeth. It is soluble in 180 parts of water at 68°, and in 45 parts of 
alcohol. By heat the greater part of it is sublimed either in prismatic 
erystals or in fine powder; but towards the end of the operation 
some yr oil is formed, and there is a strong smell of acetic 
acid. It the peculiar property of precipitating the peroxide of 
iron from solutions, but not the protoxide. 

This acid forms salts with the alkalies and other bases; they are 
called fumarates. They are not important compounds, none of them 
being applied to any use. (Berzelius, ‘ Traité de Chimie,’ tom. 5, p. 102.) 

FUMARAMIDE (C,H,N,O,). When the fumarate of oxide of 
ethyl, which is a heavy oily liquid, is acted on by agua ammonia, it 
forms a white insoluble powder, which is fumaramide, and possesses all 
the characters of a compound amide. 

FUMARIMIDE (C,H,NO, ?). A reddish amorphous powder, formed 
by exposing bimalate of ammonia toa heat of about 400° Fahr. Heated 
for several hours with hydrochloric acid, it yields aspartic acid. 

C,H,NO,+4HO=0,H,NO, 
—— 
Aspartic acid, 


FUMIGATION is the application of the vapour or fumes from me- 
tallie or other preparations to the body, with the intention of healing 
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either , or particular parts, The urs of hot vinegar, burn- 
ing pol cemmage of aromatic aaltee, have been long used to 
counteract unpleasant or unw smells: this is effected chiefly 
by the formation of such as are stronger, The most important kind 
of fumigation is that which consists in the bovape pena of such vapours 
or gases as do not merely destroy unhealthy odours by exciting such 
as are more powerful, but which by their chemical action convert 

rous miasmata into innocuous matter. 

e fumigation of the first kind, that which is intended to produce 
a healing is now much less employed than formerly ; , how- 
ever, the bisulphide of mercury is occasionally used in uur, as 
what is termed a mercurial fumigation, in certain forms of syphilis. 
The use of vinegar, of aromatic pastilles, and even the smoke of burn- 
ing brown paper, which constitute the second kind of fumigation, does 
not require any icular notice; their operation can hardly be 
regarded as “rs than that of substituting one smell for another. 
In the last kind of 


employed, and in the gaseous state: first the vapour of burni 
sulphur, or sulphurous acid gas, h, loric acid gas, nitrous aci 
ges, and chlorine gas; all but the last of these, or at any rate the 

and second named, appear to have been first used and recom- 
mended by Dr. James Johnstone, of Worcester, about the year 1758 ; 
in 1773 Guyton de Morveau also mentioned the application of hydro- 
chloric and nitrous acid gases, and in 1802 their use was still further 
extended by Dr. J. C. Smith, who received a public remuneration as 
the discoverer, which he certainly was not. 

Chlorine gas, which is undoubtedly preferable to any disinfectant, 
was first recommended by Dr. Rollo, who published a work on diabetes 
in 1797 ; he liberated the gas by the usual method of mixing sulphuric 
acid, binoxide of manganese, and common salt. When it is desirable 
to produce a great effect in a short time, this is still unquestionably 
the best mode of ing. 

We shall give an abstract of the mode adopted by Mr. Faraday in 
fumigating the Penitentiary at Milbank in 1825. (‘ Quarterly Journal,’ 
vol. xviii., p. 92.) 

space requiring fumigation amounted to nearly 2,000,000 cubic 
feet; and the surface of the walls, floors, ceilings, &c., was about 
1,200,000 square feet. This surface was principally stone and brick, 
most of which had been lime-washed. A quantity of salt reduced to 
powder was mixed with an equal weight of binoxide of manganese, and 
upon this mixture were poured two parts of sulphuric acid, previously 
diluted with one part of water, and cold. The acid and water were 
mixed in a wooden tub, the water being first put in, and it being more 
convenient to measure than to weigh the water and acid, ten measures 
of water and nine of acid were ; half the acid was first used, and 
when the mixture had cooled the remainder was added. 

Into common red earthen pans, each capable of holding about a 
gallon, were put 3} Ibs, of the mixed salt and manganese, and there 
was then added such a measure of the diluted acid as weighed 44 lbs. ; 
the mixture was well stirred and then left to itself, and all apertures 
were well stopped. The action did not commence immediately, so 
that there was sufficient time for the operator to go from pan to 
without inconvenience. On entering a gallery 150 feet in Mec yee 
few minutes after the mixture had been made, the general diffusion 
of chlorine was sufficiently evident ; in half an hour it was often almost 
br omg to enter, and frequently on looking along the gallery the 
yellow tint of the atinosphere could easily be perceived. Up to the 
fifth day the colour of the chlorine could generally be observed in the 
building ; after the sixth day the pans were removed, though some- 
times with difficulty, and the gallery thus fumigated had its windows 
and doors thrown open. The contained in each pan was 
estimated to yield about 5} cubic feet of chlorine gas; in fumigating 
a space of 2,000,000 cubic feet, about 700 lbs. of common salt and the 
same of binoxide of manganese were empl : and it will a) by 
a slight calculation, that about 1710 cubic feet of chlorine were 
employed to disinfect this space. In common cases, Mr. Faraday 
conceives that about one-half to one-fourth of this quantity of chlorine 
would be sufficient. 

When any cause for fumigation is continually recurring, and in 
some cases almost imperceptibly so, the chloride of lime or soda, 
and especially of the former, has been within a few years success- 
fully employed by M. aarrng Sat the exact nature of these com- 
pounds is still under discussion, but the chloride of lime is a substance 
well known and extensively employed under the name of bleaching- 


powder. 

We shall relate a few experiments lormed by M. Gualtier de 
Claubry, illustrative of the mode in w these substances produce 
their effects. A solution of chloride of lime exposed to the air for 
about two months, ceased to act upon litmus, contained no chlorine, 
but a precipitate was formed in it which consisted entirely of carbonate 
of lime, without any admixture of chlorine; it was therefore evident 
that the carbonic acid of the atmosphere had decomposed the chloride 
of lime, evolved the chlorine, and precipitated the lime. That this 
was the case was proved by ing atmospheric air through a solution 
of potash, before it was made to traverse one of chloride of lime; in 
this case the potash separated the carbonic acid, so that no chlorine 
was evolved bean the solution of chloride of lime, nor was any pre- 
cipitate formed in it; in fact no change whatever occurred. That it 


fumigation three substances have been chiefly | b: 


carbonic acid which produced this effect, was further proved 
© Curry eae bore Seretien ot co leride: laa 
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lime converted into 
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pete ane in the y- 
through blood which had bean htt purely for 


slow, the chlorine, though scarcely susceptible 
miasmata. 
violent 
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orine, only it is 
rapid evolution of the gas, and it 
It is as a that chloride a 

obtain dissolving one of bleaching powder ut 100 
its weight of water, and Shee the mitiee te 
is to be exposed to infected air, or in rooms which 
odour, a flat vomele hia Sarin sufficient 
upon. it sho requi operation may 
the addition of a little vinegar, or of muriatic acid 
some cases, where i smell is 
where it would be difficult to expose a solution to slow 
be thrown into the place, or the powder may be used, 
which would be more gradual and effectual. Chloride is 
pared only in solution ; the process is given in the last edition of the 
* London poeia :’ it is however less easily obtained than th 
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chloride of lime, is more expensive, and not in any respect preferable; 


the solution is then called liquor sod 

FUNCTION, ARBIT. Y. In the integration of partial diffe- 
rential equations, arbitrary functions are introduced, that is, functions 
which may be of any form whatsoever. Thus, in the problem of the 
vibrations of a thin column of air, which leads to an equation of the 


form 
Cz » 
da =? ag 
the complete solution of the equation is 
z= o (y + ax) + ¥ (y— ax) 


when ¢ and ¥ stand for any Sees OTS Pas: gear 7 of 
these arbi’ functions must depend upon the of the problem. 
Then, it wore sequel so to determine ¢ and yas that 2 should 
become x wheny is x, and 2* when y is bc: we have then to determine 
the forms of ¢ and y from the two equations ; 


O(c + ar) + V(e—axy= 2 
> (be + ac) + Y (be — az) = 2 


These two functional equations might be solved without much 
difficulty, and forms of px and yx fo Theoretically, the determi- 
nation of the arbitrary functions, so as to satisfy given conditions, 
resolves itself into the solution of functional ns. 

But when these questions were first consi it was soon seen 
that the problems from which they are derived present very 


circumstances. For instance, when the problem io that of fling ths s 


a thin column of air, the 
the amount of 


from a fixed 
the 


manner in which a disturbance travels 


Now, in practice, 

beginning of the motion, except in one small part of the eolunan (os 

a sound excited beth is Jpn dece poe tube). = alg Ox. 
, that by in’ ion of e3 air, a certain amoun' com- 

— i at the first moment (x = 0) throughout the 
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bleaching power, the whole of the chlorine was a 
carbonate, 4 
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There was, at one time,‘a spirited discussion between Euler, D’Alem- 

bert, and Lagrange, as to whether discontinuous functions could 

be admitted among the solutions of differential equations. 

We cannot enter into the details of this discussion, but we shall state 
the manner in which the question has been settled. 

The considerations in CURVE give some approach to the notion that 
eurves which are perfectly independent may be combined in one equa- 
tion; and also that a continuous curve may be drawn, the are of which 
runs as near as we please to two distinct branches of two independent 
curves. The power of expression given by means of definite integrals 
and periodic series [Inrzcrats, Durmirs], puts this result in a 
stronger light. Suppose, for example, that an axis of x being taken, 
‘we want to mathematically the ordinate y, insuch manner that 
it shall be ing from z = — © to x= 0; that ofa certain straight 
line from z = 0 to x = a; that of a certain circle from # = a to x= b, 
and nothing again from « = 6 to z=. In other words, we ask 
a line which is both limited and discontinuous, being a part 
a straight line and a part of a circle, can be put upon the same 
ing as an algebraic curve ; so that a definite equation y= ox 
give y = 0 when there is no ordinate, and shall give the 
of y whenever there is an seen ee to 
expression for ¢z can be given, when the notation 
GE cetead. head Means Win, & aoetianons 
which fulfils all the conditions above noted, as 

That is; m being a small quantity which we may 
as wel please, it is possible to find a continuous curve, 
ordinate of which shall never be so great as mfrom z= —« to 
0, shall never differ by so much as m from the ordinate of the 
ine while z passes from 0 to a, nor from that of the circle 
b, and finally, shall never be so great as m 
Having the power of making m as small as 

the expression, as it were, into its final 
m = 0. 
appears that every discontinuous function may 
iinnting form ne continuous one; and the 
which this is established take away all idea of 
from admitting discontinuous functions among the solution 
of differential equations. This subject is well studied in its application 
CTIONS, CALCULUS OF. By the term function of a quan- 
tity is meant any algebraical expression, or other quantity expressed 
i or not, which depends for its value upon the Thus 


the erence of a circle is a function of the radius; the expres- 
sion (a?—2*) (b?+y") is a function of a, b, z, and y. For the distinctive 
of z 
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names , see TRANSCENDENTAL and ALGEBRAIOAL. 

All algebra is, in one sense, a calculus of functions ; but the name 
is iate, and always given, to that branch of investi- 
gation in the form of a function is the thing sought, and not its 
value in any i case, nor the conditions under which it may 
have a value. [Equations, Funcrionan.] For instance, 
“What is that function of « which, being multiplied by the same 


to form general methods in the 


appears to have been made by 
Mr. Babbage and Sir J. Herschel 1810-1813), To the treatise entitled 
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3 Inverse. 
FUNCTIONS, THEORY OF, a name given by Lagrange to a view 
of the of the Differential Calculus, of which we have 

our opinion in the article Dirrerentian CatcuLus. The 
of Lagrange, in which its details are to be found, are‘ Théorie 
iques,’ first edition, 1797, second edition, 1813 ; 
des Fonctions,’ of which the first publi- 
SERRE era 
ition was publi 9 was pub- 

lished in 1806. ‘ 
Lagrange’s intention to have been the proof that algebra, as 
in his time, was sufficient to demonstrate the principles of 
the Differential Calculus without the introduction of limits, we have 
be that bore end is completely eet 0 aloe 
It ia plain to any one acquaint t calculus, 
dadiiiaiteaiion of Taylor's Theorem being once attained, all 
We now proceed to look at the proof of this 


theorem given by Lagrange, with reference to absolute correctness or 
incorrectness. 

Lagrange first attempts to prove that every function ox has this 
property, that ¢(«+) can be expanded in a series of the form 


o(e+h) = or + ah+Bl?+ch +. 2... 


He says, firstly, that no negative powers of } can enter the expansion, 
for if such were the case @ (+0), instead of being ¢z, would be 
infinite. This is true as to any finite number of negative powers of h, 
but does not exclude an infinite series of negative powers. For 
instance, 

1 1 Eg at 


ah RB t wee 


when h=0, all the terms become infinite, but the first side of the 
equation is not infinite. Secondly, he assumes that there cannot be 
fractional powers of h, for if such were the case, there must be frac- 
tional powers in the original function @a, and if oa had m different 


P 

values, and if kh" were one of the terms of the development, the n 
values of this latter, combined with the m values of px, would give 
mn different values to » (x+h), instead of m. In answer to this it 
may be asked how is it known, @ priori, that there must be a series of 
powers of h, every value of which is an expansion of ¢ («+h)? May 
it not possibly be true that there is an expression of the form 

m a 


o(e+h) = ge + Ah® +Bhe Wornta Fete 


which is true under certain conditions, determining which of the values 
of the several terms are to be taken? Thirdly, he assumes that (having 
thus obtained a series, in which only whole powers of h are found) the 
supposition h=0 must reduce it to its first term; an assumption 
which can ofily be admitted of such a series as M+Ah+Bh?+...,. 
ert it can be made convergent by giving sufficiently small values 
toh. 

Having once proved or assumed that @ (2+) can be expanded in a 
series of the form ¢7+Ah+Bh?+... the proof of Taylor's Theorem, 
given by Lagrange, does not differ from the common one. He calls a 
the derived function of x, and denotes it by ¢'x: generally, if 
changing « into «+h change P into p+Ph+...., P/ is the derived 
function of p. The derived function of ¢’x, denoted by "2, is called 
the second derived function of ¢v,and so on. By changing x into 
atk, (wr+h), or pe+ah+Bh*+..., becomes 


(put o'a  k+..)+(AtAk+..)h+(B+BE+. Met... 
and by changing h into h +k,  (~+h) becomes 
peta (h+k) +B (h+k)?+.... 


These must be the same, since both represent ¢(a@+h+k): and by 
equating the terms which contain the first powers of &, we find 


Pet+Nh+Ble+,..=A+2Bht+.... 


whence A=9’x, 28=a'="x,and soon. The reader will recognise in 
this process the proof frequently given by means of the preliminary 
lemma, that if 
du du 
u=o(e+h), then — = —. 
g(e+h), c= Hh 

The works of Lagrange on this subject, though defective in their 
fundamental positions, except upon the explanation given in DivrEr- 
ENTIAL CALCULUS, yet abound in new and useful details, given with all 
the elegance for which his writings are distinguished : and the student 
will find them well worth his attention. 

FUNDAMENTAL BASE, in music, is the lowest note of the 
Perfect Chord, or Triad, as the Germans call it, and of the chord of 
the 7th: hence it is the root of all real chords ;—for chords not derived 
from either the perfect chord or that of the 7th, are considered as 

nsions or retardations; or, to speak in unaffected language, the 
discordant notes of which they are composed are simply appogiaturas. 
Cuorb. 
t The tlowing will show the two Fundamental Chords, and their 
inversions, with the continued [Continvep Basx], or ordinary base, 


and the Fundamental Base. 
| c 
SSS = ee ee 
6 6 4 4 
6 4 7 5 3 2 
> SNSEE EY 
———o + OE 
Continued Base. 
—— ss = = 
Fundamental Base, 7 7 7 7 


This term is not the best that might have been chosen; the same 
meaning is much better conveyed by the word radical, introduced, we 
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believe, by Dr. Calloott. The system of the Fundamental Base, founded 
on harmonies, and a continual addition of thirds to the triad, is 
indebted for its origin to Rameau, the celebrated French composer 
cece in Broa. Dry.}, and was once almost universally received. 

’Alembert wrote a book to explain and eulogise it, and Marpurg, a 
most di i theorist, adopted it in his ‘Handbuch bey dem 
Generalbasse.’ But it may be rendered in some degree 
serviceable in the analysis of chords, it is in more than one respect 
erroneous, and the rules drawn from it by its author would cruelly 
fetter genius, were they allowed to exert any influence on the com- 
position of music. Rameau’s once vaunted system is now therefore 

irely laid aside, even in the country that gave it birth. 
S; FUNDING SYSTEM. [Natrona Desr,] 
FUNERAL, the performance of the rites of sepulture or burial ; 
supposed to be derived from the Latin funis, “a torch,” 
, at least in the Roman times, funerals were sometimes per- 
formed by torch-light. Others derive the word from phénos (évos), 
“ slaughter,” as designating death. 

The Egyptians are among the earliest people of whose religious 
ceremonies we have authentic accounts, more in what 
related to their dead. Upon this occasion the parents friends of 
the deceased put on mourning habits, and abstained from gaiety and 
entertainments. The mourning lasted from forty to seventy days, 
—— which time the body was embalmed,‘and, when the process was 
completed, placed in a sort of chest, which was afterwards preserved 
either in their houses or in the sepulchres of their ancestors. Before 
the dead were allowed to be deposited in a tomb, they underwent a 
solemn judgment, upon an unfavourable issue of which they were 
deprived of the rite of burial. The funeral was conducted with 
ceremony. The embalmed body was conveyed on a kind of sledge 
drawn by cows or oxen, or placed in a boat and towed along the river. 
In front of the bier, a seated figure representing Anubis is often seen 
ath sageck og The sledge was preceded by hired female 
mourners, with their breasts uncovered, and their hair hanging loose 
down their backs. The relatives followed, and priests were in attend- 
ance to perform the necessary religious ceremonies; but, judging from 
the ancient paintings of funerals, the arrangements varied considerably 
with persons of different ranks and at different times. (See Rossellini, 
plates No, exxvii., &c.; and Wilkinson.) 

Among the ancient Jews it is clear that regard was paid to 
a due performance of the rites of sepulture. (Gen. xxiii. 2-4; 1, 7-13; 
2 Chron. xxxii. 33; Amos v. 16; and the rractypecy h mowers carnage 
rally throughout the Scriptures.) In Egypt and Babylon the Jews 
seem to have Ee the body in a coffin; but elsewhere, both in the 
earlier ages and in the time of our Saviour, it was c to wrap 
the corpse in linen cloths and carry it quickly to the tomb. they 
sometimes burnt the body is clear; but burial in a sepulchre was the 
more usual fashion. (See further, Jahn, ‘Jewish Antiquities,’ §§ 205- 
211, and the various commentators on the Bible. The circumstances 
attending the burial of the dead among the modern Jews are erage | 
detailed by D. Levi, in his ‘Succinct Account’ of their Rites an 
Ceremonies, pp. 162-170.) 

In the religious creed both of the Greeks and Romans, sepulture 
was peculiarly an act of piety towards the dead, without which it was 

the departed spirit could not reach a place of rest. To be 
deprived of the proper rites was considered ‘the greatest misfortune 
(Homer, ‘ Od.,’ vy. 311, and xi. 66); and the abhorrence of certain 
crimes was sony marked by the refusal of burial to criminals con- 
victed of them. e funeral rites of the Greeks and Romans were in 
many respects similar, and among both nations the practice prevailed 
of burning the dead and collecting the ashes in urns, In the case of 
blic funerals, according to Servius’s ‘Commentary on Virgil,’ the 
Esciginl ons kept seven or eight days, and every day washed with hot 
water, or sometimes with oil, in case he were only in a slumber 
he might be waked ; and at stated intervals, his friends, meeting, made 
a shout with the same view: this was called conclamatio. On the 
seventh day, if no signs of life appeared, he was dressed and placed on 
a couch in the vestibule, with the feet outwards, as if about to take his 
departu ag wag of coin being placed in his mouth for the p' 
of paying the fee of the ferryman in Hades. In the course of these 
seven days, an altar was raised near the bed-side, called acerra, on 
which the friends offered incense. The scene here described is fre- 
quently represented in ancient bas-reliefs: several such are in the 
British Museum. On the seventh day the last “conclamatio ” ended, 
when the couch and body were carried to the rostra, where the nearest 
of kin pronounced the Basta oration, and afterwards to the funeral 
pile. In the case of of importance, the funeral procession was 
often very splendid. The cost of funerals of persons dying intestate 
was determined by an officer appointed for the purpose. The body 
having been consumed, the ashes were gathered, inclosed in an urn, and 
finally laid in the sepulchre or tomb. An apotheosis, or canonization, 
was frequently part of the funeral ceremony of the emperor. A ban- 
et wasa part of the funeral ceremony among both the Greeks and 
mans. Although the practice of cremation was general with both 
pg oo onal was always more or less resorted to. The practice 
of ing the dead eventually gave way before the spread of 
Christianity. 
In the British Museum are numerous marble cinerary urns (or those 


Cinerary Urn in the British Museum, 
hands have their names inscribed 


The second cut is from a solid funeral urn, 2 feet tine j 


in the ruins of the Corinthian in the bazaar at Athens. 


rrr iirtean 


Sethe HOLE LOND 
“ 


Solid Funeral Urn in the British Museum. 


that the stan figure in the centre of the bas-relief represents 
ilus, son of Mixiades, of the deme Afgilia, the seated figure being 
sister Archippe. , 


The funeral rites of the Greeks and Romans have been collected 
with great research by Guichard in his ‘Fundérailles, et diverses 
Manitres d'ensevelir des Romains, Grecs, et autres Nations,’ 4to, Lyon, 
1581; by Meursius, in his treatise ‘De Funere Gracorum et Romano- 
rum,’ 12mo, Hag. Com., 1604; by Gutherius,‘De Jure Manium, seu 
de Ritu, More, et us prisci is,’ 12mo, Par., 1613, reprinted 
in 4to, 1615, and again in 8vo, Lips., 1671; and , ‘De 
Funeribus Romanorum Libri IV.,’ 12mo, Hamb., 1605, and 


Bat., 1672. See also the ‘ Ceremonies Fundbres de toutes Nations,’ par 


le Sr. Maret, 12mo, Par., 1677; Stackeberg, ‘Die Griiber der Hell 
nen,’ and Kirchman, ‘ De Funeribus Romania.’ : 

For the funeral rites of the early Christians, the reader may consult 
Gretser ‘ De Funere Christiano,’ 4to, Ingolst., 1611 ; and he may learn 
the customs of a later period from Durand, who wrote his ‘ Rationale 
Divinorum Officiorum’ in the 12th century. 

Investigations among the sepulchral tumuli of the northern nations 
show clearly that though before the introduction of Christianity the 
practice of cremation prevailed, that of bi the dead unburnt was 
observed also in the r periods of the pre- i¢ era, in Norwa; 
and Denmark, as well as throughout Germany, France, and l 
(See Worsaae’s ‘Primeval Antiquities of Denmark,’ translated by W. 
J, Thoma, 1849; and the articles Cromircn and Tumutus.) 

Tacitus, in his treatise ‘De Moribus Germanorum,’ (c. 27) notices 
the simplicity of the funerals among the ancient Germans, Like the 
Romans, they burned their dead. The things which a German valued 
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most were his arms and his horse: these ispirtine she aio aeons 
with a persuasion that the deceased wou ve the same pursuit 
OL aaataiets of existence In the tomb of Childeric, king of the 
Franks, his spear, his sword, with his other warlike weapons, and even 
his horse’s head, were found. (See Montfaucon, ‘Monumens de la 
Monarchie ise,’ tom. i. p. 10.) 
Brand, in his ‘ Popular Antiquities,’ vol. 
the ceremonials i 


gra 
2" agency Monuments of Great 
Britain, and ‘ Notes and Queries,’ vi. to xii. of series 1, are 
other works to which the reader may refer for the older funeral rites 
of England. 

Funeral entertainments, called silicernia and cene ferales by the 
Romans, are of very ancient date. They are still kept up in the north 


Walsingham, speaking 
ley, in 1399, says, 
Nee erat qui eos invitaret ad prandium borem.” (‘ Hist.’ 
p. 405.) Shakspere has a well-known allusion to these feasts in 
Hamlet,’ act i. sc. 2: 


* 


‘The funeral baked meats 
Did coldly furnish forth the marriage tables.” 


Lafitau, Charlevoix, and other travellers describe funeral ceremonies 
not unlike some of those above noticed as prevalent among the savages 
of America. Robertson (‘ ae bath res vol. ii., b. 4) ae as — 

ine that iri i ir career anew in the wor 
wits the Pa geskoy Ay axe together with the bodies of the dead, 
their bow, their arrows, and other weapons used in hunting or war ; 
they deposit in their tomb the skins or stuffs of which they make 
Indian corn, venison, domestic utensils, and whatever is 

the necessaries in their simple mode of life. 

FUNERAL ORATIONS, discourses at funerals, are of great anti- 
mity. The second book of Thucydides (c. 35, &c.) contains the 
Inbred harangue delivered by Pericles at the solemn funeral cere- 
i in honour of those Athenians who fell at the beginning 
Peloponnesian war; and other similar orations are extant in 
Augustus, at the early age of twelve, performed this office for 
grandmother, and afterwards, when emperor, for the young Mar- 
Tacitus tells us that Nero pronounced a funeral oration over 
his wife Poppea. Funeral orations were equally common over 
; and Durand, in his ‘ Rationale,’ says, “ Ceterum 
umo injecta contegatur, defunctus oratione funebri 
Fuller, in his ‘ Appeal of Injured Innocence’ (part iii. 
in ‘Travels in England,’ show the’ continuance 
practice to the close of the 17th century. Gay alludes to it in 


his ‘ Dirge :’ 


E 
i 


“ Twenty good shillings in a rag 1 laid, 
Be ten the parson’s for his sermon paid.” 


practice of delivering what may be properly called funeral 

that is, addresses over the ge or at the interment of the 
laymen, is common among French, and is not unfrequent 
the people of the United States. In France 
of Bossuet and Fléchier have deservedly a 


ion. 

MTUNERAL SHOWS and GAMES frequently followed public funerals 
among the Greeks and Romans. Anearly example of this occurs in the 
funeral games celebrated by Achilles in honour of Patroclus. (Homer, 
Tliad.’) As the dead were supposed to be delighted with blood, 
yarious animals, especially such as the deceased had been fond of, were 
slaughtered at the pile, and thrown into it: and, in still ruder times, 
captives or slaves. Among the Romans, gladiators, called bustuarii, 
were made to fight. Junius Brutus exhibited gladiators at his father’s 
funeral; and the ‘ * of Terence, at a later period, was produced 

for the first time at the funeral of Lucius Aimilius Paulus. 
an acid discovered by Braconnot in the juice of 
This ie ee erento te panies nigra, 


sed 
of lead; the fungate of lead is to be decomposed by dilute 
hydro-sulphuric acid, by which the lead is sepa- 
sulphate or sulphuret, and the fungic acid is left 


Pt 


This acid, when pure, is colourless, very sour, tallisable, and 
deliquescent ; with lime it forms a salt difficult Gosden; and with 
potash and soda deliquescent uncrystallisable salts ; in these and some 
other properties it resembles impure malic acid. Some doubt exists 
as to whether it is a distinct acid, and M. Depaignes states that it is 
merely a mixture of malic, citric, and phosphoric acids. 

FUNGIN, the name given by Braconnot to the fleshy substance of 
mushrooms, purified by digestion in a hot weak solution of alkali: it 
is whitish, soft, insipid, and but little elastic. It is not acted upon by 
water, alcohol, ether, dilute sulphuric acid, potash, or soda; it is dis- 
solved by hydrochloric acid when heated, and it decomposes and is 
decomposed by nitric acid; the results are much gas, oxalic acid, a 
bitter yellow matter, and two fatty substances, one of which resembles 
wax, and the other suet; the latter is most abundant. It is a highly 
nutritious substance, and in many of its properties it strongly resembles 
cellulose. [CELLuLose.]} 

FUNICULAR CURVE. [Careyary.] 

FUNICULAR MACHINE is a name given by some mechanicians _ 
to a cord or chain attached at one extremity to an immoveable point, 
the other end passing over a fixed pulley or friction wheel and having 
a weight suspended from it; a weight being also suspended from the 
cord or chain in some pat of its length between the fixed ex- 
tremity and the pulley. The cord or chain becomes thus a mechanical 
agent, eons unequal weights, applied as has been said, may be in 
eq . 


Let acBin a vertical plane be the position of a cord suspended 
between two points a and B, but capable of moving freely on a ley 
at each of those points, and let w be a given weight suspended from 
any point c; the weights p and qg, which should be applied to the cord, 
at the extremities vertically below a and B, in order to produce equi- 
librium, may be thus determined. Through c draw the vertical line 
oz to represent the weight w, and draw 4m, Zn parallel to Be, a0, 

ively: then, by mechanics, the lines cm, cn will respectively 
represent the strains in the directions ac, Bo, and consequently 
the weights p and q, which, in the case of equilibrium, must be 
equivalent to those strains. Now since the angles acz, BOZ are 
known, representing them by a and 5, the sine of the angle omz may 
be expressed by sin. (a +6); and by trigonometry, 


sin. b sin. @ 
P= sin atb? 21>” sin. a+b’ 


therefore if the cord were attached to a fixed object at one end, as A 
or B, while capable of moving on a pulley at the other, and a weigh 
w were applied at any point © in its length, a weight g or p, found 
as above, would hold w in equilibrio. 

Again, let the weights p, g, w, and the position of the pullies at 
A and B be given, the cord moving freely on the pullies and the 
weight w being capable of sliding by means of a ring along the cord; 
then the position of the parts a0, Bc of the cord, when the system 
is in equilibrio, may be found in the following manner. Imagine mn 
to be = paiwaven aee of forces; then since ¢z, om, 4m may be 
represented respectively by the known quantities w, p, q, the values of 
the angles Acz and Gzm or BOZ may be found by trigonometry. 
With these, by a geometrical construction, or otherwise, the required 
positions may be readily determined, since ac and Bo make with 
horizontal lines, as ad, Be passing through a and B angles equal to 
the complements of a 0 z, BC Z. 

A cord suspended in a vertical plane between two fixed points and 
acted on by weights placed at different points in its length, is called 
a funicular polygon; and the form of the suspended cord being 
given, with the weight to be applied at one angular point as oc, 
the weights at all the other angular poimts, in the case of equi- 
librium, may be found thus. Let sand B be angular points on the 
left and ri of o, and having determined the strains represented 
by om, on by tho parallelogram of forces at c, construct a parallelo- 
gram at a and another at B, having vertical lines passing through a 
and B for the directions of their diagonals, and having two sides of 
each coincident in direction with the adjacent sides of the funicular 
polygon, also making the sides (a7 and Bs) on ac and B¢ equal to 
Cm and On respectively : then the diagonals will represent the weights 
to be suspended at a and ©, in order to counteract the strains in ac 
and Bo arising from the weight w atc. By forming parallelograms in 
a similar manner at the other angular points, the whole system may 
be in equilibrio, See ‘Hutton’s Tracts ’ (Tract 1, sect. 2, prop. i.). 
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In like manner may the equilibrium of the rafters in a curb-roof be 
determined. [Roor.] 
FUNNEL, a hollow conical vessel with a small tube issuing from 


pon metals, 
funnels are commonly made of copper, pewter, or tin plate, and this 
is ey ee 7 the case when they are employed for conveying powders 
into 


those of glass are always to be 6 

FURFURAMIDE (C,,H,,N,0,). A product of the action of 
ammonia upon furfurol. It is isomeric with boda pre 

FURFU — E, a 1 yar artifi er yh by — a 
possessi © properties of a vegetable oid, and forming salts 
with pore It ~ procured by boiling furfuramide with solution of 
caustic Its formula is C,,H;,N,0,- 5 

FURFUROL (C,,H,0,). When sugar or starch is acted upon with 
a mixture of dilute sulphuric acid and peroxide of manganese, there is 
prodeoed in addition to formic acid, a peculiar oily matter which has 

named furfurol. It is produced by the following reaction :— 


C, 2H, 9%» + 0, = 200, + C,,H,O, + 6HO 
ey SH 
Starch. Furfurol, 


The same body can also be obtained by other reactions, Furfurol is 
an oily fluid, almost colourless at first, but on exposure to air, it 
gradually becomes brown, and finally black. It boils at 330° Fahr., 
and is easily soluble in water and in alcohol. Left in contact with 
ammonia for several hours, it is completely converted into a yellow 
semi-crystalline mass of furfuramide. 

FURIES. [Ecmenies.)} 

FURLONG. dre AND MEASURES. ] 

FURNACE, common grate is the most familiar example of a 
furnace. It is constructed of iron, and of various forms. The fuel is 
kept in it only by bars, in order to throw the heat out into the room. 
Indeed this is its principal use; and although its heat is barely 
sufficient to melt thin plate silver, yet many chemical operations ma 
be performed in the common stove, and its flat sides or cheeks furnis! 
a lower d of heat, by which evaporation and digestion may be 
effected. The term furnace is, however, usually applied only to the 
fire-places used in manufacturing operations, such as those of chemists, 
metallurgy, and civil engineering. 

For the smaller operations in chemistry a great variety of furnaces 
have been invented. The annexed figure represents one of these, a 


Blast Furnace. 


wind furnace: in this a very high temperature is produced without 
the use of bellows, b’ nope “es pow hanekh The chimney of 
a wind furnace should be narrow and high; the furnace, represented 
as connected with and projecting from the chimney, should be of such 
a height as to allow the operator to look into it; it should be from 12 
to 15 inches square, and furnished with moveable bars and a cover ; 
every part ex to the fire should be constructed of the best fire- 
resisting bric In the figure a crucible is represented as placed in 
the furnace, and its cover is on. This furnace is much employed in 
the reduction of metals, and in the assaying of copper and various 
other ores. The fuel used is either coke, a mixture of coke and 
charcoal, or anthracite. Another kind is the chemical blast-furnace. 
The exterior consists of a blue pot eighteen inches in height and 
thirteen inches in external diameter at the top. A small blue pot, of 
seven and a half inches internal diameter at the top, has the lower 
part cut off, so as to leave an aperture of five inches, This, when put 
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pure iron in a crucible 

| cenafan Rene x sie rhodium, and even pieces of 

ve sunk er into one button in a 

all kinds of crucibles, including the Cornish and 

soften, fuse, and become frothy in it. Mr, Faraday had such a furnace 

as this long in use at the Royal Institution. : 
The assay or cupelling furnace is a small furnace made 

with fire-proof clay, containing a muffle; it is used 


2 
i 


the cupellation of gold and silver, which is 
mufile, previously heated to redness, The interior of the furnace con- 
tains merely the muffle resting upon two bars of iron; it is 

two-thirds into the furnace, and there is beaggas Saeco A a 


placed at the side. The o 
vided with slides, serves as as th 
the draught. Charcoal is used in this furnace. 
Recently gas furnaces for the analysis of organic substances, and for 
the fusion of metals, have been ingeniously contrived : the first by Dr. 
Hofmann, and the latter by Mr. Griffin, The first will be 
described in the ‘Quarterly Journal of the Chemical Society,’ vol. 
p- 30, and the second in the ‘ Chemical News,’ No. 3. For metallurgie 


pyaar on the 4 
e reverberatory 


large scale, as well as in making alkalies, red lead, &c. 
furnace is much used, This is shown i 
figure. is the space furnished with a grate or bars, 
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stances; B & F is the part on which the flame acts, K F is the roof, B © 
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combustible, which is either coke, coal, or wood, according to cireum- 
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the hearth on which the substance to be heated is placed, and this is 
either horizontal or inclined ; lastly, c is a low wall or the bridge of 
the furnace, which retains the fuel in its place, and serves to direct 
the flame towards {the roof: a shows the opening of the furnace, 
placed at its side; through this the substance to be heated is 
and it is afterwards closed ; often also there is an opening at 
B, to allow of melted metal to flow out. His avery high chimney 
(cep cde ee hope ago be closed by a damper. As 
this is employed for a vast number of purposes, it is evident 
that various forms must be used; these however it will not be neces- 
sary to describe. 


[>] 


A 
feet to 34 feet. The extreme width at the top of 
The diameter of the charging-place B is 


thi bricks, 

15 inches long each, with a space for an intermediate packing of 
is constructed of large blocks of ia, or 
i G are the tuyers or openings by which the 
discharged into the furnace from the blowing cylinder, which 
i The contents of this furnace are 5015 


This important subject of blast-furnaces will receive further elucida- 


i 
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furnaces ly, the new inventions are so 
numerous as to be quite beyond even enumeration in an article such 
present. Some of the improvements relate to the furnaces of 
locomotives; some to those of marine engines; some to those of 
stationary engines ; some to furnaces in In one class of 


great quantity; while in others it is to 
F r “earaage ip y of these new forms of 
furnace will receive brief notice in the articles relating to Metallurgic, 


subjects. 

FURNIS Lopernas, ] 

FURRIERY ; FUR DRESSING. The various kinds of fur im- 
ported from foreign parts, as well as some found in our own country, 
oo according to their use as felted furs and dressed furs. 

furs. These include all such as are wage ne in hat-making ; 

the skins of the hare, the rabbit, the beaver, and 

skin be taken off the animal in winter when the 
fine, it is called “seasoned,” and sells at the 


highest price; but if taken off at any other period of the year, it is 
comparatively short, coarse, hairy, and less valuable, and obtains the 
name of “ unseasoned skin.” 

In the preparation of hares’ fur for the hatter, the skin, after being 
opened and spread out flat, is rubbed with a kind of saw called a rake, 
for the purpose of clearing away the dirt and dried blood without 
detaching any of the fur itself. This done, the skin is damped on the 
pelt or inner side; and several are pressed one on another to remove 
creases and irregularities. Next ensues the separation of the furry 
covering from the felt beneath. This covering is of two kinds: an 
external coat of long hairs which possess no felting properties, and an 
internal coat of fine or true fur. These are removed separately. A 
pair of shears, something like those used in shearing sheep, are worked 
all over the surface of the skin so as to cut off the coarse hair without 
damaging the fine fur beneath ; and to effect this properly is a difficult 
operation. The skin before this shearing was of a brownish colour, 
but when the external hair is removed the fur beneath appears as a 
beautiful jet-black glossy fibre. To remove this fur is the next stage. 
The skin, extended smooth and even, is placed upon a square cutting- 
board, made of willow, wetted occasionally to avoid blunting the edge 
of the knife employed in the cutting. This knife is about six inches 
long by three broad, and has a rough edge; it is shaped something like 
a cheese-cutter, so as to be used alike backwards and forwards. With 
such a knife the fur is cut gradually in every part of the pelt; the 
knife follows the direction which the fur naturally takes on the 
animal’s skin: that is, from the head towards the tail. The whole of 
the fur from one skin is either collected together as a light fleecy mass, 
or is separated into parcels according to the different qualities of the 
different parts. 

The p ion of rabbits’ fur for the hatter is somewhat different 
from the above in its earlier stages, on account of the greater greasi- 
ness of the pelt or inner surface of the skin, By the use‘of a knife 
in a peculiar way, the thin cuticle on which the grease or fat is — 
deposited is stripped off, bringing the impurities away with it. The 
surface beneath is then rubbed with whiting. The rabbit skin, like 
that of the hare, has two kinds of hair or fur; but the coarser, instead 
rym gies até Sarcraag. tien pie sors aal this is done by a 
short knife about three inches long, held against a leathern shield 
worn over the thumb : the hairs are grasped, a few at a time, between 
the knife and the thumb, and pulled out. A double care is here 

uisite : to avoid cutting the hair instead of pulling it, and to avoid 
pulling or cutting the fine fur beneath, When this is done, the fine 
far is cut off in the same manner as hare’s fur. 

For the neutria skins, obtained from‘ the coypou of America, the 
processes are nearly the same. The skin has derived its name (vari- 
ously written neutria, nutria, neutra, nuetra) from the Spanish name 
for an otter, to whose skin it bears some resemblance. It is full of 
fat and grease, and requires a thorough washing with soap and boiling 
water before being “pulled.” The outer or coarse hairs are treated 
like those of the rabbit and not like those of the hare ; being stronger, 
too, kee 3 require a sharper knife and a stronger pull for their extrac- 
tion. Not only the pelt side, but also ‘the fur-side is full of grease, 
and need a thorough purification before the removal of the hairs and 
fur. When the external hair has been pulled, the inner fur is cut in 
the same way as the others. 

The skin of the beaver is, in many respects, the most serviceable of 
them all for the hatter’s purpose. It is, however, so full of ? 
that the pelt requires to be scoured with fullers’ earth and whiting 
before it attains a sufficient state of cleanness. The coarse hairs are 
pulled out by the knife and thumb ; and being of no use to the hatter, 
they are sold as stuffing for cushions. Then comes the cutting or 
cropping, which is, at the present day and in the largest establish- 
ments, effected by a very beautiful machine. There is a long broad 
and sharp blade, equalling in length the full width of the beaver-skin, 
and so adjusted as to fall rapidly with a chopping action against or 
near the edge of another blade beneath. The skin is placed between 
the two, and is attached to a piece of mechanism by which it is- 
drawn gradually from end to end between them; as it , the 
sharp blade crops the fur from off the pelt, which it does so effectually 
that not a particle of fur is left behind, and yet the pelt is not cut 
through in any part. The fur falls down in a light flocculent layer on 
an culens apron beneath, from whence it is removed when the pelt is 
denuded. This fur is of three or four different qualities, that from 
the cheek being the finest and most valuable; and to separate them 
one from another a method at once simple and elegant is adopted, 
The fur is placed in a large chest or trough, where it comes within the 
action of a fan revolving two thousand times in a minute ; the current 
excited by this fan is so violent that it whirls the fur along a hollow 
trunk or channel fifty feet in length. During the passage of the fur, 
the relative specific gravities of the filaments effect a separation with- 
out any farther interference ; those which are largest and coarsest fall 
first, and are deposited on the bottom of the first compartment.of the 
trough; those which are next heavier are deposited farther on ; and 
lastly, the finest and best parts of the fur are blown to the extreme 
end of the trough, whence they can be taken without admixture 
with any of the others. 

The cutting of the fur from the pelt by machinery has been 
attempted for various furs, but it has succeeded only with the beaver ; 
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this is said to be owing to the circumstance that the beaver-pelt is 


very regular in thickness and uniform in surface; whergas, most of | poses, is a point of considerable importance, from the 
If the blade of the | of in: fed 
too dry, 


the other pelts are i or unequable. 
machine ap ing Pn at of the pelt should cut offa 
small bit of the latter, it would be the means of spoiling the mass of 
fur unless removed. Attempts have been made to detach the fur 
from the pelt by chemical instead of mechanical means, In tanning 
and leather-dressing, the hair and wool of the animal are often 
loosened by being exposed for some hours to the action of some acid 
or other chemical agent: and it has been sup that the same 
result would be obtained with the furs used by hatters ; but it is found 
that, though separable by such means, the fur is injured in its felting 
properties—an objection fatal to the adoption of the plan, 

Beaver skins have recently been brought to an excellent state for 
robes and other ents, by devised by Mr. Roberts, a 
London furriery Other kinds of fur besides the four above-named are 
employed in hat-making, but are not so generally serviceable, Mole fur 
is and lar, but is almost too short to be available. Musquash 
or musk-rat fur is employed to some considerable extent, Seal-fur") 

ts a dull appearance when worked up as a covering to a hat, 
being deficient in the delicate glossiness which distingui beaver, 
Otter is finer than that of the seal, and is so far more service- 
able, but it does not take a good black-dye. According to the price at 
which a hat is intended to be sold, so is the selection of the fur em- 
ployed. A good beaver hat contains in the foundation or body a 
mixture of fine wool with rabbit’s fur, and in the covering beayer-fur 
alone ; this is the standard, from which a departure takes place accord- 
ing to the price. The use of this last-named fur, however, has much 
lessened in recent years. 

Some kinds of fur which are rather deficient in the property 
are made to undergo a process termed “ carrotting,” so m. the 
colour im: thereby to the fur. This consists in wetting the skin 
(before the fur has been yet cropped from the pelt) with dilute sul- 
phuric acid, and quickly drying it either near a strong fire or by means 
of a heated iron passed over it. The fur of the same species of animal 
often differs yery much in felting quality, according to the district 
where the animal is found. Thus, the fur of the rabbit is said to 
possess a stronger felting quality when obtained from an animal 
reared near the sea-coast than from an inland animal; those of the 
eastern coast of England, from Lincolnshire to the Tweed, are con- 
sidered the finest. The fur of the English hare, as a second example, 
is found to be both finer in quality and stronger in felting power t 
that of any other variety of the hare. 

Dressed Furs.—By this term may be designated those furs which are 
retained on the original pelt, and in that state worn as garments or 
trimmings of ents, in the forms of cloaks, tippets, cuffs, collars, &e, 
Such an employment of furs was very much a matter of necessity 
among the rude tribes where the custom was followed, At first 
the skins were worn almost in the state in which they were taken from 
the animals: but as the use of luxuries advanced, the art of dressing 
the skins became established, and fur took rank as an adornment as 
well as a covering. 

The dressing of furs for this Pp , or furriery, is much more 
simple than the preparation of felting-fur for the hatter, since it does 
not involve the separation of the filaments from the pelt beneath. 

The fur-hunters of America, when they have captured a beaver or 
other fur-bearing animal, strip off the skin, and hang it up to dry, 
either in the open air, or in a dry and cool room where there is no 
fire. Great importance is attached both to the drying and to the careful 
packing of the skins ; for if the slightest degree of putrefaction ensues, 
the fur loses its firm hold of the pelt, and is not fit for furriers’ pur- 

When the skins are brought to England, and placed in the 
aan of the furrier, he examines them minutely, to see that the 
drying has been properly effected, and the pelt in a firm state, He 
then 
his business, namely, extracting the greasiness from the pelt, and also 
a kind of oil which is in the fur itself. The skin is put into a liquid 
containing bran, alum, and salt; and after sufficient steeping it is 
worked about and scoured, so as to remove the grease. fur is 
cleansed from its oiliness by an application of soda and fine soap. The 
cleansed skin is finally washed thoroughly in cold water, and hung up 
todry. The alum and other ingredients employed in scouring the 
pelt effect a kind of tanning or tawing process, by which the pelt is 
converted into a sort of thin leather, and thereby rendered more 
durable. 

When thus far prepared, the skins are ready to be worked up into 
the form of ents, or materials for garments, In order to give 
the surface of the fur a uniform length and colour of fibre, it is often 
necessary to cut up a great many skins, and sew certain pieces of each 
edge to edge; for it is rarely if ever the case that every part of the 
same skin is of one uniform colour. The cutting up of a skin thus 
becomes an important affair; for unless considerable tact be exhibited, 
many of the smaller pieces would become waste. The furs which are 
used for these purposes are in general different from those selected for 
felting; they comprise usually the gray, the silver, and the black fox, 


proceeds to the two processes which constitute the main part of | ceeded 


the sable, the bear, the lynx, the ermine, the mink, the chinchilla, the 
marten, the wolf, the fitchet, and a few others of less common 


character, 


2u4 

The preservation of furs, when kept in stock for manufacturing } 
damp, th ie 
: » they 
ry in weight. “ The great enemy to all 
writer on this subject in the ‘ clopedia 
common moth. This destroys the principle. 
ever the slightest appearance in the fur indicates the 
ment of this little creature, it ought immediately to 
this cannot be done, it should be taken out of the 
broken all over with a small switch rod, or, what will 


jury to which they are ex If too 
ich t posed, kept 


ractical 
«fy the 


of skins Sy ~—_ 
dry, and well aired. They will seldom keep longer twelve 
eighteen months, without running 
the moth or black beetle, Too many ought not to be heaped 
aad pertionierly it tay be Inpilt Se, Dee eee 
these skins will get heated, ran amongst the fur, and become of such 
an acrid nature as to corfode the very pelt itself. Many persons are 
inclined to keep hare and rabbit skins a long time, from a notion that 


or 


the fur upon them will increase in length from the moisture left in 


the pelt. This is an entirely erroneous opinion, Any one who will 
make the experiment will find that the amount of fur o off 
given quantity of skins is much greater in weight when man 
immediately after they are taken off the animal, than after having 
been kept for six or twelve months.” 

FURS and the FUR-TRADE. The use of furs appears to have been 
introduced into civilised Europe by the northern conquerors, In the 
6th century the skins of sables were brought for sale from the confines 
of the Arctic Ocean to Rome, through the intervention of many 


different hands, so that the ultimate cost to the consumer was very — 


great. For several centuries after that time furs could not have 
become at all common in Western Europe. Marco Polo mentions as a 
matter of curiosity in 1252, that he found the tents of the Cham of 
Tartary lined with the skins of ermines and sables, which were brought 
from countries far north, from the land of darkness. But in less 


a century from that time the fashion of wearing furs must have 
become prevalent in England; for in 1887 Edward IIL. ordered that 
all persons among his subjects should be prohibited their use unless 


their free incomes amounted to one hun 


greater number of Indians to engage 
in the pursuit, and to bring their peltries, as the unprepared skins are 
called, to the European settlements. When the hunting season was 
over, the Indians came down the Ottawa in their canoes with the 
duce of the chase, and encamped outside the town of Montreal, r 
a kind of fair was held until the furs were all for 

knives, hatchets, kettles, blankets, coarse cloths, other articles 
suited to native wants, including arms and ammunition, A large 

of the value was usually paid to the Indians in the form of ardent 
spirits, and scenes of riot and confusion were consequently of frequent 
oceurrence, 

The next stage in the Canadian fur-trade was when some of the 
Euro; settlers, under the name of Courewrs des Bois, or wood- 
rangers, set out at the season from Montreal in canoes laden 
with various articles considered desirable by the Indians, and pro- 

up the river to the hunting-grounds. Here they remained for 
an indefinite time, sometimes 1 than a year, ¢ on their 
traffic with the Indian hunters ; when their ou investments 
were exhausted, they returned, their canoes in general loaded with 
packs of beaver-skins and other valuable peltries, While pe ge 
these ee , Some of them adopted the habits of the tribe with 
whom tli * rag associated, and formed connections with the Indian 
women, @ half-caste children make excellent voyageurs, and are 
readily employed by the company in that capacity. 

This trade was for some time extremely profitable, The men by 
whom it was conducted were without capital; and their invest- 


ments of Euro) goods were ed by the storekeepers of 
Montreal, who drew at least their full proportion of from the 
adventure, The return cargo was generally more le than the 


investments, in the ion of six to one, inthe tariff of the 
ian markets. Thus, where the investment amounted to 1000 
dollars, and the 2 see returned sold for 6000, the storekeeper first 
repaid himself the original outlay, and secured for himself an 
equal amount for interest and commission, which the i 
4000 dollars were divided between himself and the Coureur des Bois. © 
The Hudson’s Bay Company, established with the ex 


object of 
uring furs, was chartered by Charles IT. in 1670, wit the pl ( 
Tfeasluavely trading with #he ians in the vast and not w. Hes 


| region lying to the north and west of the great inlet from which the” 


great risk of suffering injury from 


Jie ia 


f 


a, 


So 
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company takes its name. This association founded several establish- 
ments, and has ever since the trade under the direction of 
a governor, deputy-governor, and a committee of management chosen 
from among the proprietors of the joint-stock, and resident in London. 
‘company’s charter not being confirmed by act of parliament, it 
was considered that all British subjects were entitled to engage in the 
trade with those regions ; and, in conformity with this notion, a part- 
nership was formed in 1783 under the name of the North-West Com- 
pany, which proved a powerful competitor. This company consisted of 
three shareholders or partners, comprising some of the most 
y and influential British settlers in Canada, and employed about 
2000 persons as clerks, guides, i and boatmen or voyageurs, 
who were distributed over the face of the country. Such of the share- 
holders as took an active part were called agents ; some of them resided 
at the different ports established by the company im the Indian terri- 
tory, and others at Quebec and Montreal, where each attended to the 
affairs of the association. These active nerd met once in ey 
ode Fort William, one of their stations near the Grand Portage on 
Superior, in order to discuss the affairsfof the company and agree 
—— for the future. The young men who were employed as 
were, for the most part, the younger members of respectable 
families in Scotland, who were willing to undergo the hardships and 


? 


. 


in the profits of the undertaking : 
retired, being taken from among those who, as clerks, had acquired the 
experience for the management of the business. This com- 
x Ree a settlement, called Fort Chippewyan, so far west as the 

of the Hills, in 110° 26’ W. long.; and some of the Indians who 
traded with the persons stationed at this fort came from beyond the 


Rocky 

A great degree of jealousy and hostility arose between the respective 
agents of the Hudson’s Bay and North-West companies, which more or 
less impeded the operations of both parties for several years, until in 
1821 a junction of the two was effected, Ln the trade has since been 
prosecuted peacefully and successfully. eir presumed exclusive right 
of age pt throughout the vast aie which they have made the 
scene of their operations, is still guarded with extreme jealousy, as we 
shall see further on. All the furs collected by the Hudson's Bay Com- 
pany are shipped to London,—some from their factories of York Fort 
and Moose River, in Hudson’s Bay; other portions from Montreal ; 

and the remainder from the Columbia River. 
fur-trade is prosecuted in the north-western territories of the 
States by an association called the North American Fur Com- 
ipal managers of which reside in New York. The 
this company is Michilimackinac, to which are brought 
collected at the other on the Mississippi, Missouri, 
ellowstone rivers, and through the great range of country ex- 
thence to the’Rocky Mountains This company employs 
for ascending the rivers. which penetrate with ease to 
ich could formerly be explored only through the most 
exertions in keel-boats and barges, or by small parties on 

or on foot. 

We shall here notice a few of the principal ur-bearing animals, 
the ~eader to the Naturat History Drvision for more 


ie 
Fz 
: 


e 
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l 


- specific information. 


The ermine, called by way of pre-eminence “ the precious ermine,” is 


_ found almost exclusively in the cold regions of Europe and Asia. The 


stoat, which in fact is identical with the ermine, but the fur of which 


is inferior to that of the European and Asiatic animal, is found 
in N ‘arial The fur of the ermine is ray +B igenery 
ary pie exception of the tip of the , which is black ; 
and the spotted appearance of ermine ies; by which they are pecu- 
liarly known, is produced by fastening these black tips at intervals on 
the ski The animal is 14 to 16 inches long from the nose to 
the tip of the tail, the body being from 10 to 12 inches long. The 
best is yielded by the oldest animals. They are taken by snares 
and , and are sometimes shot, while running, with blunt arrows. 


a native of Northern Europe and Siberia. The skins of 
are procured by the Samoids, and in Yakutsk, Kamtchatka, 
: those of the darkest colour are the most 

esteemed. The of the sable is from 18 to 20 inches. It has 
some naturalists a variety of the pine-marten. 
: North America as well as in Northern Asia and 
the mountains of Kamtehatka: the American skins are generally the 
least valued, but many among them are rich and of a beautiful dark- 
olive colour. The flery fox, so called from its brilliant red 
I is taken near the north-eastern coast of Asia, and its fur is 
much valued, both for its colour and fineness, in that quarter of the 
world. Neutria skins are obtained from South America, and the greater 
ee importations in this country come from the states of the 
dela Plata, These skins are of comparatively recent introduction; 
having first become an article of commerce in 1810; the fur is chiefly 
urers, as a substitute for beaver. Sea-Otter skins 

sought for their fur in the early part of the 18th century, 
they were brought to Western Europe from the Aleutian and 
Islands ; where, as well as in Behring’s Island, Kamtchatka, and 
American shores, sea-otters are found in great numbers. 


The sable 
best 
and 


The fur of the young animal is of a beautiful brown colour, but when 
older the colour becomes jet-black. The fur is exceedingly fine, soft, 
and close, and bears a silky gloss. Towards the close of the 18th cen- 
tury furs had become exceedingly scarce in Siberia, and it became 
necessary to look to fresh sources for the supply of China and other 
Asiatic countries, It was about the year 1780 that sea-otter skins 
were first carried to China, where they realised such high prices as 
greatly to stimulate the search for them. With this view several 
expeditions were made from the United States and from England to 
the northern islands of the Pacific and to Nootka Sound, as well as to 
the north-west coast of America. The Russians then held and still 
hold the tract of country most favourable for this purpose, but the 
trading ships which frequent the coast are enabled to procure these 
skins from the Indians. J ur-seals are found in great numbers in the 
colder latitudes of the southern hemisphere. South Georgia, in 55° 
8. lat., was explored by Captain Cook in 1771, and immediately there- 
after was resorted to by the colonists of British America, who conveyed 
great numbers of seal skins thence to China, where very high prices 
were obtained. The South Shetland Islands, in 63° S. lat., were 
greatly resorted to by seals, and soon after the discovery of these 
islands in 1818, great numbers were taken: in 1821 and 1822 the 
number of seal skins taken on these islands alone amounted to 320,000. 
Owing to the system of extermination pursued by the hunters, these 
animals are now almost extinct in all those islands, and the trade for 
a time at least has ceased. The seal-fishery, or hunting, in the Lobos 
Islands, is placed under restrictive regulations by the government of 
Montevideo, and by this means the supply of animals upon them is 
kept pretty regular. Bears of various kinds and colours, many 
varieties of foxes, beavers, racoons, badgers, minks, lynxes, musk-rats, 
rabbits, hares, and squirrels, are procured in North America, Of all 
the American varieties, the fur of the black fox, sometimes called 
the silver fox, is the most valuable; next to that in value is the | 
fur of the red fox, which is exported to China, where it is used for 
trimmings, linings, and robes, which are ornamented in spots or 
waves with the black fur of the paws of the same animal, The fur 
of the silver fox is also highly esteemed. This is a scarce animal, 
inhabiting the woody country below the falls of the Columbia river. 
It has long thick fur of a deep lead colour, intermingled with long 
hairs white at the top, forming a lustrous silver-gray, whence the 
animal derives its name. The hides of bisons (improperly called buffa- 
loes), of the sheep of the Rocky Mountains, and of various kinds of 
deer, form part of the fur-trade of North America ; and sometimes the 
skin of the white Arctic fox and of the Polar bear are found in the 
packs brought to the European traders by the most northern tribes of 
Indians. There is but one species of fur which is peculiar to England, 
the silver-tipped rabbit of Lincolnshire, The colour of the fur is gray 
of different shades, mixed with longer hairs tipped with white. This 
fur is but little used in England, but meets a ready sale in Russia and 
China ; the dark-coloured skins are preferred in the former country, 
and the lighter-coloured in China. 

The fur-sales of the Hudson’s Bay Company are held every year in 
the month of March, and being of great magnitude, they attract many 
foreign merchants to London, The purchases of these foreigners are 
chiefly sent to the great fair at Leipsic, whence the furs are distributed 
to all parts of the continent of cy tl 

Circumstances of a remarkable kind have recently given a new 
interest to the American fur-trade, in relation to its political, pro- 
prietary, and commercial aspects. In the articles Hupson’s Bay 
TERRITORIES, OREGON, and VANCOUVER, in the GrograPuicaL Division 
of this Cyclopedia, an account is given of the mode in which the 
Hudson's Bay Company’s operations received an extension on the coast 
of the Pacific. Since the period when those articles were published, 
important events have occurred which call for some notice here, 
seeing that they are likely to affect the future course of the fur-trade. 

In 1856 gold was discovered on the banks of Fraser River, within a 
short distance of Vancouver Island, about 800 miles north of San 
Francisco, in California; and in 1857 the discovery was amply con- 
firmed. The region belonged to England, but had been only in- 
teresting to Englishmen in so far as the Hudson’s Bay Company had 
established fur-hunting stations upon it. Now, however, a new order 
of things comnienced. If the gold were at all plentiful, it was certain 
to attract a large number of diggers from California, and adventurers 
from other quarters, and to bring about a state of society with which 
the company’s servants would be incompetent to deal. The company 
have uniformly discouraged trading and colonising by any free trading 
community, in order to retain the monopoly of the fur-trade in 
their own hands. When the island of Vancouver was leased to them 
by the Crown, there was a virtual undertaking by them to colonise 
it; a condition which, though not actually evaded, has been but ill- 
fulfilled. A town, called Victoria, was established on the island; and 
this became the head-quarters of the company’s operations in that 
region, The island is little more yet than an uncleared forest, with 
20,000 aboriginal inhabitants and a small number of Europeans. 
Victoria has many of the elements for a magnificent port; it was a 
mere hamlet of 400 souls when the gold discovery was made; but it 
was speedily overrun by 6000 or 8000 adventurers, who came to it from 
all quarters as the nearest town to the | hewn Fortunately, Mr. 
Douglas, the chief officer, was a man of tact and energy, and proved 
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himself equal to the difficulties of his new position. It must be under- 
stood that the company had no governing power in the island ; they 
held a lease of the soil for ten years (1849 to 1859) for trading pur- 
poses, on condition of establishing a colony and disposing of land to 
emigrants ; but the governor was appointed by the Crown, and legis- 
lative houses were chosen by the people. The company as well as the 
government felt that such an important island could not long remain 
in this anomalous condition ; for it has all the capabilities for being 
a great naval station for British ships on the eastern margin of the 
Pacific, and is moreover very advantageously situated for commerce. 
It had become well understood that the lease to the company would 
not be renewed in 1859; but the gold discoveries on the adjacent 
coast rendered additional arrangements necessary. In July 1858 the 
government brought a bill into the House of Commons for the esta- 
blishment of a new colony to be called New Caledonia, to comprise 
the island of Vancouver and a wide stretch of the adjacent main- 
land. This mainland portion extends from the Pacific to the Rock 
Mountains, about 300 miles; and from latitude 49° N. to about 5 
a little over 400 miles. No governor or magistrate of any kind 
existed within those limits, for Mr. Douglas only governed the island ; 
and therefore speedy legislation became necessary, to prevent anarchy, 
and to secure the region to the British crown. The act proposed by 
the bill was to endure only until 1863, to afford an opportunity for 
modification in the governmental regulations. With a few amend- 
ments and alterations the bill became a law (21 & 22 Vict. c. 99); 
but the name of the colony was c! from New Caledonia to 
British Columbia. A disagreement with the United States Govern- 
ment, in 1859, did not affect the general ownership of this new colony, 
but only referred to the small island of St. Juan, which is claimed by 
both nations, owing to a want of clearness in a treaty which settles 
the boundary in those regions at the 49th parallel of north latitude. 
_The eventual colonisation of British Columbia will interfere a little 
with the [fur-hunting arrangements of the Hudson’s Bay Company; 
but it will exert still more influence by introducing the principles 
of unshackled trade into a region where strict monopoly has hitherto 
been maintained.. There seems a probability, also, that the fur-trading 
privileges of the company in other quarters will shortly be curtailed ; 
the wishes of the legislature in this respect were pretty strongly 
expressed in 1858 and 1859, in reference to certain licence-privileges 
erminable in 1860, 

A committee of inquiry, appointed by the House of Commons in 
1857, was the means of bringing to light much curious information 
concerning the fur-trade. Occurring before the events just noticed 
were fully known, the inquiries could not bear relation to the 
gold deposits, nor to the new political relations of the western coast; 
but as far as concerns the fur-trade, the information remains as true in 
1860 as it was in 1857. This is the more valuable, because the com- 
pany have always been very chary of communicating information con- 
cerning their commercial transactions; on this account, a few facts 
may suitably be introduced here. 

The company’s vast territories are ruled by a governor-in-chief, 
invested with large powers. For forty years this office has been held 
by Sir George Simpson. Under him are sixteen chief factors, control- 
ling districts or provinces into which the territories are divided. Sub- 
ordinate to these are twenty-five chief ‘traders. Each factor or trader 
has a sort of metropolis or head-quarters, called a fort, factory, or post, 

. large enough to accommodate a considerable number of persons, and 
strong enough to be defended against any -hostile attacks by Indians. 
The chief factors and chief traders are not salaried servants; they are 
partners or shareholders, receiving, in return for their personal services, 
a definite percentage on the company’s annual trading net profits. 
Under the factors and traders, or associated with them, are five 
surgeons, forty chaplains or missionaries (belonging to four Christian 
denominations), about a hundred and fifty clerks and rs or 
messengers, and twelve hundred servants or subordinates. Nearly all 
these persons receive their appointment»from the directors of the 
company, and a large number of them are Orkneymen. They go out 
at first under an engagement for five years; but most of them stop 
much longer, some as long as twenty-five or thirty years, and the 
average as many as fifteen. The first wages for servants, labourers, &c., 
is about 20/. a year, besides board, lodging, and other necessaries; 
and the men gradually rise in station and in salary according to their 
ability. The chief factors, with the governor-in-chief, constitute the 
members of a council, which meets annually in June, to review the 
whole events of the oe year, and to ake arrangements for the 
year next ensuing. If the factors from the more distant stations 
cannot conveniently come to make up a quorum of seven or eight, a 
few of the chief traders are admitted to complete the number, The 
governor-in-chief and the council of factors bear some such relation to 
the Hudson’s Bay Board in London, as the governor-general and 
supreme council of India bore to the board of directors in the old 
East India Company ; there are certain general rules and orders ‘sent 
at from home, but a wide discretion is left in the application of 

em. 

So much for the relations between the company and their white 
servants ; those with the natives bring us at once to the present mode 
of managing the fur-trade. Besides the persons already mentioned, 
the company employ five hundred voyageurs, to manage the canoes on 


the rivers and portages; and an indefinite number of persons as servants, 

, hunters, fishers, and assistants generally, just as their services” 
are wanted. Nearly all these are Canadians or Europeans; 
or they are half-breeds, descen 


The Indians, the natives per, are not servants of the company; 
they kill the animals, ce the skins and furs to the trading 
posts; but each one is an independent trader, bartering and i 


? 
for himself. The independence is, however, a peculiar one. i 
the summer months the Indians work for the com: at any odd 
jobs, if willing, and if their services are needed ; re ge fir, ig 
coming on, they set off to the hunting-grounds. Being poor and im- 
rovident, they have nothing to set out with ; the i 


Pp y give them 
lankets, guns, and ammunition, which are to be pads? the fol- 
lowing spring, each article being valued at so many beaver-skins, 
During the winter they obtain what furs can. The company do 
not inform them what kinds are most hi; valued, or bring most 
money, in England. Dr, Ra@, the en’ Arctic explorer, and 


rate, the Indians would hunt up the finer furs, and 
as has been done all along the frontier of America; and we 

require to reduce the price for the musk-rat and the inferior furs, and 
the Indians would not hunt them at-all. The Indians would never 
understand our ing the prices of the furs according to 
here (in England).” The meaning of this is, that the onepany, Dy 
giving a comparatively high price for common furs, realise only a 
profit thereon ; but they get an enormous profit on the best 

as the beaver and the silver fox; and it may be doubted whether 
motive is altogether so disinterested as is stated, in ese 
European estimate of furs from the knowledge of the Indians. 

Indians would gladly obtain ardent spirits in barter for furs; but the 


comreny have wisely forbidden this, in a few frontier 
where the company have to compete with the Americans, who enter- 


tain no such scruples, The company send out yearly about 60, 
worth of blankets, cloth, , ammunition, knives, and n 


articles; of which about one-third is for the use of the com ‘s 


servants, and two-thirds for barter with the Indians for furs. 


a 


is never paid for the furs, except near the frontiers, where competition 
exists. e Indians mostly live upon fish and buffalo; all their other 
necessaries (and luxuries) they obtain from the company by 


furs. Beads, needles, thread, and numerous small articles, are kept ai 
the trading posts, not for barter, but as presents to retain the 

will of the natives. Thecompany are nursing the northern half of 
territories: that is, encouraging the hunters to bring in the aa 
and more plentiful furs, instead of exhausting the stock of those 3 
are scarcer and more valuable ; as a consequence, the whole stock and 
the whole trade have been gradually becoming more valuable between 
1840 and 1860. An average beaver-skin is the standard of ap 

are 


Ten musk:rats equal one beaver; so many beavers equal one silver- 
fox; &c. But when we come to compare i with Indian 
furs, the nature of the company’s profit peeps out. A blanket equals 


ingham for 22s.) is equal to 
to “ five or six beavers.” 


from three to 
years elapses before capital can be returned ; that is, between 
at which goods are bought in England, and the time at which 
are sold in England w have been procured by 
goods—so extremely slow and tedious are all the o in the 
wide-spreading and thinly-inhabited territories of the » Itis 
undisputed, however, that the company’s profits from the are 
quite out of the line of ordinary commercial transactions 
statements of many writers on the subject are to be received as correct, 
the profits are quite enormous, Lieutenant Chappel, some years ago, 
estimated the profits at 2000 per cent. The Rev, C. G. Nicholay, in 
his ‘Oregon Territory, says, “A fourpenny comb will barter for a 
bear’s skin worth 2/.” Dr. King; in his ‘ Arctic Narrative,’ says, “A 
coarse knife, worth, all expenses included, no more than sixpence, is 
bartered for three marten skins, worth in London five guineas; and 
for the skin of the black sea otter, worth fifty guineas, the mi 
obtain in exhenge only goods to the value of two shillings.” 

It is believed by competent authorities, that even if the fur-trade 


of white men and native women, — 
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thrown along time would elapse before the trading of the | quick match and fine grain powder, and are filled up again with putty. 
mane wo! cease to hold its peenienice because of the wide rami- | By boring through the putty and the wood between the channel con- 
fications of their system, and because also of the ties of various kinds | taining the fine grain powder and the fuse composition, these two are put 


procured from Vancouver. 

Concerning the quantity of furs and skins brought to England, the 
ial returns are not quite clear, seeing that sheep and goat skins 
combined in the same entries as those which we are more in 
habit of denominating furs. The Hudson’s Bay Company, during 

five years, have imported about 700,000 skins annually. 
small number are sold for consumption in England; the 
for that purpose; or rather, they are purchased and partially 
Leipsic. total imports from all quarters nearly reac! 
skins annually, of which 400,000 are racoon and 600,000 
greater ion of the remainder comprises weasel, marten, 
neutria, musk-rat, rabbit, and squirrel skins. It is roundly 
that the retail value of all the furs put to use annually in 
all parts of the world cannot be much less than 7,000,000/., of which 
one-third is produced by Russia. 

‘Taking one particular year, 1856, we may usefully, in addition to the 
number of furs imported, quote the average prices assigned by the 
importers in computing the real values, 
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No, Average Price. 
Bear . , 11,870 £2 4 0 
Beaver . 82,830 09 6 
Coney 142,285 00 4 
Ermine . 96,523 Tee haa 
Fitch . 158,955 02 8 
Fox : F - 81,487 0 11 10 
Bynss =o.) es) 715,688 013 0 

n « 206,777 012 0 
Minx . 112,466 Lien f : 
. Musquash 1,190,430 01 
Neutria 175,821 012 0 
Otter . . 19,930 20 0 
Racoon 490,128 04 0 
Sable ° 844 210 0 
Seal . 681,234 (about) 0 5 0 
Squirrel 2,188,737 00 4 
FUSCOBALTIA. [Copatr, ammoniacal compounds of cobalt.) 
FUSE is a tube filled with a iar combustible composition. 
Fuses ‘are 


princi used in firing shells. They are made in such a 
ieee Wie dither by ontting or boctig, & atieting wns tenes 
used in Sir W. Armstrong’s gun, the length of the composition may 
ee ee een Tange ox $e shell, so as to barat the 

when it strikes the object, or before if required. The common 
wooden fuse is made of well-seasoned beech-wood in the form of a 


by a bore of } inch in diameter, which terminates 


composition consisting fof nitre, 3 Ibs. 4 oz.; sulphur, 1 Ib.; 
mealed powder, 1 lb. 12 oz. ; which is hammered in hard ee the hand, 
‘2 inches per second. The cup is primed 
match, in order to be easily ignited by the explosion of 
The exterior of the wooden cylinder is marked with rings } 
80 sawing off a piece or by boring out the com- 
the lower end it can be made of any length required ; the 
ed in the shell by gently hammering it in. For sea 
fuses are employed. They are made of gun-metal of 

as the wooden ones, but are screwed into the shell, 
with a gun-metal collar to receive them. They cannot 
to any particular length, as it is not considered safe to 
oo 7 ae. made of lengths, 4, 3, and 14 inches, 

, Th, seconds, e pri is protected by a 

i ne . 


wooden fuse has been nearly superseded by one invented by 

R. viel Nag ago. The external form is much the 
bore is sligh ly eccentric, and parallel to it; two much 

channels are made in the thicker side of the wood. 
contain quick match, and fine grain powder, which 
te the fuse composition at the bottom, Small holes 
*2 imches apart are made from the exterior to the bore containing the 
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in communication as it were, and when the composition has burned down 
to that point in the fuse, the flame drives through the hole, lights the 
powder and the charge of the shell at once. The small holes are bored 
at *2 of an inch apart, those in one row being opposite the blanks of 
the next, so that the fuse can be adjusted to tenths of an inch, with 
much greater ease and precision than with the old fuse. Boxer’s fuse 
also has the advantage of being solid at the end, the bore with com- 
position not running the whole length, hence there is no chance of the 
composition being driven through by the concussion of the discharge. 
Sir W. Armstrong, by a very beautiful arrangement, which it would 
take too long to describe here, has made his fuse so that without 
removing it from the shell, by turning a dial-marked plate at the top 
which carries the composition in a circular ring, any portion of this 
ring is brought opposite a channel of fine grained powder, which com- 
municates with and fires the charge of the shell. 

FUSEE. [Horoxoey.] 

FUSEL OIL. The oils which contaminate potato and grain spirit 
are classed by the Germans under the common name fuseloel, and the 
same term translated is applied by English chemists to these oils. 
Potato spirit is accompanied by the hydrated oxide of amyl, or oil of 
potato spirit [Amyx], whilst grain spirit is accompanied by an oily 
matter i of margaric, capric, and cenanthic acids, which pro- 
bably, with the spirit, form their co: ding ethers. Dr. Gregory 
suggests that this is probably the composition of the oil of grain, the 
Olewm siticwm of Professor Mulder. 

FUSIBLE METAL, An alloy of 5 parts of bismuth, 2 of tin, and 
3 of lead, melting about the temperature of boiling water. It is used 
for stereotype plates, and for the blocks of calico printers, [BismuTH]. 

FUSION. e different temperatures at which certain solids are 
rendered fluid have been already mentioned. [FRrrEzmne Pornts.] In 
addition it may be merely remarked that fusion is sometimes used with 
the prefix of watery, and at other times iyneous, Watery fusion is that 
which occurs when a salt, such as sulphate of soda for example, con- 
taining much water of crystallisation, fuses or melts in its water by 
exposure to a moderate heat; it may afterwards undergo igneous fusion 
by exposure to a much higher temperature. 

FUSTIAN is a kind of cotton fabric similar in the mode of manu- 
facture to velvet, having in addition to the warp and weft common to 
all woven goods, a pile consisting of other threads doubled under the 
weft, and thrown at intervals so close together that when the goods are 
finished the interlacing of the warp and weft are concealed by them. 
{Vztver.] While in the loom the pile forms a series of loops, which 
are afterwards cut and sheared. The cutting is performed by running 
a knife through each series of loops as they occur in the weft; this 
gives an uneven and hairy appearance to the cloth, which is after- 
wards remedied first by the shearing process, and afterwards by 
singeing and brushing—which latter operations are repeated until the 
fustian has acquired a smooth and polished appearance. The shearing 
of fustians is a separate art, employing many thousand persons in 
Lancashire. Until lately the operation of fustian-cutting was con- 
ducted by hand; but the aid of machinery has now been obtained ; 
and instead of the tedious operation of cutting open only one set of 
loops at once, a series of knives are brought to act together and con- 
tinuously, until the whole piece is finished. By this means the work 
is not only done more quickly, but is also better performed than when 
its excellence depended upon the uniform precision of the human 
hand. 

Various kinds of fustians are made, and are known by different 
names, according to their form and fineness. The; best kinds are 
known as cotton velvet and velveteen; besides these there are beaver- 
teens, moleskin, corduroy, and cords. Different patterns are produced 
by different dispositions of the pile threads, Fustians are woven both 
in the hand-loom and with the power-loom; they are made of different 
widths, some pieces being 18 and others 27 inches wide: a piece of 
velveteen of medium quality, 90 yards long and 18 inches wide, weighs 
about 24 or 25 lbs. The yarn for the warp is made of New Orleans 
cotton, or of Upland Georgia and Brazil cotton mixed, of the fineness 
of 32 hanks to the pound; the weft and pile are usually spun from 
Upland mixed with East India cotton, and the yarn is commonly of 
the fineness of 24 hanks to the pound. For further illustrations, see 
Corton ManuracturRE; VELVET; WEAVING. 

FUSTIN. The non-azotised yellow colouring matter of fustic, Its 
composition is not known. 

FUTURE. [Consvcation; Trme.] 
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GABLE, 


the English language is two-fold. Before a, 0, and u, and occasionally 
before é and ¢, it is the medial letter of the guttural order. The other 
sound, which it possesses only before i and ¢, is one of the medials of) 
the sibilant series, and is also represented by the letter j as 
by the ish. [ALPHABET, col. 234.) The sibilant is written 
in Italian by two letters, gi, as Giacomo, Jacob, or by gg, as opgi, 
to-day. The two-fold nature of the sound corresponds to the double 
sound of the letter c, which is sometimes a k, sometimes an s. [See C.] 
The guttural g is liable to many changes in differen 


1. g and & are convertible. Thus the Greek and Latin forms genu, 


‘yoru; gen, ‘yer, a8 seen in gen-us, yev-os, gi-g(e)n-0, € 5 gnose, 
correspond to the German and 


German ges-tern. ne OES Oe a 
seen in the pronunciation of the final g in high German like ch, as 


&e, 
> 
3. gandh, As the letter h, when pronounced at all, is only a weak 
aspirate, this in strictly bel to the last head. As an 
additional example, we may refer to the word gallus, which has 
all the appearance of being a diminutive, like bellus, ullus, asellus, from 
benus, unus, asinus. If this be admitted, the primitive was probably 
ganus ; and we see its corresponding form in the German haha, a cock. 
4. g often disappears; First, at beginning of a word, as in the 
Latin anser, a goose, compared with the forms given above, and in the 
English enough compared with the German genug. A large number of 
participles of the English 


be seen in French words derived from the Latin, as: 


In such cases the vowel is generally length 
words, as, sag-en, say: mag, may; tag, day; here again the syllable is 
strengthened. 


5. g and y are convertible ; as, yester-day, com with the Germ. 
gestern ; yawn with gdhn-en ; yellow with gelb. In our own language 
we find related words showing this difference : yard and garden ; yate, 
a dialectic variety of gate ; yave for gave (Percy's ‘ Reliques,’ i. p. 294, 
note); and yode, a perfect of to yo (GI of same). 

6. g is convertible with gu and w. In Latin there co- 
exist’ the forms tinguo, tingo ; unguo, ungo; urgueo, urgeo, In the 
French language gu is to the eye, but ¢ to the ear, in the 
following: guerre, guépe, guarder, &c.; while in English we have war, 
wasp, ward, or guard. Under this head it may be ed, first, that 
a final w in the English language often corresponds to a guttural in 
other Teutonic dialects, as saw, raw, crow, row, maw, &ec. ; seco! , that 
we often have two letters, ow, where the German has a g, as 
Sollow, sorrow, morrow, Surrow, gallows, marrow, borrow, barrow. 


name of Gharandaberk, that is, Brandenburg. change of a gut- 
tural to a labial is more intelligible, where a syllable originally com- 
mencing with such letters as gu or you has subsequently appended to it 
a syllable which contains a weak vowel, cor i. By such addition there is 
produced the vowel assimilation which the Germans call umlaut, but at 
the same time a small remnant of the original vowel-sound is retained 
in the form w. Thus gouz-out in Breton is an infinitive signifying to 
know, connaitre. The suffix of the first person of the future is mn, 
the effect of which is to modify the base gouz, 80 as to produce the 
form, gwéz-inn, je connaitrai, and in a compound, ana-véz-inn, je recon- 
naitrai. Here the g wholly disappears, and we have in its place a lip- 
letter v. Such a change is of repeated occurrence in Breton: and it is 
on this account that our example has been taken from this outlying 


on ge 5 Nati however, an Fe similar influence in 
where good, Germ. gut, on comparatival suffix er 
through 4 eventually 


dialects or | D and B. 


and 2 feet 9 inches high in the wicker-work. They are 
in the follo: aor sh 22 inches in diameter 


‘ore 
rod used in wailing comes to an end, and they should not 
; each layer is hammered down 

has risen to , 

with 


i. 


yarn or twisted withes, the gabion pulled up and 
and pointed at a length of 3 inches on each side beyon 
wotk, Gabions are used in the revetment of field works, 


te cal eS a ee ee ee 
eig e parapet requires it, two rows of gabions are 
over the other, generally with a line of fascines between, 
being terminated with three rows of fascines placed 
is, two as a base and one at the revetment 
3 inches in 2 feet to the front. weight 
to the density of the wood from 20 to 40 Ibs., and upwards ; 
in fact, like many other points in mili art, this 
t. In the West Indies, after had 
size for the attack of a post, they were found so heavy that it was 
impossible to carry them. 
There is another description of gabion termed 
The sap roller consists of two aay | 


whole 
p Lege 
gabion varies much 


During the si 1 it was found difficult to procure 
brushwood to e gabions, and Major Elphinstone, R.E., 
using the iron hay-bands Mags: ein employed in ing the 
pressed hay instead of the withes; these were found of 
great service, not 8o liable to be destroyed by the losion of guns 
aon has boon further developed by Caplaia Toler, RE, whowe galion 
idea er 0 : s » Whose 
Moe bon ndoptad’ 0 a: aettets Caen ta tie irri’ This om 
consists of a plate of thin yoke iron, which, when req to 
serve as & n, is formed into a cylinder by being sewn An 
eyes ied for the purpose at its edges, but which, from , 
is easily carried. It is doubtful, however, whether a square of 
amet az vol not or all tere pera = aja 

G » the trian; upper part of the a building. 
corresponding to the — sides of the roof which terminates in it, 
The acuteness of the angle depends therefore on the pitch of the roof, 


and differs considerably in different exam: Formerly the entire 
end of the building of which the gable is a part was not uncommonly 


termed the gable, but it is now more commonly called the gable- 
end. The term gable is not used in classical itecture, the place 
In Elizabethan 


of the gable being occupied by the pediment. 
domestic architecture, the open ornamental terminations of proj 
wings, &c. are called gables, though they have no connection wi! 


SRlebsiel ad treoel testisnony to the 


253 GADUIN. 


GAGE. 254 


the roof; false gables are not uncommon in Italian ecclesiastical archi- 
tecture. 


In ecelesiastical architecture of the Romanesque and pointed Gothie 
periods the gables are very important features. In our own country, 


and Decorated examples crockets are carried up the 
of Decorated and Perpendicular date, sometimes have 
a , either plain, panelled, or battlemented. old 


i architecture also, the gable was made a highly 
tive feature either constructively or by the addition of ornamental 
Numerous examples of all the kinds of 


[Barcer-Boarp. 
> there referred to will found in Messrs. Brandon’s ‘ Parish 
’ and Paley’s ‘ Ornamental Gables.’ For examples of some of 


bles see ExizapeTHAN ARCHI- 
time of Elizabeth and James L,, 
in old Scottish and continental buildings (especially 
, Holland, and Germany) the sides of gables are formed 
like a series of steps: these are known as gables, in Scotland 
are termed corbie-steps. The small gable-like ornaments over 

,on buttresses, &c., in Gothic architecture are called Gablets : see 

under Burrress, col. 472. 

GADUIN. A brown ‘matter said to be contained in cod-liver oil. 
Its composition is unknown, and ‘its existence as a distinct compound 


ys 
language the Gaedheilg, ounced Gaeilg, 
» Gaelic, ie hanes eelcs Je Gian tn Socaittor ees ame, Se 
as that of the language. Further, the only name by which 
are known to the Scottish Hi is Gael ; the latter 
Gael Albinnich, or the of Albin, and the Irish 
, or the Gael of The Irish also call themselves the 
or Gael ; their language the Gaelic. Finally, the Welsh 
Trish Gwyddel, which is evidently the same word with Gadhel, 


nearly all that can be stated as matter of fact in regard to 
Gael, eat i arepegacor gg ; of that, 
ve 


eit 


H 


given rise to so much, 
than to indicate and arrange the various points as 
y volumes of philological and historical controversy have 


has been generally assumed and admitted that the modern Gael 
a portion of the Galli, or Gauls, of antiquity, the, people who gave 
its former name to the country now called ce, who were prin- 
cipally, (Os hewn exclusively, known to the Greeks and 
Romans of that region. This opinion has been 
of the two names,—some 
original: pore —some traces, ra and disputable, 
of identity o institutions and customs,—and, what would be the 

, if it were well made out, the evidences of identity 
conceived to be established by the comparison of the names 
France, and a few other remains of the old language spoken 
the modern Gaelic of Scotland and Ireland. The Rev. 
Archdeacon Williams, in an essa; inted in the ‘ Transactions of the 


5 Af 


the i of the Roman writers, and the 
or Keltai (KeAra), of the Greeks, sometimes spoken 

of by the ancients as a general name for the Gauls, sometimes as the 
of ae certain portion of the Gauls, the question arises, whence 

the of Ireland, Scotland, and Wales derive their origin? A 
exists that Ireland was colonised from Spain, where Celtic 

that the Highlands of Scotland were 
is not improbable; and Wales might 

d ti from the coast of This account 
variations of the dialects, Diefenbach (‘ Sprachliche Docu- 
Geschichte der Kelten’) conjectures Galloway and Northum- 
berland to have received the Celtic element from Ireland, and concludes 
that the Picts were the sea-rovers of Seandinavia. See also Zeuse’s 
Grammatica Celtica e monument vetustistam Hibernicae ling. quam 
_ Britannicae Dialecti Sa ag aarp Frege nec non e icae 
priscae reliquiis construxit, psic, 3, a8 well as J. von Gérres 

‘ Die drei Grund-Wurzeln cles Celtischen Stammes in Gallien und ihre 


issn, Eagan 1845-6. 
_ There has a world of controversy, also, about the origin and 
tieaning of both Gael and Celt (anciently, it is to be remembered, 


3 


pronounced Kelt); the confusion here again being increased by the 
difference of opinion as to whether these are different words or only 
different forms of the same word. The Greek Galatai and Keltai, the 
Latin Galli, the Gael of the Seotch and Irish, and the Galles of the 
French for Wales, seem all but variations of the same word. It is 
hardly necessary to enter into the meanings which the words Gael and 
Celt bear in the ancient Gaelic language, though they have caused much 
discussion. 

It would occupy much more space than we can afford to enumerate 
even the more important works in which these various controverted 
points have been discussed in our own and other languages. We shall 
only mention ‘The Highlanders of Scotland, their Origin, History, and 
Antiquities,’ by W. F. Skene, 2 vols., 8vo, London, 1837, being an 
essay to which a prize had been awarded by the Highland Society of 
London. Mr. Skene’s views and ings are of considerable inge- 
nuity; but whatever may be thought of the part of it which relates to 
the origin of the Gael, the work is an important contribution to early 
Scottish history. The essay by the Rev. Archdeacon Williams, ‘On 
One Source of the Non-Hellenie Portion of the Latin Language, 

inted in vol. xiii. of the ‘Transactions of the Royal Society of 
Edinburgh,’ read in March, 1836, has much ious argument and 

ing in support of the theory we have already mentioned. 

GAGE or GAUGE, any apparatus for measuring the state of a 
phenomenon. But the term is usually restricted to some particular 
instruments, such as the gage of the air-pump, which points out the 
degree of exhaustion in the receiver; the steam-gage, for measuring the 

ressure of steam ; and the gas-gage for that of gas; also the wind-gage 
ANEMOMETER |, the tide-gage, &e., all of which are mentioned in con- 
nection with their several subjects, There are also various gages used 
in certain trades and manufactures, such as the rod-tron gage, the nail- 
rod gage, the button maker's gage ; othersare used in watch-work ; there 
are also the gun-maker’s gage, and for mi i ires and sheet 
metals, These generally consist of thick plates of steel of several sizes 
and forms, around and near the edges of which holes are drilled, with 
a notch leading from the edge into each hole. There is no system in 
the gages in common use, so that much confusion arises in attem 

to reduce the measure to a common standard. Thus, the Birmi 
gage for iron-wire, sheet-iron, and steel, differs from that used for 
sheet-braas, gold, silver, &c., and both these differ from the Lancashire 
gage for round steel wire. To render the confusion worse, gages 
nominally of the same value are made by different manufacturers 
without sufficiently agreeing as to the unity of measure. 

To avoid these inconveniences, our best tool makers have long 
advocated the adoption of a uniform scale. Mr. Holtzapffel, in the 
appendix to the second volume of his ‘Mechanical Manipulation) 

‘to employ 6 Sen decimal divisions of the inch, and those 
their true appellations only. The division of the inch into a 
hundred parts would be sufficiently minute; and the measures 1, 2, 5, 
10, 50, &e. hundreds would be sufficiently impressive on the mind, 
It does not follow that the entire hundred notches should be used; as 
in the greater thicknesses of wire and sheet metal the gradations from 
one size to another are not so minute as in those of the thinner kind. 
In the measurement of precious metal, where a hundredth of an inch 
might be too much, either there might be half-degrees or numbers, or 
a finer scale might be adopted below one-tenth of an inch. Holtzapffel 
enumerates the following advantages as likely to result from the use of 
such a decimal scale for denoting the thickness of wires, sheets, plates, 
&c. :—It would introduce a system which would be easily and equally 
known to all whom it might concern, and who would all interpret it in 
the same sense. It would facilitate the employing of verbal and 
written instructions, by lessening the chances of mistake or misinter- 
pretation. It would render very easy the proportioning of various 
magnitudes so as to form a series, It would enable quantities to be 
written down more easily and accurately than at present. It would 
facilitate the comparison of one size with another; seeing that in 
vulgar fractions each has a specific relation to the unit, whereas in 
decimal fractions all have a general relation in common. It would 
bring all foreign measures within more easy reach of our knowledge. 
It would allow the exact weight in every superficial foot of sheet 
metals and other substances to be readily arrived at, by taking the 
specific gravity as the other element in the calculation. Lastly it 
would furnish constant multipliers for determining, from the specific 
gravities of substances, the exact thicknesses of plates or sheets of the 
same which shall precisely weigh one ounce or one pound, troy or 
avoirdupois. The graduation into hundredths being effected, the 
nomenclatures would follow easily ; let a wire one-tenth of an inch in 
diameter, or a plate or sheet one-tenth of an inch thick, be called No. 
10, and so on for other dimensions: there will then be swept away a 
large amount of confusion which now besets our factories and work- 
shops. 

Nearly related to this subject is Mr. Whitworth’s exquisite con- 
trivance for gaging or measuring minute quantities, In the Proceed- 
ings of the Institution of Mechanical Engineers, for 1859, an account 
of this remarkable machine is given ; showing it to be the most accurate 
measuring apparatus yet devised. Newton’s colures of thin plates, 
interpreted by formule of later introduction, show that a millionth of 
an inch is an appreciable quantity in relation to the breadth of waves 
of light; but Mr. Whitworth is the first who has felt justified in 
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dealing with such extremely minute quantities as being measurable by 
strictly mechanical means. He can measure the relative lengths of 
two small pieces of steel, of which one exceeds the other by not more 
than one millionth of an inch. Nay, he feels confident of being able to 
test even one-half of this minute quantity. If we touch a piece of 
cold metal for an instant with the it expands by the increase 


of heat and the amount of this expansion we can measure, If the bar | ¢ 


be a yard long, the touch even by a finger-nail is sufficient to produce 
= which his machine ean deter, The oer ty 
whi astonishing result mainly consists of exquisitely 
cut screws with graduated nuts or heads. At present, this is rather a 
scientific than a man i agent; but Mr. Whitworth has 
succeeded in bringing into use new for wire-drawers and the 
ore pear a of srs sggy beady png hy oP tae 
adini practicable element. ages are now , having 
decimal numbers on one side from No, 18 to No. 300, measuring from 
“018 to *300 of an inch. It will be for the manufacturers to decide 
how many thousandths of an inch there shall be in any i 
sheet or wire; but this point once determined, Mr. Whitworth’s 
ies tne wos of stenaed -qrgps's pleas unica uapieaiog seaoiaes 
use gages is any m machine, 
on account of the at of using a sufiicientiy delicate instrument 
in regular shop-work, the greater liability there would be to 
alteration in the standard both of diameter and dng” 
GALATIANS, ST. PAUL’S EPISTLE TO THE, one of the 
canonical books of the New Testament. Its authenticity has never 
been doubted : it was frequently cited by the apostolical and succeed- 
ing fathers (Lardner's ‘ Credibility of the Gosp. History,’ vol. ii.), 
and was admitted by Marcion to a place among the apostolical 
writi The date of this epistle is much disputed, some critics sup- 
posing it to have been written as early as a.p, 48, and others as late 
as 58. Two journeys of St. Paul to tia are mentioned in the Acts ; 
one in a.D. 50 (Acts xvi. 6); and the other in 55 (Acts xviii. 23), It 
must have been written shortly after one of these visits, since St. Paul 
complains (i. 6) “ that they were so soon removed from him that called 
them into the gospel of Christ unto another gospel.” Michaelis, 
‘ Introduction,’ vol. iv., contends that it was written soon after the first 
visit, which took place probably about a.p. 49 or 50. But in chap. iv. 
13, St. Paul himself says, “Ye know how through infirmity of the 
flesh I preached the gospel unto you at the first (7d €pov),” which 
proves that the apostle had visited them twice; thus we may 
conclude that it was written after the second visit, or about a.p. 56 or 
57, an opinion coincided in by the great majority of critical authorities, 
It is stated at the conclusion to have been written from Rome, but 
this is probably incorrect, though Michaelis and others support it. 
It appears that shortly after St. Paul had left Galatia, some Judaising 
teachers had effected a great change in the churches of that country 
teaching the Gentile converts that it was for them to 
ri) the ceremonial law, and submit to the rite of circumcision. 
T cp ara oa eleiang s anggg Nae, cellar ye erage toni nc 8 
St. one differed from them. They argued that the Galatians 
ought not to rely upon the authority of St. Paul, since he was not 
an apostle. These individuals were so successful that some of the 
jans ap to have submitted to circumcision. To counteract 
these errors St. Paul wrote this epistle, in which he maintains that the 
authority of the other apostles could not be quoted as superior to his 
own, since he had received his apostleship from Christ himself, and had 
on this very subject “ withstood Peter to the face, because he was to be 
blamed.” (i. ii.) After thus vindicating his apostolical dignity, he 
argues in the remaining part of the epistle that the law had only been 
intended as a preparation for Christianity, as a “schoolmaster to 
bring men unto Christ, that they might be justified by faith,” and 
that those adhd pose serecay~4 mena oa mA Jewish law as neces- 
for salvation iv emselves of the blessings of the Gospel. 
ie conibailea, by exhorting thant ob 0. tine the -Hiberty ‘wAMaRieas 
Gospel gave them “ for an occasion to the flesh, but by love to serve 
one another.” On the undesigned coincidences with the ‘ Acts,’ see 
Paley’s ‘Hore Pauline.’ The number of commentaries on this 
Epistle have been very numerous, in Latin, German, French, and 


— One by Luther is still highly esteemed. 
ALAXY. mxky Way.] 
GALENA, [Lxap, Sulphide of.] 


GALILEE, in ecclesiastical architecture. In mediwval churches a 

rtion of the western end of the church was frequently parted off 
Sey the rest and appropriated to — or those’ not numbered 
among the faithful, This was termed Galilee, in allusion, as is 
supposed, to the scriptural “Galilee of the Gentiles.” Sometimes in 
cathedrals it was an entrance porch, as at and Lincoln ; sometimes, 
as at Durham, a large at the west of the nave: see the plan 
of Durham Cathedral under Cuurcn. It is said that this Galilee was 
built for the use of females, who were prohibited passing beyond the 
north porch in Durham Cathedral. In some churches a —— 
of the western end of the nave was off by a step or line of 
division, and called the Galilee. 


GALIPEA. (Materia Medica.) The genuine or cuspari 
bark is obtained from a species of this genus, but whether from the @. 
cusparia, as stated by Humboldt, or from a distinct e8, G. officinalis, 
as asserted by Dr. , is not determined, bark is 


e bark. is 
reddish-yellow colour. 
bet aman broken, and the recent See ee 
our, with a shining surface. shining 
appearance is best acon when a transverse section ia made with 6 shams 
knife, ped prmehiwthgr sige ped te! a mrmepan frsns 
aromatic, and ing a flow of saliva. The powder has the colour 
eek The infusion is of an orange-yellow colour ; the decoction a 
lear light t 2 
Brandes thought that he had discovered an alkaloid, which he 
proposed to call in, but it has not been detected by subse- 
ent chemists. i ins neither gallic acid nor tannin. 
Tocondtiag to tho amaigile of Fickieas enuaas oie 
Volatile oil (of an acrid nature) . . .« 08 
Bitter hard resin oy eile (on tien oe 
Balsamic softresin. . . ; - 19 
Bitter matter (Angosturin bitter) . Pap sr 6 
Ce tiine Mba Me WE nt 8 oS: 
Woolly Sire a oc cc we ho oe eee 
1026 


False was ol in 18 
at. ey eae ee following the use of a decoction of 


the Austrian government ordered bark in 
empire, genuine as well as false, to be burnt, and interdicted its future 
importation. The Russian and Wiirtemburg authorities made known 
the , and published the marks distinction, which are 
sufficiently characterised, and to prevent accidents, may be 
enumerated. 
GENUINE. 

Pieces 2 to 4 inches long; from 
4 to 2 inches broad; from 4 to } 
of a line thick. 


The incrustation spongy and in- 
sipid, and not colour by 
the action of nitric aci 


Crust easily removed by the 


nail. 

Inner surface yellow, and sepa- 
parable into layers, 

Texture not close, weight light, 
easily broken, fracture even, - 
ing, and resinous, Cuts trans- 
versely without difficulty. 

Placed in water pds soon imbibes 


a Pr ep ee es een 
bitter, but not at all disgusting); pric: esa tf urable, 
bitter. : not at aromatic or astringent, 


Spurious Angostura bark, in the dose of eight 
"Ty ten grains killed a young ina minutes, A very 
small glassful of an infusion the life of an adult, while a 
dose of the decoction destroyed a with acute su Ether 
and laudanum seem to act as antidotes. Oil of turpentine may be 


a 
4 


; and similar consequences a observed at Vienna, 


le 


, killed a dog in — 


—* n obtained quite isati 
Beane, on SE ae 
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used, but vinegar must be avoided. The dread of similar casualties 
from the employment of the spurious instead of the genuine Angos- 


slighter cases of Asiatic cholera, it is the most beneficial agent which 
can be resorted to. It is best given in the form of infusion, and may 


tura bark, has prevented the use of the latter to that extent which | either be administered alone, or with the addition of dilute nitric acid 
it merits. In the treatment of the bilious diarrhea, frequent in | and tincture of opium, which last may be discontinued after a few 
damp autumns in this country, after proper evacuants, it is of the | doses. (Abercrombie, ‘ On Di of the Stc h,’ &e.) 
most decided utility. In common cholera likewise, and! Re-agents produce the following effects on a cold infusion of each :— 
Colour of Infusion of Genuine, Orange Yellow. Colour of Infusion of Spurious, Light Yellow. 
Tincture of “Bi-chloride of Sulphuric : Protosulphate Perchloride of Carbonate of 
Cold Infusion. Galls. Mercury. Acid. of Iron. Iron, Potass, 
: Dark red 
Genuine | Yellowish | Copious | yoy turpig, | Whitishgray | *SiOWR" | colouring, with 
precipitate. precipitate. precipitate. ipitate. slight 
es precipitate. 
# ; Greenish 
Spurious White Renders Wnt action. Green colour, Yellowish colouring, with 
precipitate. turbid only. slightly turbid.| green colour. dirty yellow 
“ precipitate. 


GALLSTONE. [Cuoresrerin.j 
GALL-STONES. [Caucvtus.j 
GALLAMIC ACID. [Tannio Actp.] 
GALLATES. [Tannio acm) 
galen 


periods to the coasts of Mexico and 
gold and silver bullion extracted from 
the mines, and bring it to Spain. Commodore Anson intercepted, 
and captured after a short engagement, one of these galleons on its 


ree ecortice fo. Hanills 
of the mine ae ege ine po er ted. [Moo | 
to where powder is deposit 
Lp POS, 
G. 


for coast navigation, and for 
; and by means of its oars it had a 
so frequent in the Mediterranean, 
in which it has been effectually 
introduction of the steam-boat. Even long before 
use of galleys as a naval force had been given up by 
France, their construction rendering them unfit for long navigation, 
and for encountering the waves of the ocean. The Knights of Malta, 
Naples, the (nage cag Italian ag were the = to continue 
‘or urpose of coping with the Bar 
whose vessels, sichough of a similar iption, sms 
generally smaller and unable to resist the ell. disefplined 
galleys of the Christian \ ene The largest galleys were 166 feet long 
and about 32 wide, with 52 oars. The rowers, who were generally 
convicts or ish prisoners, with chains to their feet, sat on benches 
Methtallce tok plate of 0 tarye-cled galay in the" Distonnatre 
a ption of a i in the ‘ Dictionnaire 
rhanon’ article Galére in the ‘ Encyclopédie Methodique.’) 
The ne eer to have been an imitation of the ancient triremes, 
the ancient names for several parts of the rigging, 


“antenna,” &c. The felucca is a kind of small galley. 


gi. (Gagliarda, Ttal.), a lively dance in three-crotchet time 
WWhUH Tad tin ovigis fo Hove, bot bas tallon into dimes 7 


CACID. (3HO,C,,H,O,+2Aq.) The well-known astringent 
of yarious parts of planta is due to the presence of tannic or 
. acids. Gallic acid occurs in far less abundance than tannic acid. 


may be extracted directly, precipitating tannic acid from an 
aqueous infusion of a bark, root, &c., by means of solution of gelatine, 
and then evaporating the liquid, which contains the gallic acid, 
to dryness. The residue, di in alcohol, treated with animal 
charcoal and the solution ed to evaporate spontaneously, yields 
the gallic said in =e crystalline state: 

Gallic acid is, however, usually pr by a kind of fermentation 
from the tannic acid in nu (Gates, in Nar. Hist. Dry.) 


Powdered galls, well moistened with water, are in a warm 
Ne bpeat of the air for two or three months. Mould rapidly 
on the surface of the mass, and must be occasionally removed ; 
is absorbed and carbonic acid evolved. On subsequent] 

the whole in a considerable quantity of water, gallic acid 
diasolved out, and is deposited in on the cooling of the 


the usual treatment with animal charcoal, gallic acid is obtainea 
in long, silky, nearly colourless needles or prisms of astringent taste, 
but no odour. They are soluble in one hundred times their weight 
of cold water, but in three parts of boiling water. Alcohol dissolves 
them readily, ether only sparingly. A heat of from 410° to 420° 
Fahr. causes the decomposition of gallic acid into pyrogallic acid 
which sublimes in brilliant white crystals, and carbonic acid, which 
is evolved as The sudden application of too high a temperature 
(above 480°) to ic acid causes the evolution of water as well as 
carbonic acid ic acid or gallulmic acid remains. Ebul- 
lition with strong solution of potash converts gallic acid into tan- 


nomelanic acid. Gently heating with sulphuric acid converts it 
ao rulpalti acid, while nitric acid rapidly oxidises gallic acid to 
oxalic 


Gallates are formed by the union of gallic acid with bases, In this 
way three classes of salts result :— 


Monometallic salts. ° 
Bimetallic salts . . vind 
Trimetallic salts . . . 


In the solid state the gallates are tolerably stable, in solution they 
rapidly absorb oxygen if e to the air and are decomposed. The 
characteristic reaction for the detection of gallic acid is the production 
of a deep bluish-black solution on the addition of a mixture of proto- 


and PKI of iron. 

G OT, a strong-built flat-bottomed vessel of a peculiar con- 
struction, used as a bomb-ship to fire against forts or batteries on the 
coast. The are of the burden of 400 or 500 tons, and above 
100 feet in length. See account and plate of the same in the ‘ Diction- 
naire de Marine,’ in the ‘ Encyclopédie Méthodique,’ art. “ Galiotte.” 
Galliot is also a kind of small “y or large felucca, used chiefly in 
the Mediterranean, especially by the Barbary corsairs. [GatxeEy.] 
The Dutch, Swedes, and other northern nations have a sort of 
merchant-ship which they call Galliot, heavy and clumsily built, but 
strong of timber, rounded both fore and aft, and of the burden of 
from 200 to 300 tons, , 

GALLITANNIC ACID. [Tannic Acrp.] 

GALLON, an old English measure of capacity. The Latin of the 
middle ages is galo, galona, jalo, lagena, &c. Dr. Bernard thinks the 
latter is the original. Ducange cites an old assize of David of Scotland, 
in which it is said the lagena should contain 12 lbs, of water, namely, 
4 of sea water, 4 of still water, and 4 of running water. But that 
various gallons were used is evident from statutes of Henry III. and 
later kings, in which it is enacted that ale, wine, and corn shall be 
measured by the same on, containing eight troy pounds of dry 
wheat from the middle of the ear. These statutes produced no effect, 
and distinct gallons for wine, ale, and beer, and corn and dry goods, 
continued in use until the Act of 5 Geo, IV., c, 74, which came into 
operation May 1, 1825. F 

By statutes of 1689 and 1697, the wine gallon was declared to con- 
tain 231 cubic inches, But in 1688, by an experiment, at which 
Flamsteed, Halley, and others (among whom was Ward, author of the 
‘Young Mathematicians’ Guide,’ who relates the circumstance) were 
present, it was very distinctly proved that the sealed gallon at Guildhall 
(which was the usual standard) contained only 224 cubic inches. 
“ However,” says Ward, “ for several reasons it was at that time thought 
convenient to continue the former supposed content of 231 cubic 
inches.” The fact was, that the Guildhall gallon was an incorrect 
copy of the old Exchequer standard, placed in a more accessible 
locality. Previously to this, Dr. Bernard had stated his full con- 
viction, from the measurements of predecessors whom he cites, that 
the said gallon contained 223°549 cubic inches; the agreement of these 
two experiments leaves no doubt as to their accuracy. By the Act of 
the 5th of Queen Anne, the wine gallon of 231 inches was made the 
standard; and a gallon was accordingly constructed for the Exchequer, 

aes F 


« MO, 2HO, C,,H,0, 
2MO, HO, ©, ,H,0; 
3MO, C,,H,0, 
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which the committee of the House of Commons, in 1758, found to 
contain 2314, cubic inches, The account of the experiment in 1688 
was preserved, and is cited by the committee. 

The ale gallon was measured in 1700 or thereabouts, and found to 
contain 282 cubic inches. Ward imagines that this gallon was meant 
to bear the same relation to a pound avoirdupois which the wine 
gallon did to a — troy; and 231 is to 282, very nearly as 5760 to 
7000, the latter being the proportions of the two pounds. But if the 
wine gallon were only 224 cubic inches, then the ale gallon should 
have been 272} ; or, as we shall see, the corn gallon much more nearly 
coincides with the hypothesis, 

The corn gallon was thought, in the middle of the last century, to 
contain exactly 272} cubic inches. Dr, Bernard, on the same autho- 
rities, states it to have been determined at 266 cubic inches; and the 
statute of 1697, which declares that a round corn-bushel must be 
8 inches deep and 184 inches wide, had in fact fixed the gallon at 
2688, cubic inches. 

The imperial gallon, as settled by the Act of Geo. IV., is to contain 
10 Ibs. avoirdupois of distilled water, of which it is declared that 
252°458 grains fill a cubic inch : consequently, the imperial gallon con- 
tains 277-274 cubic inches; being very nearly a mean between the old 
ale and (previously to 1697) corn gallon. According to the parlia- 
mentary standards, then, we have 


Old wine gallon, 231 cubic inches, 

Old corn gallon, 268°6 cubic inches. 

New imperial gallon, 277'274 cubic inches. 
Old ale gallon, 282 cubic inches. 


GALLULMIC ACID. pene Acw.] 

GALVANIC BATTERY. An apparatus for generating current 
electricity. The simplest combination which can be formed for this 
purpose, is that of -a plate of zinc and a plate of copper placed, 
generally, in vertical positions and parallel to one another in a vessel 
containing a diluted acid, the upper edges of the metals being con- 


= 


nected by a copper wire. In this state a current of positive electricity | pol 


eng from the zine, through the acid, to the copper, and from the 
tter, along the wire to the zinc: at the same time a current of 
negative electricity from the zinc, along the wire, to the copper, 
and from thenee, through the acid, to the zine. It is evident that the 
quantity of fluid furnished by a combination of this kind will be 
proportional to the superficies on which the acid can act; and an 
Fen designated a battery, which may be said to consist of two 
plates only, one of zinc and the other of copper, was executed man 

years ago for the London Institution. Each plate was 50 feet long and 
2 feet wide, and the two were coiled together upon a cylinder of wood, 
so as to leave everywhere an interval between the two metals: in that 
interval rope-bands of horse-hair were round with the coils so 


as to keep the metals asunder. The dilute acid was contained in a 
cylindrical vessel; and when the battery had to be used, the coils of 
metal were lowered by machinery into the vessel. 

One of the earliest forms of apparatus was the pile of Volta, in 
together a considerable number of small plates 


which were combined 
: of zine and copper, alternately, with the acid 
between them. Under GatvanisM are expla- 
nations of the electrical action that takes 
place, and we here merely describe the con- 
struction of the pile. A circular plate of zinc, 
z, usually about 14 inch diameter and wy inch 
thick, is laid upon and generally soldered to a 
thin plate of copper ¢, of equal diameter; and 
any convenient number of these are placed 
above one another, with the copper side under- 
most in all: between every two compound 
plates is a circular piece of paper p, or cloth 
moistened with diluted sulphuric acid; and 
the whole column or pile is made to preserve 
a vertical position by being formed within 
three pillars of glass or baked wood, which are 
connected together by having their extremities inserted in boards, 
of which the lower one serves as a base for the column. Tho 
paper or orang — ge tere gi —~ in ee than the plates of 
mi ; no moisture should be allowed to escape over the 
the 7 pe edges of 
n this state the lowest plate of zinc attracts the positive electricit: 
from the copper below it, and this continually bd ary & supply front 
the earth through the table, or the base of the pile; the quantity thus 
attracted is conveyed to the copper plate immediately above, through 
the moistened cloth, the latter serving as a conductor : again, the zine 
in the second plate attracts electricity from the copper below it, and, 
at the same time, receives that which is transmitted to the latter from 
the zine in the lowest plate. Thus the quantity of positive electricity | 
in the zine of the second plate becomes nearly twice as great as that 
which is in the lowest plate; and the process continuing, the quantity 
in the zine of each plate above may be conceived to be such a multiple 


of that which is in the lowest plate as is pte the number of 
the i late ay ne bottom of the pile, “here is conse- 
quently # current of positive electricity passing upwards from 
the zine, through the acid, to the copper; and if a copper wire be | 


200 
made to pass from the top of the uppermost zine plate to the copper 
ite tai lowest plete, thé Sadan ensues ONE babara Aawrn wanda; that 
circulation of the fluid will continue till the 


and returni 
If a seco! 


same as in the second; and so on: then, in uniting together, a 
metal wire passes from the copper at the bottom of the first pile to 
the zinc at the bottom of the second; another wire passes from the 
copper at the top of the second to the zinc at the top of the third, 
and so on. 

When a wire connects the opposite ends of one pile, or of a 
of piles, the circuit is said to be complete: it is said to be 
there are two separate wires, one ing from the at 
and the other from the zinc at the top. If an animal body were in 
connection with the farther extremities of the wires it would complete — 
the circuit, and experience shocks. ; 

The opposite extremities of the pile, or of the wires which are in 
contact with them, are called the of the battery. As the current 
of positive electricity seems to issue from the zine at the top of the 
pile, that extremity is called the positive pole of the battery; at the 
same time the negative electricity seems to issue from the ope 
the bottom, and therefore the terminating copper plate is 
negative pole, These designations are rev when a single pair 
plates bed owe is Pipe rasa hd chen ge the 
tive electricity passes from the zinc plate, through the L 
co} te, and the wire air from the 
pper-pla deovct md 


through the 
late; it is evident that 
electricity will flow from the copper, and therefore the 


to 
the ground that 
connecting the two terminal wires no samme 4s evolved, and when 
a circuit, no 


Ary a mgd foarte By i ass canaries 
signifi way or wy . ‘orming sup- 
posed the battery to be placed on the ground with its copper or + end 
to the east, and the wire connecting the ends of the battery to be bent , 
into an are, similar to the course of the sun; in such case the electric 
current would flow up from the east end of the battery, and descend 
into it at the west end. The fluid decomposed by a current 
through it was termed an ¢lectrolite; the elements liberated é 
decomposition were termed ions ; those which appeared at the ca 
were named cations, and those set free at the anode anions ; thus in 
the decomposition of sulphate of copper the metal is the cation, and 
the acid the 3 anion. Daniell = the word Pome ineey for the 
ive pole; while Graham introduced 


§ 


The new terms, with a few exceptions, have scarcely obtained a ings 
: itive 


which permitted no communi 


many pairs of plates, zine and copper, of equal superficies, as there 


were partitions, jvere provided; the two plates of each were 
soldered or fastened together at their upper extremities, so they 
ight be parallel to one another» and all were united together by a 


of wood, so that they could at once be placed into or removed 
from the cells. The bridges or connections between the zinc and 
copper plates stood directly over the partitions, so that there was a 
copper and a zine plate in each se cell, except at one extremity 
of each trough, in which, till two troughs were connected together, the 
cell had only a zinc plate. When one trough was to be connected with 
another, in order to increase the battery, a slip of copper, as at a, 
soldered at thé top of a zine plate, was bent and made to enter the 
cell B, containing only a zine at one end of the trough. 
In order to form the complete circuit, one extremity of a wire was 
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made to enter the cell a, for example, which was the positive end, and 


the other extremity was brought to the opposite end of the trough, or | acid. 


plate 

thus both surfaces of each zinc plate 
the electric tiycneip ier dvd rapid 
at the 


Reem Owe plated of copper; 
by two ; for 
lm anleomser in 


ipal discoveries. 
by Professor Daniell consists of any 
cores) Coes at the top, about 16 inches high 


bright. 
placed a of wood, through 
which, in the direction of the axis of 
the cylinder, is a perforation above an 
inch in diameter; and to its base is 
attached a short tube 5 of copper, less in 
diameter than the cylinder, and carrying 
4 near its upper extremity an annular plate 
a ¢ of copper, in which are pierced several 
ena letad When the wooden cover is 
os ead chy Bay owen ee caterer 
top of the latter; and the part of 
the cylinder between the short tube 
dad to annular plate is filled with 


or pieces of sulphate of copper, 
Siu pendanliy Gieisicton veneer te 
be ps gtd solution in the lower part 


Pe inscribe of io choxt tube wen 
affixed, in the original arrangement, one 
end of a piece of ox gullet d, about the 
same length as the copper cylinder, and 
having its lower extremity tied so that 
whole formed a membranous bag; this is to contain diluted sul- 

acid (eight parts water to one of acid). A rod of zine z, about 


i 


4 


same as the cylinder, an inch in diameter, and terminating at 
upper extremity a brass ball, is passed through the perforation 
wood, down the interior of the membrane, so that its shoulder 


top of the wood; the surface of the zinc being previously 


amalgam of mercury. Instead of a membrane, a bag 
or a vessel of porous earthenware, may be more 


AS 
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: 
' 


nitric 


diluted sulphuric or muriatic acid. The rod of 
place of od plate of copper in Children’s battery, 
po 


i 
Bs 
i 
i 
: 
: 
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: 


Ere 
Fe 


i 


i 
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linders of carbon by heating a 

caking coal, or powdered coke moistened 

f sugar. The carbon answers very well while 
deteriora absorbing the nitric acid, Poggen- 
is not acted on by strong nitric acid. 
ducting plate is of silver, on 
deposited, this f 


0 
the hydrogen ; each side tthe aves 
f£ amalgama' 


sft 


— 


= 


ey: 
i 
f 
ef 
: 


. 


ted zinc of the same size, 


, 
he 


which acts as the positive plate, and is excited by dilute sulphuric 


Grove’s gas battery possesses a theoretical, rather than a tical 
interest. It is stated, under GaLvAnisM, that the amount of force set 
in motion in a voltaic arrangement depends on the difference between 
the affinity of the two metals for the active principle, or radicle of the 
acid, The liquid which excites the chemical action is decomposed, its 
elements are separated, and they either combine with the metallic 
plate, or accumulate on its surface. By these means the voltaic action 
is opposed and enfeebled, in consequence of the tendency of the come 
ponent parts of the fluid to re-unite; for example,when dilute sulphuric 
acid is used, it is important to get rid of the hydrogen which adheres 
to the platinum, and produces a counter-current, which may be made 
evident by connecting a platinum plate, opposed to a zine plate with a 
galvanometer wire, when, on ing to the other end of the galva- 
nometer wire another platinum plate, free from hydrogen bubbles, 
and plunging both into dilute acid, the needle will be powerfully 
deflected. In the gas battery a plate covered with oxygen, is opposed 
to a plate covered with hydrogen. A cell of this ba consists of 
two tubes ; through the wu end of each is soldered a platinum wire 
attached to a platinum ing to the bottom of the tube. 
The hydrogen tube has twice the capacity of the oxygen, and the tubes 
are supported in a vessel containing dilute sulphuric acid. At the 
beginning of the iment the tubes are filled with the dilute acid, 

are charged with gas, by being connected with a voltaic battery. 
When the tubes are in this Shas , they are separated from the. 
battery, and the mercury cups at the top of the tubes being connected 
with a galvanometer there is a strong deflection of the needle, and by 
connecting 8 or 10 cells in such a way that the oxygen of one cell may 
be connected with the hydrogen of the next cell, sparks between 
charcoal points and various chemical decompositions may be obtained. 
The gases gradually diminish in bulk, but the current is maintained so 
long as they remain uncombined. 

_Yor the formation of a voltaic circuit, it is usually stated that two 
dissimilar metals, and a fluid acting upon one of them, are required. 
We have seen in the case of the gas battery a variation from this rule, 
which may be still farther departed from in various ways. For ex- 
ample:—if a single metal be plunged one end into a liquid capable of 
acting on it, while the other end is dipped into a different liquid com- 
municating freely with the first liquid, but having little or no action 
on the metal, a current will be established. If, for example, we place 
in the bend of a [J tube a piece of tow, and in one limb pour ina 
solution of chloride of copper, and in the other limb one of common 
salt, and connect the two open ends of the tube by means of a strip of 
copper dipping therein, crystals of copper will formed upon the 
end of the strip immersed in the metallic solution, while the end of 
the strip immersed in the salt and water will be corroded, and chloride 
of copper be formed. By using various liquids in the two limbs, 
Beequerel has obtained many of the metals in beautiful crystalline 
forms. It has also been shown that similar actions are going on 
within the earth’s crust; for by connecting, by means of wires 
attached to a galvanometer, the surfaces of two contiguous lodes of 
ore, the existence of feeble but continuous currents was detected. 

The battery used at first by Professor Wheatstone for his electrical 
a ae was formed nearly on the same principle as that of Mr. 

i A small outer vessel contained a solution of sulphate of 
copper, together with the plate of copper which formed the negative 
pole ; within this, a small porous cell contained dilyted sulphuric acid, 
and at the bottom was an amalgam of zinc and mercury, which con- 
stituted the positive pole. Variotis other forms of battery, and also 
an electro-magnetic apparatus, have been employed for working the 
telegraph. [TELEGRAPH.] 

A notice of galvanic apparatus would not be complete without 
referring to Delue’s dry pile, which consists of circular disks of paper, 
one surface of which is coated with leaf gold or silver, and the other 
surface with zinc foil, Some thousands of these disks are arranged in 
a glass tube, with all the zine surfaces in one direction, and the silvered 
or gilt surfaces in the other direction. If these disks be pressed 
together, and a wire attached to each end, the leaves of the gold-leaf 
electroscope may be made to diverge by touching the cap of the instru- 
ment with one end of the pile, and connecting the other end with the 
earth. If the two ends of the pile be made to terminate in metal 
disks placed about an inch or so from each other, and be well insulated, 
an insulated slip of gold-leaf suspended midway between them will 
oscillate backwards and forwards for months, and even years. A dry 
pie consisting of 20,000 disks gave sparks, and charged a Leyden 

ttery so as to produce shocks. The term dry pile is, however, a 
misnomer, since the action depends on the moisture contained in paper 
when exposed to the air; if the paper be artificially dried the pile 
ceases to act. Zamboni substituted finely-powered peroxide of manga- 
nese for the gold or silver leaf, with effect. The pile terminated 
in metal plates, which compressed the paper disks by means of ligatures 
of silk, and the pile was insulated by giving it a coating of sulphur. 

In all voltaic actions power is transferred by means of a polar 
influence propagated through the solid as well as the liquid particles of 
the circuit, As a consequence of polarisation we get electric tension, 
the effects of which may be shown by a numerous series of alternations 
of zine and copper (Mr, Gassiot’s battery consisted of 3520 pairs), each 
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insvlated its effects are remarkable. With 1000 cow 


deflected, and paper) 
po’ mposition, | 
the chemical effects of the water 
Under Execrro-Drnamics will be found some formule for esti- 
mating the force and resistance of galvanic currents; and we gave a 
brief statement of Ohm's method of representing the mutual actions of 
the electro-motive forces, and the resistances of any circuit in the form 
of a fraction. Now as the power of any combination, simple or com- 
pound, is directly proportioned to the electro-motive force, or chemical 
between the active metal, and one of the elements of the liquidl 
tae it acts, and inversely proportioned to the resistances to be 
overcome, the numerator of the fraction will be represented by x, the 
electro-motive force, and the denominator by R+7, RB mting the 
resistance in the cell or the battery (chiefly due to the ity between 
the elements of the liquid for each other), and r all resistances exterior 
to the cell and the battery, such as that of the connecting wire : then the 


expression a A would represent the effect of any combination where 


"4 indicates the amount of force in circulation, whether measured by its 
heating or by its magnetic effects. If the connecting wire be very thick, 
so as to offer little or no resistance to the current, r goes out, and the 
fraction becomes S=A. Now, suppose that when a pair of zinc and plati- 
num plates, 6 inches in length and 1 inch in breadth, and 1 inch apart, is 
immersed in dilute acid, =1 and r=1 then Zai=l. If a pair of 


plates, 6 inches broad and 6 inches long, be immersed in the same acid, 
since the resistance is inversely as the surface of the plates immersed, 
zg 1 
the fraction becomes R or 1=6, or the power is increased six-fold, as 
6 66 j 

with the former. If each of the plates be cut into six 
slips, and these be arranged in pairs, all the platinum plates 
connected by the same wire and opposed to all the zinc plates simi- 
larly connected, the same fraction still represents the result, since the 
relative size and distance of the plates remain unchanged ; but if the 
plates be made to alternate, the zine of one pair connected by a wire to 
the platinum of the next pair, so as to produce a compound circuit, 


the fraction becomes se=e=, the electro-motive force is increased 


six-fold, but the resistance is also increased in the same proportion. 
The force,which in this case circulates through the connecting wire, is 
not greater than if a single cell, containing a pair of plates 1 inch broad 
and 6 inches long, had been employed. If, however, the connecting 
wires were several miles in length, as is the case in the electric tele- 
graph, r becomes important. We will suppose the resistance to be 
twenty-fold greater than that of the liquid in each cell: then, in the case 

E 1 


of the simple circuit, the fraction becomes R 
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although in both cases the resistance greatly diminishes the amount of 
circulating foree, the power in the compound circuit is five times as 
great as that produced by the simple circuit, so that wherever there is 
a great external resistance, a com d battery is very much to be 
preferred to the simple circuit. For, let mn = the number of plates in 
a compound circuit, k the electro-motive force, p the distance between 
the plates, s the area of the plates, J the length of the conducting wire, 
athe area of a section of the wire, then the action of a compound 
battery with its extremities connected by a thick metallic wire, is 
ne 


expressed by the fraction a In Professor Miller's ‘ Elements 


Re 

of Chemistry,’ ee i., the reader will find some further instructive 
applications of Ohm's theory. The chemical decompositions produced 
by the galvanic are stated under Evectro-Cuemistry ; and 
the brilliant light furnished by the voltaic arc is noticed under 
Exectric Licur. See also Execrrican Eas. 

GALVANISM. This department of electricity takes its name from 
Galvani; but its infant pr was due ina much greater degree 
to his contemporary Volta, by whom piles were first constructed for 
gg Fey intensity of the electricity produced by a single pair of 
plates, @ production of electricity in this case arises from the 
action of the acid in the cell between two plates of dissimilar metals, 


and in the case of the compound circuit, 


that which is the more oxidable giving out positive electricity, as 
explained under E.xcrno-Drnamics, The forms in which the piles 
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SupaENDn iy. 4S00 - ORRRRED DOREY ea ea under 
ATTERY. 

The electricity thus produced is of the same 
the common machine; the only difference 


producing galvanism is continuous, that is, when in 
it is immediately reproduced by the oxidation of the zinc; 
been successfull, 
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to those produced by the ordinary machine to cease, but gives to 
the electro-d; ic and electro-magnetic phenomena, 
parang ag = ae — from ee f gpec of the 
ittery are t ciently near current may 
through an in substance, or shen the ciroulh Se comaantae 
imperfect conductors, the i which the ec 
substances undergo constitute the phenomena of galvanism. It 
be observed that the relative conductibility of substances for Voltaic 


nearly the same as for common electricity, but the alterations pro- 
duced by the former in the tem; and internal nature of the 
substances through which the current is admitted interfere in some 
d with that order of conductibility. 


he di tion of metals is effected by beating into thin 
leaves, yi are then pry on toa ated erp oe" aie 
itive negative wires e battery, it wil a 
A toh ok cock other: nari Sas burn with a beautiful but 


which is of different colours in different metals. Thus—zine gives a 
white light with a reddish border; copper, a bluish white light, and 
throws out red sparks; lead, a purple light; gold leaf, a beautiful 

white light tinged with blue. 
But if the gaye peregran pprearaphecien lagers, be of 
small irregular forms, or wire- , their tempera' rapidly 
them. Steel burns, iron wire 


seized by employing it in the solar microscope [E:rornic Licut] ; 


Pain 


that, 

estimation of such an order, we must take an account of the 
heated, and of the extent of its surface which is liable to cool by 
contact, radiation, or both; and lastly, of the loss of conductibili 


sioohel, ho som) bebotioened. sind acnpowdar explodeos tedaioer ane 
ol, &e., may , and gunpowder exp! b 
dise’ through charcoal oat lees. 

Sir Humphry Davy avoided the increase of in the wires 
through which the current was di by them of a length 
sufficient to di e number of pairs of plates employed in the 
pile, and thus found that the 1 of wire in this case is inversely 


Lbs descr to the number of double plates. The diminution of 


raised one part of it to a white heat by means of a blow-pipe, the heat 

tely Bei any The 
order of hea in metals, beginning from that most susceptible, 
which he has given, is as follows :—iron, palladium, platinum, tin, 
zine, gold, copper, silver. 

Under Evecrro-Cuemrstry will be found a statement of the relation 
subsisting between chemical changes and galvanic electricity. We 
may however in this place state some of the early results obtained, 

‘he decomposition of water by the battery is effected by bringing 
the points of the positive and negative wires very near each other 
under water, inverted glasses placed over them to collect the 
gases which are evolve If the be not oxidable, then oxygen 
gas will be formed at the extremity of the positive wire, and hydrogen 
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ign products, when producing decomposition by galvanism ; soda, 
Racks sometimes found, was due to "he decomposition of small 
portions of the glass in which the experiments were made, and 
muriatic gas to vegetable substances employed occasionally, as wet 
cotton-thread, when the liquid was contained in separate vessels having 
this mutual communication. 
neutral salts were held in solution and exposed in the same 
manner to the galvanic action, their alkaline bases were found at the 
negative wire, and the acid at the positive: thus zeolite was decomposed 
into soda and lime; glauber salt into solution of soda and sulphuric 
acid; while the metallic solutions gave their crystals and oxides to the 


even when the latter had a great affinity for the elements which passed 
through it. He arranged three cups, in the first of which was a 
solution of litmus, in the second a similar solution, and in the third 
sulphate of soda. The positive wire was immersed in the first cup, the 
negative in the third; and the intermediate one was connected with 
the 
plete 


| 


cups by means of a moistened thread, so as to com- 
result was, that the solution of litmus in the 


with the solution through which it passed. Similarly, upon reversing 
the poles, a green was produced in the first cup, while the middle still 
remained unaffected. But he soon i that there was an 

to this, uamely, when the transmitted substance and the 
medium combine so as to form an insoluble compound; for when it 
has thus acquired a 


to chemical decompo- 
by galvanism, that it is quantity rather than intensity 
which is requisite, and that the metals, alkalies, and earthy bases are 
transferred to the negative pole ; the acids, oxides, and chlorides to the 
a By the successive labotrs of Davy and other chemists, 
which had before been supposed simple, as soda, 
, lime, baryta, strontia, magnesia, zircon, &c., were analysed 
this powerful instrument; and though silex, alumina, &c., offered 
resistance to ~ application, and the metallic bases ee with 
m again combining with oxygen, still in the 
majority of cases the analysis has been successful. The same method 
was ied by Brande to fluids containing albumen, when albumen 
and were found at the negative pole, albumen and acid at the 
re; he also found that though it remained fluid with a weak 
, When a stronger one was employed it was separated in a 
form. Experiments of the same nature were made by 

Bird, whose results do not with those obtained 

Brande. He used for his battery the Voltaic form, a Cowronne 
Tasses of thirty small Fiquid excited only by a weak solution of salt, 
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iquid albumen in a state of non-combination. 
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loudy en took place near the positive 
it. e experiment being next made with 
cotton, coagulation took place in 
positive vessel, while none occurred in the negative; after a time 
contents of the former had an acid taste, and of the latter a caustic 
alkaline flavour : when all in the positive vessel was coagulated by the 
galvanic action, he found there hydrochloric acid mixed with chlorine, 
and the alkali in the ive vessel. Sogo setae explanation 
of the causes of the difference in Brande’s results. ~ 

An interesting class of experiments is due to Mr. Crosse on the 
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_ employment of ity, in a state of high tension, to form mineral 
and other patron a is a cavern near Broomfield, of which the 


1 arragonite and carbonate of lime and fine crystals. 
ich drips from this vault holds in solution ten grains of 
carbonate of lime and a little hate of the same to each pint, A glass 
filled with this water was submitted to the action of a Pat con- 


of car- 
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regular and i crystals, 
whence it follows that the bi-carbonate was decomposed into carbonate 
and carbonic acid gas. He also let the water drop on a piece of brick 
subjected to a current from 100 five-inch'plates, the brick being sup- 
ported by a funnel which conducted the water into a vessel below; 


after four or five months the brick near the negative pole of the battery 
was covered with carbonate of lime, while near the positive pole were 
disposed prismatic crystals of arragonite; and the same experiment 

ing repeated with fluosilicic acid, regular hexahedral pyramids similar 
in all respects to quartz were obtained; those which were left in a dry 
place acquired sufficient hardness to scratch glass; the others had not 
that power, and gradually lost their transparency. In his varied ex- 
periments of this nature he succeeded in forming, by means of the 
galvanic battery, the following minerals :—carbonate of lime; arra- 
gonite; quartz; protoxide of copper; arseniate of copper, and its blue 
and green carbonates; phosphate of copper ; carbonate of lead ; chalce- 
dony, &e., upon which Becquerel remarks, in his ‘ Experimental Elec- 
tricity,’ “nearly all these substances we have obtained these dozen 
years with the simple electro-chemical apparatus.” 

We now pass on to a brief notice of the physiological effects pro- 
duced by galvanism, from which we must exclude any account of the 
animaleule observed by Mr. Crosse in the solutions employed in his 


experiments. 

In the life of Gatvant, in Broa. Drv. [see also Voura] there is an 
account of the convulsive motions to which denuded frogs are subject 
when the nerve and muscle form part of the galvanic circuit. In order 
that an individual may receive a shock from a bai , it is advisable 
to moisten the hand, because the dry cuticle is a bad conductor of 
electricity: then, on holding one of the wires of the battery and 
touching the other, the shock will be received and felt in the wrists, 
arms, or shoulders, according to the intensity of the current; or a 
continued sensation, resembling the piercing of a very fine needle, will 
be perceived by dipping the finger in a dish containing a little water in 
which the wires of the battery are inserted at the same time with the 
finger. In both cases, if the nerves are denuded by a cut, the sensa- 
tion is painful, and the pain will remain some time before it subsides. 
In some experiments of this kind Humboldt brought on an inflamma- 
tion by applying the current toacut. Volta has asserted that the 
negative wire communicates the greater pain. - 

A flash of light is perceived by covering the bulb of the eye with 
tinfoil and forming a metallic communication thence with the mouth, 
as for instance with a silver spoon; also Berzelius found an acid taste 
on dipping the tongue into a zinc vessel containing water, which was 
placed on a silver stand, by touching the silver with his hand so as to 
complete the circuit. When the negative current is communicated to 
the taste, it is caustic and alkaline. 

When the battery is applied to a nerve of a person recently dead, 
and the circuit is completed, several violent: motions ensue, dependent 
on the relative position of the nerve and muscle; thus, when the wire 
communicates with the phrenic nerve, the muscles of respiration are 
set in motion; when from the ulnar nerve to the spinal marrow is 
included in the circuit, the fingers are set in quick motion, and so on. 
Fishes are still more susceptible of this electric action than animals, 
and strong convulsive motions will be exhibited by a live flounder 
placed on a zine dish and having a piece of copper or silver on its back, 
as soon as the two metals come in contact: similar effects take place 
with leeches, worms, and amphibious animals. 

It was thought by Volta that the involuntary muscles, such as the 
heart, could not be thus excited, but experiment has decided against ' 
him. 

When the secretion was suspended by cutting the eighth pair of 
nerves, Dr. Philip and several French anatomists have restored it by 
establishing a galvanic current through the divided part of the nerves 
next the stomach, 

Intermittent currents have been employed in the experiments of 
Masson, Peltier, and Delarive. To effect this M. Masson used a toothed 
wheel rotating by a cord round it; its axis, supporter, and itself being 
all metallic: a communication is formed between this wheel and a 
battery in the form of a helix: the object of the teeth of the wheel is 
occasionally to suspend the action of the current by making the con- 
necting rod of too great a length; hence, when the wheel is made to 
revolve, the galvanic current acts and is suspended alternately. By a 
series of intermitted discharges produced in this manner, M. Masson 
had the cruel pleasure of killing a cat, 

It has been ascertained by Matteucci and others, that portions of 
muscle and nerve present different electrical states with reference to 
other portions of the same muscle or nerve. For example, the external 
portion of a muscle may bear the same relation to the internal, as 
platinum does to zine in the voltaic circuit. In fact, a voltaic pile 
may be formed by slices of muscle arranged so that the external part 
of one slice may touch the internal part of the next, and so on. 

P. Santi Linari drew the electric spark from the gymnotus in the 
following manner :—he took a glass tube of the shape of a capital U, 
which he partly filled with mercury; at each end was fixed an iron 
wire through a wooden button, and which reached very near the mer- 
cury. The a tus being fixed with mastic on varnished wood, the 
ends of the wires were made to touch short platina wires terminated by 
laminz of the same metal, intended to make a good communication 
with the different parts of the electrical fish. When the circuit was 
formed, a spark visible even in the daylight appeared at the place 
where the conductors were interrupted. This experiment he repeated 
in different forms. (‘ Biblioth. Univ. de Gendve.’) 

M. Delarive has noticed a remarkable difference of effects in the 
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action of Voltaic and of lectric currents. When the wires | combine, is liberated at that surface in its gaseous state; the metallic 
of the latter were used for decompositions, but in the form of thin of the circuit no chemical change except at the surface 
leaves or laminw, there was but little Seen ae of and the contact with the fluid, where the forces oxidation of 
more the lamina was plunged, the less was the gas pete, pa Beary was | the metal, and consequent decom of that fluid. 


not the case in the common form of the wire: this does not occur in 
Voltaic electricity ; the same experimentalist has sought the quantity 
of electricity y tod pose a given quantity of water, and 
his result is that the product of the time multiplied by the intensity 
of the current is constant. 

Let us now recapitulate the general phenomena of yoltaic or electro- 
chemical action. 

If two flat pieces or plates, one of zinc, the other of copper or 
platinum, be immersed, without touching each other, in diluted sul- 
phuric acid, chemical action, as it is termed, will take place between 
the zine and fluid; the water of the latter undergoing decomposition, 
its oxygen unites with the metal to form a protoxide, while the 
equivalent of hydrogen is set free, but adheres to the surface of 
plate in small bubbles, which gradually coalescing into larger, 
themselves and rise to the surface from their specific levity; the 
protoxide combines with an equivalent of acid, forming a soluble salt, 
which, being consequently removed, allows of renewed and continuous 
action on the metal. In time however the fluid becomes saturated 
with the sulphate of zinc, which is then thrown down undissolved, and 
is also re aa on the surface of the plate, acting mechanically to 
prevent that intimate contact between the pure metal and the water 
which is essential to chemical action ; this obstruction is also in some 
measure occasioned from the-beginning by the adhesion of the bubbles 
of hydrogen, and consequently that action is gradually retarded and 
finally ceases. During this time the copper or platinum plate is per- 
fectly inactive, neither of these metals being affected by sulphuric acid, 
or more properly, owing to the affinity, as it may at present be still 
called, between those metals and oxygen, being weaker that which 
exists between the hydrogen and that element. 

Under these circumstances, if a perfect communication be made 
between the two metals, by causing a wire soldered to the one, to touch 
that connected with the other, a remarkable change takes place in the 
—— the chemical action between the zine and the fluid 

mes more energetic, but the hydrogen, instead of being liberated 
at the surface of that metal, appears solely at that of the other, although 
not the slightest effect is produced on the copper or platinum itself; 
while the connecting wires will be found to exhibit, by their increased 
temperature and their magnetic state, the usual indications of what is 
termed an electrical current ing along them, and, as is well known, 
an electric spark is visible at the instant of separating the wires, pro- 
vided the plates be sufficiently large. 

It is now generally admitted that all chemical is connected with 
electrical action, and that they bear a direct relation to each other, 
that is,a certain constant quantity of electricity is evolved by the 
decomposition of each equivalent of any compound, though that 
quantity varies for different bodies; but it is not clearly known 
whether the electricity is the cause or the effect of the chemical action, 
they being perfectly contemporaneous and co-existent to all our means 
of observation. It follows therefore that the quantity of electricity 
varies with the extent of surfaces between which the action takes 
place, as well as with the nature of those surfaces ; but with the same 
two metals and fluid this quantity depends solely on the extent of 
surface, that is, on the size of the zinc plate. 

It has been proved by Professor Daniell that under these cireum- 
stances our power of collecting or retaining the electricity evolved 
from any given surface of metal, depends on the extent of that of the 
other, or conducting metal, for in the arrangements under con- 
sideration the copper or platinum plate simply acts in this capacity, 
and that this second plate cannot be too. large in proportion to the 
former, to prevent the loss of any of the evolved electricity, which, 
if it do not meet with a good conductor in its immediate proximity, 
passes off to some other.* The form of our arrangements puts a limit 
to this inequality in the extent of surfaces of the generating and 
conducting metals, but a more important principle still further con- 
tracts this limit, which must be briefly adverted to. 

All electrical action is most easily and consistently explained as the 
effects of induction [Euecrntorry, Common; Potarrry], or of an 
action exerted by matter, itself in a polar state, producing polarity in 
surrounding matter ; what is commonly called an electrical current is, 
on this hypothesis, the momentaneous destruction and reproduction 
of polar forces, acting along a chain of particles sufficiently approx- 
imated to admit of the intensity of the forces in that line exceeding 
that produced on contiguous coaerprd in other and lateral directions, 
In the voltaic circuit the particles of the fluid form a part of the chain 
through which the induction, originated by the zinc on the fluid, is 
Fropagnted, the chemical decomposition is connected with or occa- 
sioned by this polarity, the hydrogen of one particle of water quitting 
its equivalent of oxygen to combine with that of the contiguous 
particle, and so on throughout until the hydrogen of the particles in 
contact with the conducting plate, having no oxygen wherewith to 


* If a large electrical machine were provided with a small conductor, this 
might become charged by half a turn of the handle, and must discharge itself 
ly to the ductors before it could receive a fresh charge. 


If this chain of polarised icles be broken, and the interposed 
matter be a nonconductor, current is at once arrested, and the 
coma Ghasticn tx the coutusting poner Si Saanmnet airs 
even a ution in the co! power of any 
occasions a diminution or retardation of that a 
the ment is an imperfect conductor, com: 
tallic part, and if the distance between the increased, 
increase of the in i on of imperfect conducting 
may occasion a cessation e action, and always diminishes 
inverse ratio to that distance. Hence the necessity in all 
voltaic batteries for diminishing as much as possible 
fluid between the metallic elements ; the 
the negative or conducting plate cannot be we increased, if 
so dving it becomes necessary, owing to form 

t, to increase the distance between the two plates. 

‘Aiboagh ws are warranted in inferring by analogy that there 
be other chemical sources of electro-polar induction than 0 
a metal, yet at present we are not acquainted with other that can 
at all be compared with it in en ; and, of all combination by which 
this oxidation may be produced, most efficient is that of a metal 
and a golution of a metallic salt, the acid of which has a 
affinity for the former metal than it has for that with 
of copper 
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both surfaces to consist of the same metal, polar currents would be 
produced in opposite directions, which would neutralise each other's 
action. ; 

The precaution alluded to consists in interposing between the decom- 
posing plate and the metallic solution a substance which, while it 
admits of the passage of the current, and even that of the pure fluid 
under A a oe pee of — current 
cepts the soli ; the 
it is ‘echnbliy "tannins, for which we are indebted to 
Daniell, consists of a small rod of ted zinc, that is, of zinc 
the surface of which is coated over with mercury, placed in a mem- 
branous bag, or in a roe earthenware cylinder, filled with dilute 
sulphuric acid, this cylinder vadiye. | being again placed in a copper one 
filled with a saturated solution of sulphate of copper; this external 
copper vessel constitutes the conducting plate, and has the connect- 
ing wire soldaped to it, while the other wire is attached in any con- 
venient mode to the zincrod. It must be observed that the membrane 
or porous cylinder must be perfectly continuous: the least fissure 
would admit of the passage of the copper to the zinc, and destroy the 
effect. 


making the ends vf 
the solution of the sulphate of copper is decomposed, the 

metal being deposited on the surface of the copper vessel; it is con- 
sequently necessary to maintain the supply by adding from time to 
time solid sulphate to the solution, so as to keep it always saturated ; 
for it must be distinctly understood as a fundamental principle, that, 
without continuous chemical decomposition and recomposition, no 
current or circle of electro-polar forces can be maintained. 

Let the ends of the two wires, not in contact, be plunged into a— 
liquid compound, such for example as sulphate of copper in solution, 
which, being an imperfect conductor, is capable of decom ; 
decomposition of it will ingly take place, and in same 
direction as that in which it ocours in the fluid of the battery; that 
is, the copper of the solution will be determined to or precipitated on 
the wire connected with the zine plate, while the other wire will be 
dissolved, uniting with the free acid to produce a sulphate. It may 
be asked how it happens that the copper wire is dissolved while the 
plate of that metal in the battery is not acted on, and what becomes 
of the hydrogen which was liberated in a free state, when dilute acid 
alone was employed. This apparent contradiction is explained by an 
attentive consideration of the constant direction of the current, and 
the consequences of its passing through the two portions of fluids in 


° te ions as regards them. At the zinc plate the action is 
e same as before, but by virtue of the currente@ialty Whe copper ia 


* The object of amalgamating the zine rod is to prevent this local action, 
which arises from the inevitable want of perfect homogeneity in the metal; any 
the slightest difference in two portions of which will cause them to act as 
positive and negative elements of a small circuit, and a great number of these 
causes that action on the zinc which takes place before the great or principal 
cirouit is completed; the perfect conducting power of the mercury appears to 
Jestroy or neutralise these partial currents, as that of the battery itself would 
be destroyed if the two plates were connected within the fluid by a perfect con- 
ductor, instead of having an imperfect ono interposed between them. 
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determined to the conducting plate instead of the h; » which 
plate therefore remains on; in the other portion of fluid the 
wire connected with the copper plate becomes the analogue of the 
zinc, and the water ing decomposition at its surface, the 


combines with the free sulphuric acid, while the copper of the 


ins why, during electrolytic decomposition, the 
und are determined in definite directions to one 
secresenses or electro-negative, or into Cations and 
ftiwes according to the nomenclature proposed by Professor Faraday. 


When the elements of a voltaic arrangement are single, or when it 
plates only; the current, however abundant as 
regards what may be called quantity, is deficient in tension, or in that 
eeree pre-eminently c terises the electricity of friction : an 

of tension, as wellas of quantity, is obtained by combining two 
or more single batteries, the copper element of the one being connected 
with the zine of the next by a perfect conductor, and so on in continued | 

i In constructing such compound arrangements, or batteries, 
it must not be inferred that the quantity and tension simply 
on the extent of the surface of the taken collectively, and on 
their number; it has been proved by iell, Faraday, and others, 
the maximum effect i ined from a given amount of surface and a 


itional power 
el Sadie aaceak aandy etre to. abak oookt lor 
been produced if all the plates had been reduced to the size of the 


The term tension, as applied to the imparted to the voltaic 
combinations, is, an injudicious one; 
idea of some resemblance to quality of 
frictional electricity alluded to, which, as will be presently stated, is 
precisely the case, but that a very decided modification of the 

i the current is produced by these combinations is 
shown by the fact. that the decomposition of a fluid electrolyte into its 
elements cannot be effected by a single pair of plates, 

however extensive their surface; while this decomposition becomes 
means of a combination of four or five small batteries, 


g 


reasons before 
resins ta pcteame od. claciciod , the mind has, as in other 
from first observed to simple generalisations, 


sciences, a 
or theory, which have again served meee to new observations and 
jprehensi 


remains to be acquired, we are warranted in concluding, from the 
steady adherence to the principles of inductive philosophy which has 
long characterised our investigations, that the present theory of this 
Science will be an admitted one, divested as it is, and ought to be, of 
attempt to explain ultimate causes, and limited to comprising in 
ag Papesac the combined results of past observations, to be 
by its accordance with new ones as they occur, What electri- 
or more correctly speaking, whatis the nature of that unknown 
cause of electrical action in the most comprehensive 
of this term, we are utterly, and probably ever shall be, ignorant ; 
this agent’appears to be as inseparable from matter as gravitation, 
to be the consequence of its in an active 
Tt can be elicited, or brought into this active state, by different 
is remarkable, it presents some striking modifications 
, according to the cause which has immediately 


g 


juan 
pelct 
cs : 
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it was these modifications which prevented its 
recognition when first obtained by chemical action, or by other than 
mechanical means, and caused it to be denominated galvanism or 
voltaism, and yet longer concealed the constant connection, if not 
identity, between it and magnetism. 

That the ultimate cause of these modified modes of action is 
identical, we are warranted in inferring from the identity of the phe- 
nomena which they all produce, and from the interchangeable relation | 
of cause and effect that exists _ these various sources of elec- 


ists between 
; thus we infer that the unknown 


trical excitation ; } t alluded to is | 
the cause of electricity, voltaism, , and heat, for each of | 
these may be 


the most abundant source of this agent, and all these pheno- 


that | the 


surface of the plates of which is far less than that of the } possess 


more freely by it than by the others; nevertheless 


the presence, even in the least appreciable degree, of any one of them, 
warrants us in admitting the identity of the cause. Magnetism is 
always co-existent with the agent alluded to, but under certain con- 
ditions of direction of the electrical and magnetic polarities. Whether 
that agent be elicited by mechanical or chemical action, or by changes of 
temperature in different metals [THerMo-ELrcrriciry],and conversely 
by employing magnetism as the immediate exciting cause, chemical 
action, heat, light, and magnetism itself may be produced, [MacnzTo- 


CITY, 

The most remarkable and obvious of the modifications which have 
been above alluded to are those which have given rise to the terms 
electricity of tension, and current-electricity, the former characterising 
frictional or mechanical, the latter chemico-, thermo-, and magneto- 
electricity ; but it is now acknowledged that these terms are only 
expressive of the highest and lowest degrees of a common property. 
The spontaneous disruptive di which takes place through very 
imperfect conducting media, such as dry gases, from a body supercharged 
with frictional electricity, has never yet been produced by the most 
redundant quantity of chemico-electricity. Contact must be made by 
some good conductor before the current can pass ; although the current 
will continue for a short time after that contact is again broken, but 
only through a small intervening space, never exceeding an inch or two, 
between the anode and the cathode, the continuity of the current under 
these circumstances being indicated by the intense arc of flame between 

points inating the connecting wires of an extensive compound 
battery ; and in the case of thermo- or magneto-electricity it is only at 
the instant of ing the contact that the spark appears, indicating 
the momentary transit ugh an unappreciable distance of the current, 
which is instantly arrested when that distance becomes sensible: yes 
that the electricity from these three sources possesses some tension 
has been proved by the charge imparted to a Leyden jar from a voltaic 
battery, and by other indications of the presence of that quality in 
feeble i pry both in thermo- and magneto-electrical currents, as for 


multiplier or coil, inductive power of the current from a single 
pair of plates may be made manifest, especially by the physiological 
action called the electrical shock, which thus modified cannot be dis- 
ingui from that obtained from a charged Leyden jar. . 
e must also glance at another source of electricity namely vitality, 
Are we yet warranted in assigning this as another effect of the same 
agent? This question cannot be answered ; all we as yet know is, that 
animal electricity as exerted at volition by the Gymnotus, Torpedo, 
and perhaps other animals, is capable of producing induction, and 
therefore attraction, heat, light, chemical action, and magnetism, and 
the perieceen action on living bodies, identically in the same manner 
as the icity from inorganic sources. [ELEOTRICIrY OF ORGANIC 
Bernes, in Nar. Hist. Dry. 

In comparing the discharge of the galvanic battery with that of the 
common electrical machine, we may remark that the current is a con- 
tinuous succession of discharges of electricity generated and maintained 
by the contact and chemical action of the materials of the battery, and 
ike the discharge of the electrical machine it may be classed under 
three heads, namely, the discharge by conduction, as when the circuit 
is completed by a good solid conductor ; by disruption, when a luminous 
appearance is seen through a short interval of non-conducting matter ; 
and thirdly by convection, which takes place in liquids, and is accom- 
panied by chemical action, and the transfer of particles of the 
conductor. 

When electricity, however produced, is in motion, all the particles 
of the conductor are concerned, in conveying the force, and not the 
surface merely, as in static electricity. [Ennorricrry.] In such a case 
induction takes place between one transverse section of the conductor 
and other sections just before and behind it, while a small but sensible 
portion of the inductign is directed to surrounding objects. If the 
thickness of the conductor be reduced the particles have to transmit a 
larger portion of the force, and the result is a considerable elevation in 
temperature, sufficient to iguite and even fuse the wire, a circumstance 
taken advantage of in firing the charge of gunpowder used in blasting. 
Metals degenerate in conducting power by elevation of temperature, as 
may be well shown by raising a platinum wire to a dull red heat, 
by sending a voltaic current through it, and heating a portion of the 
wire by means of the flame of a spirit-lamp; the temperature of the 
other part of the wire will decline, and the wire cease to be visible, in 
consequence of the increased resistance offered to the current by that 
part of the wire which is in the flame. A contrary effect is produced 
by cooling a portion of the wire in water, the reduced temperature at 
one point allowing more electricity to pass, as is manifest by the light 
given off by the wire, which may even fuse and disappear in globules, 

We have stated under Gatyanometer the method adopted for ascer- 
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taining the conducting power of metals for electricity. The following | enduring irritation. Atonic are rendered harder, should they 
table shows the ucting of wires of the same length and not become inflamed the — ve Swe xah gee ae Sno by = 


diameter, by which it will be seen that these powers vary with the 
temperature, the effect of a moderate rise of temperature in reducing 
the conducting power being considerable ;— 


Silver at 32° Fabr., 


Metals, At 32° Fohr, being equal to 100°, At 212° Fahr, 
Silver. . . 100000 71-316 100-000 | 
Copper... O1°517 64-919 91-030 
Gold . . Sw 64960 48°489 67-992 
Cadmium . 24579 17-506 24°547 
Zino. 5. 24068 17°596 24-673 
Tm. - 14014 8°657 12139 
Iron . *. « 12°350 8°387 11-760 
ae st eas. Sal? 5-761 8-078 
Platinum = ._ 7-933 6-688 9°378 
Mercury . 1°738 1575 2208 = 


When equal amounts of electricity traverse similar wires of different 
metal in equal times thé rise of temperature in the wire is inversely 
proportioned to its conducting power, so that the better the conductor, 
the smaller is the quantity of heat emitted by it. A compound wire 
formed of equal alternate portions of silver and platinum will transmit 
a current so as to heat the ve links to visible redness, while the 
silver from its superior con rse | — will not Sbroneh s plea 

If a Leyden jar or battery be repea' discharged a platinum 
wire too thick to be fused by it, the wire will become shortened as if 
it had been acted on by a force transverse to its length. A similar 
effect takes place with voltaic electricity. If a inum wire be 
arranged in a porcelain trough, so that when fused it shall retain its 
position as a wire, and a strong current be sent through it, it will snap 
asunder when near the point of fusion, thus showing a contraction in 
length, while if a similar experiment be ‘ormed with lead wire, it 
will gather up in nodules which en on each other as if from 
longitudinal compression. It has also been noticed that telegraph 
wires which have been long in use become brittle, and it has been 
ascertained that while a wire is transmitting the electric current there 
is a temporary diminution in the co-efficient of elasticity independent 
of the heating effect of the current. } 

Liquids are greatly inferior to solids in conducting ‘power, so much 
so that itis difficult to compare them. According to M. Pouillet, a 
platinum wire conducts 2,500,000 times better than a saturated solution 
of sulphate of copper. In many liquids the conducting power rapid, 
increases with the temperature, a result contrary to that obtained wi 
solids. Gases are almost perfect insulators of the voltaic current. 

With respect to the disruptive discharge, we have an instance of it 
in the fusion and dispersion in vapour of the conducting wire, when 
not of sufficient capacity to convey the current. By rarefying the air 
between the ends of the terminal wires, the space Wactigh which the 
discharge will take place may be increased. In the large battery of 
2000 pairs at the Royal Institution, Davy obtained an are of flame 
between charcoal points, 4 inches in len; Tn such cases there is a 
transfer of solid icles from one pole to the other which increases 
the effect. A cavity is produced in the piece of charcoal attached to 
the last platinum or copper plate of the battery, and a mammelated 
deposit is formed on the charcoal connected with the last zinc plate. 
Even the densest metals, such as platinum and iridium, are erred 
from one pole to the other. 

The discharge by convection introduces us to the beautiful and 
a. branch of science, Execrro-Cuemistry, to which we refer, 

IALVAN ISM, in its action on the human system, resembles elec- 
tricity, yet it is distinguished by certain peculiarities, In its applica- 
tion it can be rendered more continuous and uniform, and may, like 
electricity, be administered either in shocks, or in a regular flow of 
galvanic influence through the body. It possesses more power over 
the chemical actions of the body than electricity, and promotes more 
completely those processes of decomposition and recomposition which 
take place in the living frame, as well as the functions of organic life, 
than common electricity. But the chief distinction consists in the 
difference of action of the two poles, Each pole excites peculiar phe- 
nomena in the organs to which it is appli This difference is less 
perceptible when mere shocks are administered, than when a con- 
tinuous stream of 
another of the ly. The positive 
the muscular and vascular system, while the negative pole more 
cially affects the nervous system, At the pidiive pole there is felt 
the shock, strong movements, a feeling of concentration and contrac. 
tion, increased warmth and mobility of the part, with gradual dimi- 
nution of the secretion and sensibility. At the negative pole the pain 
and agent f are stronger and more acute, the organ expands, is more 
irritable, while the muscular action and mobility are lessened. The 
difference of their action on the secreting powers is best seen by apply- 
ing the respective poles to a surface which has been recently eprived 
of its cuticle, such as where a blister has been. The tive pole 

the serous secretion into that of lymph, which at last becomes 
thready ; the part dries and is inflamed. The ni ive pole causes an 
abundant secretion of a dark-coloured, highly acrid fluid, which ex- 
coriates the skin over which it flows; the part also experiences an 


le more particularly influences 


vanic influence is transmitted frum one point to | po' 


negative pole they are 
possession of such pow properties, 
valuable results in medicine as might 


com 
of appl. it. As the diseases in which it has been recommended are 
oni : ey > agen _ 

oF], it is not necessary to 

ever, to remark, that pts ore 

lence of the Asiatic cholera, but 
Like many other powerful agents, it was not used till a very 
in the complaint, when was i i 
be doubted whether galvanism 


at all appli fo cholo aa 
ap) that the ued ication of it causes death, by 
‘tamctiaiien 08 the tehapes cases of animals where the eighth 


of nerves have been divided, more speedily than where the same nerves 


have been divided in animals to which the galvanic power was not 


applied as a substitute for the nervous. Inflammation is the 


consequence of the application of the positive pole; while the ) 
pole would canee’ fitw of solid aetniaitn whieh osal aGh the 


ity, whether common or galvanic, 
Sith the ciurvous power, Iniavadhs 0 i tenon 
Delarive’s ‘Electricity ;’ and the controversy between 

and ides, in * Medical Gazettes’ vol. xvi. 


to which the poles re Revie’ Sent ee 
where a slight effect is wished, wii in water; but when more 


structed for the p of detecting the presence of feeble electro- 


chemical currents. e nerves and muscles of newly killed were 
at first used; but the di of electro-magnetism has furnished a 


ing to the direction of the current. [Etzctro-Macnetis.] 
The action of terrestrial magnetism tending to restore the needle, 
after its d ent by the current, to its original position, is 
almost entirely corrected by employing two similar needles supported 
parallel to other by a af toeeprelicas lie pree he oe 
placed with the poles of one in an inverse ion to those of the 
other. _A pair of needles thus arranged forms what is termed an astatic 


combination, (from agraros, indifferent.) The needles are 
suspended by means of a thread of untwisted silk or a filament 
in such a way that the lower needle shall be within a coil of 
wire covered with silk or cotton, and making several hundred con 
tions, In such an arrangement the needle which is 
will be acted on by the upper wires only, the 
sufficiently near to produce any effect : and this action 
their action on the lower n with its 
effect of a feeble current is —. in 
usually inclosed within a glass case, and there is 
the point of suspension for raising o: i 
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lowering the silk, so that 
deg upon the ‘ampasting bes Over Ais oul, below 

upon the suspen e Ww 
new abet of copper, graduated wo ast L 
deviation of the needles, are also binding screws for connecting 
the ends of the coil with the wires which transmit the current, 
There are also levelling screws and a lever for placing the 
parallel: jth J$bie (nities ‘no “nn ‘ho analas Shen -ccesallel 
zero of the graduated circle. Thus the plenoeay only indi- 
cates the presence of voltaic action, estimates its amount. 
When the needle does not deviate more than 15° of 20° the 


Fee 
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m 10° to 15°; bur as the 
deviation in each case is definite for the same instrument the measure- 
ments may be so far relied on. 

Pear Wier oa Aang suo chasoter eorrommll NS’ atotlen, 
rs) wires of eq ani © 03, 
Sonning two independent circuits, and having four terminations instead 
of two, This instrument was used for the conducting 
power of the different metals for electricity which varies nearly in the 
same order as their power of conducting heat. Now it is evident that 
if two equal currents were sent in opposite directions through the two 
coils of the above instrument they would neutralise each other in 
their action on the needle which would remain undeflected ; but if one 
current were stronger than the other there would be a correspo 
deviation of the needle. In using the instrument a small voltaic 
battery was connected with it, with two wires from each pole so as to 
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divide the current into two equal portions, one of which was trans- 
mitted through one of the coils, and the other through the second 
coil in an ite direction. When wires of different metals were 
introduced into the two circuits, a wire of inferior conducting power 
would show a diminution in the current and a rn, of aod needle, 
but equilibrium was restored by varying the of one of the wires, 
and by comparing the lenge of the wires thus introduced their 
relative conducting powers were arrived at. With this instrument, 
assisted by Wheatstone’s rheostat, the conducting powers of a number 
of wires of different metals were accurately ascertained. 

There are various Ses cttents wetter ee ere amet 
directing, or reversing the voltaic current. me writers do not 
content themselves with so simple a word as Galvanometer ; but use 
other and more recondite terms, and often so copiously that scientific 
nomenclature, like diplomatic speech, seems to be intended pour cacher 
la pensée. For example, an apparatus used for generating a voltaic 
current is no longer called a battery, but a Rheo-motor, from féw to flow, 
and moveo to move, while the wire which conveys the current is called 
the r , from péw and dopew to bear. The whole circuit is also 
called rheophoric circuit, while the instrument which detects the 
existence of an electrical current is called, instead of a galvanoscope a 
rheoscope, from pew and ckorew to see. If used for measuring the 
current it is not called a gal eter but a rh ter. The little 
instrument used for reversing the currents is called a rheotrope 
(tperw to turn); that for periodically interrupting the current is a 
rheotome (reuvo.to cut off); while that for maintaining the current at 
any degree of force is a rheostat (craw to stand or remain). The 
reader will find these instruments described in Harris's ‘Rudimentary 
Treatise on Galvanism,’ 1856. 


GAMBIR. ‘annic Actp.] 
GAMBIT. [Cuess.] 
GAME-LAWS were the remnant of the ancient forest-laws, under 


which the killing one of the king’s deer was equally with mur- 
dering one of his subjects; or, as Sir W. Blackstone somewhat quaintly 
it, “from this root has sprung a bastard slip, known by the 
name of the game-law, now arrived to and wantoning in its highest 
vigour, both founded upon the same unreasonable notion of permanent 
property in wild creatures, and both productive of the same tyranny to 
the commons; but with this agree Carats pa Sepang hte a: 
blished one mighty hunter throughout the land, the game-laws 
have tin a little Nimrod in every. manor.” . Some ‘portion of the 
i of the game-laws in England will be found under Forrst Laws, 
'ARREN, FREE. : ..., : : 
taggers hibited all persone “qualified by birth RSs tone 
; ited all. not duly quali birth or ™m 
filling any. such prohibited creatures, or even from having them in 
their possession as articles 6f food, and inflicted severe punishments 
and penalties upon the offenders against their provisions. 

By the last general statute on the subject (2 Wm. IV. c, 32), game is 
declared to include hares, pheasants, partridges, grouse, heath or moor 
game, black game, and bustards. Snipe, quail, landrail, woodcocks, and 
conies are not game, . .....’ 


B 


By 22 & 23 Car. Il. c. 25, the qualification was limited to 
who had an estate of inheritance of 100/. per annum or an 
estate for term of life or 99 years, or upwards, of 150/. annual value, 
On this Blackstone remarks, there was “fifty times the property 
required to enable a man to kill a partridge as to vote for a knight of 
ire.” Qualifications were also of a personal nature, as being the 

and heir-apparent of an esquire. Persons who had not these quali- 
fications were not allowed to have or keep game-dogs. After repeated 
discussions in and out of Parliament, by the statute 1 & 2 Wm. IV. 
c. 32, the necessity of any qualification for the killing of game was 


and the right was made to depend simply on the payment of 
pa tax, calle game certificate. 


Certificates were first required to be taken out by persons qualified 
to kill here es act 25 Geo. III. c. 50. The certificate itself, which 
costs 3/, 13s. 6d., must be taken out annually, and it expires in July. 
A sportsman who refuses to show his certificate when demanded by 
collectors of taxes, gamekeepers, landlords, occupiers, and lessees, is 
toa peal of 20/.. Uncertified persons who kill or, take any 
or who use any dog, gun, &c., for the purpose of searching for, 
or killing, or taking game, are liable, on conviction before two justices, 
toa penalty not exceeding 51. for each offence, with additional penalties 
under the Certificate Act of 231. 13s. 6d. . Certificates are required not 
— persons to kill game, but also woodcocks, snipes, quails, 

ails, or conies (except by the proprietors of warrens or of any 
eons. whatever, or by the tenant of any land, either by 
or any person by his direction or command). 

By the statute 11 & 12 Vict. c. 29 (1848), reciting that “it has been 
found that much damage has been and is continually done by hares 
to the produce of inclosed lands, and that great losses have thereby 
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accrued and do accrue to the occupiers of such lands,” power is given 
to persons in the actual occupation of inclosed lands, or the owners, 
who have the right of killing game thereon, to take, kill, and destroy 
hares themselves, or by some person authorised by them in writing, 
without a game certificate. The same statute authorises persons to 
course or hunt hares without a certificate. 

The right which a certificate gives to kill game is subject to a num- 
ber of restrictions. A certificated person is liable to a penalty of 5I., 
with costs, for taking or killing game on Sunday or Christmas-day, and 
to a penalty not exceeding 20s. for each head of game taken or killed 
at the season when the pursuit of each kind of game is prohibited. 
The certificate, of course, does not confer any right to enter on land to 
kill game except where there is a right by ownership or permission so 
to enter. The certificated person is still subject to the general law of 
trespass for going upon another person’s land. 

The right to the game is vested, by 1 & 2 Wm. IV.c. 82, in the tenant 
in all cases where it is not reserved to the landlord in his agreement 
with the tenant; but the game is generally coveted by the landlord, and 
few tenants are ina situation to oppose their landlord. The consequence 
is that the game is reserved by the landlord when he lets his land ; and 
when this is the case, the occupier can neither kill game nor give per- 
mission to another person to do so, and he is liable, under 1 & 2 Wm. IV. 
c, 32, to a penalty of 20s., with costs, for every head of game killed by 
him or other persons authorised by him. . When the landlord reserves 
the game, he may not only himself kill it on the tenant’s land, but he 
may authorise any certificated person to enter on the land and kill it. 
The person who has the right of killing the game, or the occupier of 
the land; or gamekeepers, or any person authorised by either of them, 
may require a person found trespassing in pursuit of game to quit the 
land, and to give his name and place of abode; and in case of refusal, 
the trespasser may be taken instantly before a magistrate, who may 

‘fine him 5/.; but if not brought before a magistrate within twelve 
hours, proceedings must be taken by summons or warrant. - If five or 
more persons together trespass in pursuit of game, and any.one of 
them be armed with a gun, and if threats or violence are used to pre- 
vent any authorised person fyom approaching them for the purpose of 
requiring them to quit the land, or to tell their names and abodes, 
every person so offending is liable to a penalty not exceeding 5/., in 
addition to any other penalty, with costs. |. * 

_. The law is very severe against persons not authorised, who take or 
destroy game by night. By 1 & 2 Will. IV: c: 32, “ day-time” is to be 
deemed from one hour before sun-rise to one hour after sun-set. The 
9 Geo. IV. c. 69, enacts, that if any person by night shall take or kill 
game or rabbits on any land, or shall enter therein with gun, net, 
engine, or other instrument, for the purpose, he shall, on conviction 
before two justices, be committed to hard labour in the house of cor- 
rection for a term not exceeding three months, and, at the expiration 
of that period, find securities for twelve months, himself in 10/. and 
two others in 5/. each, or one security in 10/.. In case of not finding 
sureties (and it is not a likely case that night-poachers should be able 
to find them),.the offender may be further imprisoned six months. 
For a second offence the term of imprisonment is extended to six 
months, the sureties are doubled, and required for a period of two 
years. If the offender cannot find sureties, he may be further im- 
prisoned for twelye months. The third offence was punishable with 
transportation for seven years, now penal servitude, or imprisonment 
with hard labour in the house of correction for a term not exceeding 
two years. Offenders under this act may be apprehended on the spot 
by owners and occupiers of land, their servants and assistants ; and if 
they assault or offer violence with gun, club, stick, or otherwise, the: 
are liable to penal servitude for seven years, or to be imprisoned with 
hard labour for two years. The punishment for night-poaching is still 
more severe when three or more persons enter any land for the purpose 
of taking or destroying game or rabbits, armed with a gun, bludgeon, 
or other offensive weapon (and sticks and stones may be offensive 

-weapons) and they are subject to penal servitude for a period not ex- 
ceeding fourteen years, or to imprisonment with hard labour for not 
exceeding three years. In 1844 an act was passed (7 & 8 Vict. c. 29) 
which extended the provisions of 9 Geo, IV. c. 69, against night- 
poaching to persons abe take or kill game or rabbits upon public roads 
or highways, and, other roads and paths leading to enclosed gates, 
and also at the gates, outlets, and openings between sueh lands and 
roads or paths. “ 

. By s. 36 of 1 &2 Wm. IV. c. 82, it is enacted, that if any unauthorised 
rson be found by day or night on any land in search of game, and 
fate in his possession any game which “ appears to have been recently 
killed,” any authorised persons, as gamekeepers, occupiers, or others 
who have the right of killing the game, may demand such game and 
seize it if not immediately delivered. 
_A penalty not exceeding 10l. is incurred for laying poison with 

intent to destroy game (1 & 2 Wm. IV. ec. 32). 

If any person who is not authorised to kill game himself, or 
who has not permission from a person who has such right, shall take 
out of the nest or destroy the eggs of any bird of game, or of any 
swan, wild duck, teal, or widgeon, or shall knowingly have in ‘his pos- 
sesion any such eggs so taken, he shall be liable on conviction to a 
penalty not exceeding 5s., with costs, for each egg (1 & 2 Wm. IV. 


c, 32, § 24). 
T 
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mitted in the uninclosed part of a forest, chace, &c., the Lager | 
ence, 


provers respecting game which exist 


by 22 & 23 Car. IT. c. 25. Before the act 1 & 4 We 1Ye eee | 


é within 
depte any person to be a gamekeeper to a manor, with authority to | 


The preservation of game is an Sd ped of constant solicitude to nearly 
gen' : P 
suit of game is not only followed for the sport which it affords, but 
because ideas derived from the feudal times still attach a social dis- 
tinction to the right of killing birds and beasts of game. Although a 
property qualification has been abolished, the privilege is still suffi- 
ciently restricted to confer upon those who enjoy it a petty importance. 
Within the last century game has been preserved to an excess which 
was previously unknown. Most of the laws relating to game which 
have been passed within this period have been made to enable game- 
preservers to indulge in this taste, and to visit with greater severity 
those who are tempted by the abundance of game to become poachers. 
The accumulation of game in preserves, watched and guarded by 
numerous keepers, has led to changes in the modes of sporting. The 
sportsman of the old school was contented with a little spoil, but found 
enjoyment in healthful recreation and exercise, and was aided by the 
sagacity of his dogs. In the modern system of battue-shooting, the 
woods and plantations are beaten by men and boys; attendants load 
the sportsman’s guns, and the game is driven within reach of gun-shot, 
and many hundred heads of game are slaughtered in a few hours. The 
true sportsman would as soon think of spoilinga poultry-yard. Battue- 
shooting is the end of excessive e-preserving ; and in this so-called 
pe ahercagpane . the royal fami: Ny gene of ee and many y ee 
aris , eagerly participate. an ordinary ‘) rt of thi 
description, seven or eight hundred head of ipo ay Bo killed by 
three or fovr sportsmen in about four hours, and perhaps fifty or sixty 
wounded may be picked up on the following day. A couple of 
—— may kill nine hundred hares in one day. On a great field- 
, when the sportsmen are more numerous, the slaughter is immense, 
Whole waggon-loads of hares are sent off to the London and other 
erent erty he sale, as the a4 of one day’s sport. 
effect of protecting game by oppressive laws is, haps, more 
injurious to the morals of the rural ulation than oe single 
cause. With a densely crowded population, thousands of whom are 
often pressed by hunger, and frequently in a state of the most lament- 
able poverty, the temptation to kill game is irresistible. It swarms 
before the labourer as he returns home in the evening from his long 
day of hard toil. He does not ise property in game. No man 
can claim an individual hare or partridge like an ox or a sheep, The 
latter must be fed at the expense of their owners; but game is fed 
no one in particular. This man, then, who probably would not, for 
his poverty, violate the laws of property in the case of poultry, and 
who recognises no greater right of property in a idge than ina 
sparrow, sets a snare in the haunts frequented game near his 
cottage, and is pounced upon by the keeper. When he comes out 
of the jail, the farmers dare not employ him, lest they should 
offend the game-preservers their landlords. @ justice and the rural 
mpiice look upon the jail-bird with suspicion; and only at the beer- 
op, with men of his own stamp and character, does he feel at home. 
It ia hardly necessary to sk his further In nine cases 


aggregate 
Many landowners in their enthusiasm respecting 
ensure its preservation which none but tenants in a wretched state of 
dependence would submit to. The tenant is not allowed to Se 
pro- 


game take means to 


ication of his own ca to it 
game 
futile “Al accopeives, 


lag Pa ater a® aga 


the landlord ts the 
e lord pocke' pace f 


The effect wo 


and thus two 
game after it has been 


Sibbie ios d partridges. On 
rabbits, pheasants, an: i 
the gute te strictly preserved, but not excessively, the loss caused 
perbape le 6d each, and pooketa 75. ‘This ia shortsighted enough, 
1s. 6d. , an ets i i, 
aula gh, the bad moral effect of the practice. The operations of 
the poacher, if he escape detection, are in one sense beneficial to the 
tenant-farmer, for the destruction of the game adds to the farmer's 
profit; but if the poacher be convicted and sent ee 4 then the 
support of the man and his family adds to the loss w game 


Many of the reservations and covenants in leases in relation to game 
are fit only for the copyholders of a manor four or five centuries 
There are many farms on which the tenants are forbidden either to 
how wheat or Ouill Cubhipe Mowing costs less than reaping, and 
tenant has besides the advantage of an extra quantity of straw 
Se Gee ad cho ence ake bitte cult bok ba eoned 

e partridges, and there’ e e must n 
other ete which cuts lower than twelve 

 eveneeas 
but though it gives a much greater it roots p 
encourages the birds to run, and spoils sport. 1 
game is preserved with great strictness, a farmer is not allowed 
a goumln cy Logttene aa eete eee ee Se eee 
TO 7 islation cannot ye any improvemen' 
stabe ot tht It arises from the dependent condition of the 
majority of the tenant-farmers ; and if a law were which ¢ 
them the right to kill the game on their lands, it would be of no 
advantage to them, The gamekeepers and other retainers of the great 


game-preservers are spies on the tenant, and se cr tea 
0 


and 

a for farms he dare not contravene the ; is 
landlord. Public opinion may and does produce some effect 
the landlord’s exercise of his power, but this is confined to 


cases. J 
The administration of the game-laws in England is in the hands of 
persons who are either rest ea wd themselves, or who, generally. 
speaking, are not unfavourable to the system, and hence the rigour 
with which offences against the law are visited. Before the act 1 & 2 
Wm. IV. c. 82 was ies for infractions of the game-laws 
could be recovered before one justice; but now conviction can 
take place before two justices, and an appeal lies to the quart 
sessions, but a certiorari is not allowed. : 
The number of certificates taken out annually to kill game is about 
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turnips is now an essential operation in all 
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an 
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$0,000 in Great Britain, and the number of licences to sell game 


about 800, 

Tn other countries, as well as ab pom ep toet) have been an 
cage = of oppression. In sb nge On 1 ooh pbeter re 
were edicts for preserving whi “an weeding a1 
hoeing, lest the young partridge sould be bed ; et te 
lest it should injure the game; mani with night-soil, lest 
flavour of the partridges should be inj by feeding on the corn 
produced ; gh hay, &c. bere vce eget 5, as to. 
many cro} taking away the stubble which woul 
birds of shelter.” (‘Arthur Young’s Travels in France in 1787-88-89.) 
pM pegs the manorial courts rendered it hopeless to 
from this oppressive The Constituent Assembly abolished 
this exclusive “droit de la chasse” which the seigneurs arrogated to 
themselves, A stringent game-law has neverthéless been since enacted 


out of ten, it is from bad to worse; arid this because for objects of | in Fran 


selfish gratification men have given to a bird or beast of little worth 


in itself an arbi value, and protected it tory regulations 
stricter thin are applied to eo) other things i are reocehiaall as 
objects of property by all matikind. 


Jails require to be enlarged; and as poaching leads to other crimes, 


a more extensive police is required for the protection of property. 


countries and among all ; Jarly the rich and 
those who have no regular ion, But a passion for gaming is 
not confined to the tations called civilised : rever men have mui 
leisure time and no pursuit Whicli Will Occupy the mind and 
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it to active exertion, the excitement of gaming, which is nothing more 
than the mixed pleasure and pain arising from the alternations of hope 
and fear, success and failure, is a necessity which all men feel, though 
in different degrees according to the difference of temperament. The 
Germans, says Tacitus, stake their own persons, and the loser will go 
into voluntary slavery, and suffer himself to be bound and sold, though 
stronger than his antagonist ; and many savage nations at the present 


notoriously to 
TP peming (alea) among the Rodiand wi played with dice. The 
earliest enactment against it is referred to by Plautus and Cicero; but 


it is not certain what the penalty was. Under the later republic and 
Simepttable”” The Lttle that is Known of the penalties againat gaming 
. The li t wn oO i i i 
is contained in the Digest (11, tit. 5) and the code of Justinian (iii. 
tit. 43). een ceeee lt 98 TP aay ene Seteee fees pee ences: 
Beet of gaming ing under disabilities. If a man lent his for gaming, 
and, while the gaming was going on there, was beaten or had i 
stolen from his house, the pretor refused him all remedy. A senatus- 
consultum, the name and time of which are not mentioned, prohibited 
all playing for money, except the stake was made upon the five athletic 
exercises enumerated, and, as we must infer, by the persons who joined 
in the exercises. If a slave, or a son in the power of his father, lost 
at gaming, the father or owner of the slave might recover it. 
won money, there might be an action for it against the 
master; but the demand against the master could not exceed the 
amount of the slave's ium ,—that is, the property which the slave 
ing to Roman custom, with the permission of 


sors (in 


emerson’ Spee sree years and confined in a monastery. 
rg * 128, c. 10.) 


In ming was very early the subject of penal enactments, 
pai ile legislati ¥. measures may be, we need only 
mention, and we do so without fear of contradiction, that there are, or 


at least were, until , more of those infamous places of resort, 
1 denominated “hells” in London, than in any other city 
in the The handsome gas lamp and the green or red baize 


door at the end of the passage (as well known a sign as the Golden 
Cross or a Eagle) were recently conspicuous objects in the 
vicinity of St. James's, and of St. George’s, Hanover Square. 

It appears that the playing at cards, dice, &c., was not punishable at 
common law; and an action might be maintained at law for mon 
won at play; for the contract was not void in itself, and the winner's 
is money was a sufficient consideration to entitle him to 


if a person was guilty of cheating, as by Playing with false dice, 
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every person haunting and using the said houses, 
forfeit 6s. 8d. 


+ 
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who won any sum of money by 
forfeit treble the value won. Under 
9 Vict. c. 109, re the statute of Henry VIII. so 
prohibition of games of skill therein mentioned, 
with the statutes of Charles II., and Anne, and several 
at play is punished as obtaining money under false 
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or more persons, in the whole the 
the same or any part thereof, might 
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ng several old statutes, altered 
to securities given for transactions. It enacts 
in case any shall make, draw, or execute, any note, bill, or 
mortgage for a gaming.debt, and shall sofagihy wey fo any indorsee, 


fy 
i 


holder, or assignee of such note, bill, or m 
shall be 


secured or any part thereof, such mone 
account of the person to whom 
originally given (upon the illegal consideration) 


to be a debt due from such last-mentioned person to the person who 
shall so have paid such money, and shall be recoverable by action at 
law in any court of record. 

The acts 8 & 9 Vict. c. 109, and 17 & 18 Vict. c. 38, greatly facilitate 
proceedings against any common gaming-house. The first mentioned 
statute enacts that in default of other evidence it shall be sufficient 
to prove that a house or pice is kept or used for playing therein at 
any unlawful game, and that a bank is kept there by one or more of 
the players exclusively of the others, or that the chances of any game 
played therein are not alike favourable to all the players, including 
among the players the banker or other person by whom the game is 
managed, or against whom the other alserd stake, play, or bet; and 
every such house or place shall be deemed a common gaming-house. 
It is not necessary under this act to prove that any person found 
playing at any game was playing for any money, wager, or stake. The 
act dispenses with the necessity of obtaining the allegation of two 
householders that any house is a common ing-house ; and empowers 
justices of the peace in places beyond the metropolitan police district, 
to authorise constables, and commissioners of police, within such dis- 
trict, to authorise superintendents by a written order to enter any 
suspected house or room with constables, and, if n , to use 
force for the purpose of effecting such entry, whether bby bredkiog open 
doors or otherwise, and to take into ly all persons who shall be 
found therein, and to seize and destroy all tables and instruments of 
gaming found in such house or premises, and also to seize all money 
and securities for money found therein, If any cards, dice, balls, 
counters, tables, or other instruments of gaming used in playing any 
unlawful game be found in any house or room which the police have 
entered as a suspected gaming-house, or about the person of any of 
those who shall be found therein, it is evidence, until the contrary be 
made to a) , that such house or room is used as a common gaming- 
house, that the persons found in the room where such instruments 
of gaming shall have been found, were playing therein, although no 
playing was actually going on in the presence of those who made the 
a Before this act was passed, persons found in a gaming-house 

not be searched ; and proof of play was necessary before entry. 
Notwithstanding this act, the keepers of gaming-houses contrived by 
fortifying the entrances, and by other means, to keep out the officers 
of justice until the instruments of gaming were removed or destroyed, 
so that no sufficient evidence could be obtained to convict the offenders. 
To render the law more efficient in this and other respects, the act 
17 & 18 Vict. c. 38, was passed (1854), by which penalties and im- 
prisonment was imposed on persons obstructing the duty of constables, 
and obstructing their entry made evidence of the house being a coramon 
gaming-house. Persons who have been concerned in unlawful gaming 
and who give evidence on the trial of any owner or keeper or person 
who has the management of a common gaming-house, may obtain 
a certificate from the magistrate or judge of the court, which frees 
them from all criminal prosecutions, ities, &e. 

The punishment which may be inflicted on gaming-house keepers 
is, a penalty not exceeding 500/., or imprisonment with or without 
hard labour for a term not exceeding twelve months. 

By 8 & 9 Vict. c. 109, public billiard and bagatelle boards are not to 
be kept without a li ,and the pl where they are kept may be 
visited at any time by constables and officers of police; and such places 
are to be closed entirely on Sundays, and on other days at midnight, 
except Saturday, when the hour of closing is fixed at eleven o’clock. 

Gambling is nevertheless carried on in the metropolis at those places 
where billiard-tables are kept, at public-houses, and also at cigar-shops. 
The evidence taken before the select committees on gaming in 1844, 
contains a mass of information on the subject of gaming and gambling 
both in London and elsewhere. 

In England, before the passing of 8 & 9 Vict. c. 109, the law con- 
sidered wagers in general as legal contracts, and the winner of a wager 
could enforce his claim in a court of law. The exceptions to this rule 
were, where the wager was an incitement to a breach of the peace or 
to immorality; where it affected the feelings or interests of third 
persons, or exposed them to ridicule or inconvenience ; or where it was 
against sound policy or prohibited by statutory enactment. In cases 
not comprehended within the above exceptions, the judges frequently 
refused to try actions respecting wagers, when they considered the 
matter to be of a frivolous or of an improper nature. 

In Scotland the courts followed an opposite rule to that which 
prevailed in England, They held that “they were instituted to try 
adverse rights, and not to determine silly or impertinent doubts or 
inquiries of persons not interested in the matters in question;” and 
they decided ‘‘ that their proper functions are to enforce the rights of 
ee aoag, ont of serious transactions, and not to pay regard to 

jponsiones ludicre.” 


The provisions of the statute of Anne, so far as they applied to bets 


| exceeding 10/., was so much a dead letter, that its existence appears to 


have been almost forgotten, until in 1843 a number of actions were 
brought by common informers against several noblemen and gentlemen 
who Thad violated the law by betting sums of more than 10/. on horse- 
races. A bill was brought in for the relief of these persons, and was 
rapidly passed through its several stages. Select committees were 


was appointed in both Houses of Parliament to inquire into the laws 


respecting gaming, and another act (7 Vict. c. 7) was passed to indemnify 
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Witnesses implicated in gaming transactions who should give evidence 
before these committees. 

The committee of the House of Commons, in 1844, on gaming, recom- 
mended that “ wagering in general should be free and subject to no 
penalty ;" and they also expressed an opinion in fayour of the law 

land being assimilated to that of Scotland. ° 

session of 1845 the act 8 and 9 Vict. c. 109 was passed, which 
enacts “That all contracts or agreements, whether by Tare or in 
writing, by way of gaming or wagering, shall be null void; and 
that no suit be brought or maintained in any court of law or 
equity for recovering any sum of money or valuable doped tt to 
be won upon any wager, or which shall have been t the 
hands of any person to'abide the event on which any wager shall have 
been made: provided always, that this enactment shall not be deemed 
to apply to any subscription or contribution, or agreement to subscribe 
or contribute, for or toward any plate, prize, or sum of money to be 
awarded to the winner or winners of any lawful game, sport, pastime) 
or exercise.” se ; 

The act 8 & 9 Vict. c. 109 repealed those parts of 9 Anne c, 14, and 
18 Geo. IL. c. 34, which rendered it illegal to win or lose any sum 
exceeding 10/. at play"or by betting. ’ - 

By 5 Geo, IV., c. 83; persons ‘betting, &c. in any street or open and 
ponte lace, are punii é summiarily as rogues and vagabonds, 

y 
nuisances, and by several subsequent acts they have been prohibited 
under various petialties,** ~ es eu 

The act 7 Geo. II’ c. 8, which was made perpetual by 10 Geo. II. 
ec. 8, entitled “An Act to prevent the infamous practice of stock- 
jobbing,” is violated: hourly on the London Stock-Exchange by the 
practice of time-bargains. * ° ‘* *. « ° a ee 

The acts 19 Geo. II. c. 37, and 14 Geo III. c. 48, are intended to 
prevent transactions of the nature of gaming or wagering on policies of 
marine and life insurance. , tA Ske 

It was enacted by the 13 Geo. IL. c. 19, that no horse-race should be 
run for any prize of less than 501. in value; and any wager on a horse- 
race made illegal by this statute was illegal also 
was repealed by the 3 & 4 Vict. c. 5. The effect of the repeal of the 
provisions of this statute, and of the 33 Hen. VIII. c. 9, combined with 
the exception in the 8 & 9 Vict. c. 109, was to place all bargains relating 
to horse-racing on the same footing as other contracts. No sooner, 
however, aes: benoit d to horse-racing legalised, Lar? oe great 
number o a Ampere g-houses sprung up, under the name of “ betting- 
offices.” e demoralisation which rae found to be the immediate 
result called for the interference of the legislature, and the stat. 
16 & 17 Vict. c. 119 was accordingly passed, expressly for the sup- 
pression of these haunts of vice. » 

It may be“ observed that, under the Bankrupt Laws, a bankrupt is 
not entitled. to a’ certificate, or the certificate if granted is void, if he 
has lost 20/. in one day, or 200/. in a year, by any sort of gaming or 
wagering. » (Kerr's ‘ Blackstone.’) — ‘ - 

In France, and many other parts of the Continent, the government 
not only allowed, but derived a considerable revenue from games of 
chance. In Paris, the exclusive right of keeping public gaming-houses 
was, until the year 1838, let out to‘one company, who paid an annual 
sum of 6,000,000 francs (about 240,0001.) for the privilege.’ They kept 
six houses, namely, Frascati’s, the Salons, and four in the Palais Royal. 
In a trial in Paris, it came out in the coursé of the evidence, that the 
clear profit for 1837, exclusive of the duty, had been’ 1,900,000 francs 
(76,000.), of which three-fourths was paid to the city of Paris, leaving 
the lessee 19,000/. for his own share.” ‘The average number of players per 
day was stated at 3000, and about 1000 more were refused admittance. 
The games played were chiefly Roulette and Rouge-et-Noir, of which 
the latter is the favourite. it is very seldom that large sums are 
staked at the former, as the chances against the player are considered 
immense by professional men, a class of gentlemen who are gamblers 
by profession. Rouge-et-Noir is played with four packs of cards, and 
the “couleur” which is nearest 81 wins; the black being dealt for 
first, and then the red. All the houses were open from one ‘o'clock in 


the afternoon till one or two after midnight; and latterly till five or | guish 


six in the morning. The 


ighest play, especially at Frascati’s, was 
carried on between three i d 


six in the afternoon.’ Ten or twelve 
thousand franca were constantly lost at a sitting, and once 100,000 
francs, which constituted the “ Banque” of the day, was won a 
French nobleman.’ The actual chance of the table or “ Banque” is 
considered to be 74 per cent. above that of the player, supposing the 
game to be fairly played, as it no doubt was in Paris under the old 
system ; the cards being examined and stamped by the government, 
and there being an agent of the police’ always present’ and ready to 
detect any attempted fraud on the’part of the company. But admitting 
the game to be fairly played, the coolness of the ‘‘ croupiers ” or déalers, 
who had no interest at stake—the whole of the losses or gains being 
taken by the company,—and the large capital of the latter, made it 
absolutely impossible for the player to win in the long run ; nay, it is 
clear that he must lose, and that in proportion to stake, which 
probably is regulated by his means. This we have heard admitted by 
the most constant frequenters of these houses; and nevertheless, 
under the influence of those causes which first lead men to gaming, 
confirmed by habit and example, they still continue to indulge their 


e 10 &'11 William’ IIT. c. 17, lotteries were declared public.| ~ 


; but this provision | ’ 


ae a they are reduced to beggary, which is often followed by 
sui 


That a vice which causes so much wretchedness should not merely 
be permitted and the practice of it superintended by the government, 
but that it should contribute considerably to the public revenue, 
a subject of loud complaint in France; and at last the ministers, 
compli shale temper ila resect os ae a 

anuary, 1 mp apy 


after the Ist of Januar . 
page most Bey 96 Ger y gs is ‘allowed ; and the 
other German 1 : i 


among the lower orders, and you scarcely can find a muleteer, porter, 
he not 


m frequently give a boy a trifle to play with him. ' 
jcalaoe Akay States of A cetiing more dough 
uthern States, the practice of gambling is very common, tl 
restrained, as we believe, in all the States by legislative enactments. 
The following abstracts of the laws relating to in different 
countries were prepared by J. M. Ludlow, Esq., and were laid before 
the Select’ Committee of the House of Commons on gaming, by H. 
Bellenden Ker, Esq. :— on ry 
© By the French law, as it stood before the Revolution, minors alone 
could recover their losses at play; but no winnings could be sued for 
except in the case of warlike sports; when not excessive, games of 


and skill were itted, of mere chance 
The Code Frangais allows an action for money won at games of 


“ , 
vea right 
of a 
creat aad Utbodaled I." Maney lens for gunbling or basting Paes 
event, and concealed it, Money lent for gambling or purposes, 
or to pay gambling or betting debts, cannot be sued for. Goring: 
house keepers are punishuble with fine, professed gamblers } 
banishment ; and if they break the ban, byimprisonment. Occasional 
cheating at play obliges to compensation E groan swindlers 
are punishable as for theft, and banished afterwards. Money won 
from a drunken man, if toa considerable amount, must be returned, 


and a fine paid of equal value. <°' ° | 

in ‘Avstzis no right ‘ot Sésion ts bi viad elthhec bu wile GE Mabe: All 
games of chance are prohibited, ex when licensed the state, 
Cheating at play is punishable with imprisonment, to the 
amount of prs: ee ‘gain. Playing at unlawful games, or allowing 
such to take place in one's house, subjects the party to a heavy fine, 
or in default to imprisonment. iy 


_ The provisions of the Sardinian civil code are similar to those of the 
French, giving an action for money won at games of strength or skill, 


ected to various penalties, © Distinctions are also 
taken as to wagers, which: are only void for fraud or cory he 
the amount of which is liable to be reduced, if excessive. ~ 
money lost at pay proved to have been the property of some other 
person than the player, the true owner may recover it. © ~ . 
Wagers also appear to be lawful in Spain, when not in themselves 
fraudulent or.relating to anything unlawful or immoral. (Johnson's 
* Institutes of the Civil Law of pee p. 242.) 


GAMMUT, in Music, signitice, ; 
diatonic scale, as named ei by the seven first letters of the alphabet, 
or by the syllables used in solmisation, that is, do, re, bef Spe la, 
si, (Draronic Scauz.] And occasionally the term is applied to a single 


at play 


r sense of the word, the 


— 


“ascribed to Guido d’Arezzo, but it now seems nearly 
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note—the @ below the base clef. The word is compounded of the 
name of the third letter in the Greek alphabet, (gamma), the final 
vowel being cut off, with the syllable ut added. In the 11th century 
the ancient scale was extended by the addition of a note’ below that 
sound which*the Greeks called proslambanomenos (that is, super- 
erary), the latter answering to our A, the first space of the base 
staff, the note was called Gamm’-ut,—that is, @ ut, or @ do. - 
The invention of the gammut in its antiquated form is generally 
certain that in 
part, if not wholly, it existed much earlier than his period. It long 
continued in use, and was one of the many stumbling-blocks in the 
1 of musical students. Happily little more than the name remains ; 
it is therefore for us to enter further into the subject. 

GAOL. [Prison; Pznat Servirupe.] 

GAOL DELIVERY. The commission of gaol delivery is directed 
to the justices of assize of each circuit, the serjeants and queen’s 
ing that circuit, the clerk of the assize, and the judges’ 
associate. It is a patent in the nature of a letter from the sovereign, 
constituting them his justices, and commanding them, four, three, or 
two of them, (of which number there must be one at least of the 
judges and others specified) to deliver his gaol at a particular town of 
the prisoners in it; it also informs them that the sheriff is commanded 
to bring the (prisoners ‘and their attachments before them at a day to 
named by the commissioners themselves.‘ Under this commission 

judges may procéed upon any indictment of felony or trespass 
found before other justices against any person in the prison mentioned 
in their commission and’ not ‘determined, in which respect their 
authority differs from that of’ justices of oyer and terminer, who can 
only upon indictment found before themselves, (2 Hale, P. C.) 


Anciently it was the course to issue special writs of gaol delivery for 
each prisoner, but this being found inconvenient and op ive, a 
general commission has long been established in their stead. (4 BL 
*Com.;’ Hawk, P. C.) 

GARANCIN. [Manpenr, colowring matters of.) 

GARDEN. A , a8 distinguished from a farm, is a piece of 
ie i for the cultivation of plants not actually indispensable 

man for food. While corn for flour, various roots and herbs for the 
sustenance of cattle, or tracts of land-on which animals destined 
for slaughter are maintained, constitute the essential features of a farm; 
, even when exclusively occupied by culinary vegetables, is 

ill a source of objects of luxury, not of first necessity. In a more 
extended sense, and as it usually exists at the present day, it is chiefly 
intended to gratify the senses and to minister to the more refined 
“| caer Sant at = gard of th ly ind f 

ofa len is one e most early indications o 
civilisation in man, and it is only among the most brutal and degraded 
races of savages that it is altogether unknown; while we find such an 


to a dwelling increased in magnificence, or diminished and 
with the prosperity or decline of the most mighty states. 

It is Lord Bacon who says that ‘‘ when ages do grow to civility and 

elegancy, men come to build stately sooner than to garden finely, as if 
ing were the greater perfection.” 

4 ing to Sir John Malcolm, the Persians had gardens from the 
of their first king Mahabad. We learn from Xenophon that 
considered them an indispensable appendage of his residences. 

gs er he resides, or whatever place he visits in his dominions, he 

takes care that the paradises shall be filled with all that is beautiful 
useful which the soil can produce.”~ (‘ Cyropad.’ v.)~ And it 
appears upon the testimony of Pliny and other Roman authors, that 
among the same people small gardens existed, in which trees were 
arranged in straight lines and regular figures, the margins of the walks 
being planted’ with tufts of roses, violets, and other odoriferous flowering 
plants, while the trees consisted of kinds grateful for their fragrance, 
as the cypress and the pine, or agreeable for their shade, as the plane 
and the common elm. The Greeks, in their most flourishing times, 
appear to have been equally attached to the formation of gardens, and 
even, in some respects, to the nicer parts of the art of gardening, The 


1 


snow, was lying on the 7 
Theophrastus himself not only 


resort for those who employed their’ leisure in letters and philosophy, 
(Diogen. Laert., v. 53.) The instances of the kings ‘Attalus’ Philometos 
({Arrauus, in Broo. Div.] and Mithridates, who cultivated all sorts of 
poisonous plants in their gardens, are perhaps the earliest upon record 
of such places being occupied for medical purposes. : 

It is not to be that gardens were neglected by the luxurious 
and wealthy Romans, The prodigious gardens of Lucullus, who intro- 


. 


duced the cherry, the peach, and the apricot from the Persians, were 
derided by his Roman friends for their extraordinary sumptuosity. They 
are related to have consisted of immense artificial towers, large sheets 
of water, gigantic edifices jutting into the sea, and mountains raised «+ 
where no hill had existed before. Such an example might be ridiculed 
by some, but was certain to be followed by others whose taste for 
splendour and profusion was supported by unbounded wealth ; and, 
accordingly, the gardens of Sallust, of the ¢mperors Nero and Hadrian 
and of many of their subjects, are doubtless to be classed in the same 
order as those of Lucullus. It is, however, to be remembered, that 
such gardens were rather more similar to an English park and garden 
combined than to a mere garden, in the modern sense of the word, and 
moreover were so uncommon as to be looked upon with wonder by the 
people among whom they were created. A common Roman garden 
must have been a very different place, if we are to take the destription 
given by Virgil (‘ Georgic.,’ iv. 121) as at all a faithful sketch; for 
he speaks of nothing but endive (intyba), cel (apium), melons ? 
(cucumis), narcissi, acanthus, roses, ivy, and myrtles. “ That they had 
various trees bearing fruit, as well as the common wild timber of the 
country, and many different kinds of flowers, must of course be 
admitted ; but that all gardens, up to the most flourishing period of 
the Roman empire, must have been much alike as regards the plants 
they contained, is manifest from the fact that hardly more than seventy 
plants of all descriptions are noticed by this poet, although he wrote 
professedly upon rural affairs. It is true that the Romans carried their 
passion for flowers so far that it became ni to restrain it by 
sumptuary ‘laws, and that cases of extreme profusion in the use of 
them are mentioned by historians, “The institution of Floralia, or 
flower-feasts, the» universal passion for garlands, the reproaches 
addressed: by Cicero to Verres for having made the tour of Sicily 
in a litter, seated on roses and decked with festoons of flowers, are a 
prea oan of bg thegen having been carried to an extent 
unknown at the t day; to say nothing of the prodigality of 
Heliogabalus, or of Cleopatra, the latter of whom is sad bg ‘Athatiadtip < 
to have paid upwards of 200/. (an Egyptian talent) for roses expended 
at one supper. But notwithstanding this, the variety of plants that 
were cultivated in the gardens of both Greeks and Romans must have 
been extremely small. Theophrastus speaks only of roses, gillyflowers, 
violets, narcissi, and iris, as used for decoration, to which the larkspur 
and gladiolus (hyacinthus), with the white lily, and a few others, may 
be added. The great object of their admiration was roses, which were 
forced by plates of tale (said to have been as much as five feet long; 
but it is more probable that these specwaria were sashes five feet long, 
glazed with tale) being a over bushes watered with warm water. 
Pliny, in his ‘ Natural History,’ does not enumerate above 1000 plants 
of all descriptions,—a very small part of which were objects of culti- 
vation. At the fall of the Roman empire the following appear, from 
Mr. Loudon’s statement, to haye been the’ principal garden plants, 
exclusive of common trees and flowers. 1. Culinary plants :—peas, 
beans, vetches, lentils, kidney-beans, gourds, cucumbers, melons, cab- 
bages of many sorts, turnips, carrots, parsnips, beet, skirret, radishes, 
sorrel, asparagus, onion, garlic, and other alliaceous plants, endive, 
lettuce, succory, mustard, and other salads, parsley, celery, orach, 
alexanders, elecampane, fennel, chervil, and some others. 2. /ruits :— 
fig, almond, citron, peach, pomegranate, apricot, plums, and cherries ; 
twenty-two sorts of apples, thirty-six sorts of pears, services, quinces, 
and medlars; many kind of grapes, mulberries, nuts, walnuts, chesnuts, 
stone-pines, or pignons, olives, and carobs. They forced flowers with 
sashes of talc, as'has already been noticed, and also cucumbers; it is 
probable that they extended this practice even to fruits. 

With the fall‘of the Roman empire the art of gardening seems to 
have been lost, and it was not till a long time after that gardens are 
again heard of. * It was among the monks that the arts of cultivation 
were preserved, and in connection with monastic institutions gardens 
again became matter of history. In these religious institutions, which 
were in many respects the only spots where the arts of peace could 
find shelter during ages of rapine and violence, gardens continued to 
be cherished; and although the ignorance of the monks prevented 
their being rendered so useful as they might have been, yet, on the 
other hand, their sacred protection opposed an effectual barrier to the 
wild progress of destruction, ’ 

Among his many reformations, the re-establishment of gardens 
formed of the policy of the emperor Charlemagne, who introduced 
the subject into his capitularies, commanding gardens to be formed 
throughout his dominions, and prescribing the very plants which were 
to be cultivated therein : and considering the state of learning in those 
days, it must be admitted that the list, short as it is, was ‘prepared 
with judgment; for it was made to contain’ the’ most useful 
plants then known for diet or medicine, as well as the favourite orna- 
mental flowers of the'Romans.* The reader of the present day may be 
amused at the list of what was thought’ in “the 8th century deserving 
of an imperial edict, at a time when‘no one had heard of a garden 
except within the walls of a castle or a monastery (Walafridi Strabi 
Hortulus) :— Roses, lilies, fenugreek, costmary (Costus), sage, rue, 
southernwood, melons, gourds (Cucurbite), water melons (Pepones), 
kidney beans, cummin, rosemary, caroway, lentils, squills (?), gladiolus, 
tarragon, cucumbers ( wintida), heliotrope, (Ammi majus, Sium 
angustifolium), lettuce, nigella sativa, rocket (4ruca), nasturtium, dock, 
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alexanders, parsley, celery, savin, fennel, dittany, woodmint, watermint, 
catmint, centaury, beet, marsh mallows, carrot, orach (Adripia), kohl 
Tabi; chives, radishes, onions, madder, beans, chervil, clary, lovage, 
anise, succory, mustard, sayory, mint, tansy, poppy, asarabacca, holly- 
hocks, ? i 2 cab! 2 leeks, rocambole, garlic, teasel, peas, 
euphorbia lathyria ( ), houseleek. From this ing 0! 
Charlemagne the revival of gardens may be said to date, for although 
there are few direct traces of their existence for some centuries, 
yet there is no reason whatever to suppose that they were ever 
again lost sight of. In the 14th century we find Matthwus Sylva- 
ticus, a Mantuan physician, speaking of his own garden, and of a 
Colocasia cultivated in his ouse on the edge of a beautiful 
fountain, and of a plant called Cantalis, supposed to be Athamanta 
cretensis, which he says he brought out of Greece and planted in 
his garden. (‘ Pandect., c, 197, 183.) It was however in Italy 
that the formation of gardens received a fresh impulse. Alfonso 
d@Este, duke of Ferrara, is recorded to have founded several botanic 
gardens in the 16th century, and enpesiels one called Belvedere, 
surrounded by the water of the Po, The example was followed by 
several nobles of Ferrara; John Brasavolo, the uncle of the botanist 
Musa Brasavolo, had a viridarium or greenhouse; another noble, of 
the name of Acciajuoli, had many rare plants in his garden; and the 
collections of this city, augmented annually by the commerce of its 
merchants with Greece and Asia, became so rich in new exotic plants 
as to become celebrated all over Europe. The Ferrara gardens were 
soon rivalled by those of the Venetians and Paduans, one of whom, 
Gaspard de Gabrichis, is said to have spared no expense to enrich his 
garden, not with costly edifices and vast architectural embellishments, 
but with plants before unknown. (Spreng. ‘de R. H.’ iv. c. 3.) The 

and earliest garden however of this era is generally considered 
to have been that founded at Pisa, in 1544, by Cosmo de’ Medici, on 
the banks of the Arno; which by the year 1555 had become so rich in 
plants by the exertions of Lucas Ghini and his successor Cvesalpinus, 
as to have been the admiration of Belon, no mean judge. Haller 
indeed is of opinion that a greenhouse built by the bishép of Acquapen- 
dente dates from the year 1533, but this is at variance with the state- 
ment of Tiraboschi, who fixes the erection in the year 1545. Be this 
as it may, it is at least certain that about this period a public garden 
was formed at-Bologna, others at Lucca, Naples, and Florence; and 
that at Verona one Cesar Niclesola had two large greenhouses in which 
some very rare plants were preserved. (Pona, ‘ It. Bald.’ p. 9.) 

At this time Paris possessed no garden for its university; that of 
Montpellier had, however, been founded by Henri [V., and contained 
before the end of the 16th century upwards of 1300 French, Alpine, 
and Pyrenean plants, according to Olivier de Sevres (‘ Traité d’Agricult.,’ 
1600), and a famous. garden had been created at Mans by Renate 
Bellaye, bishop of that city. In Germany too, the garden of Breslau, 
to which Tragus and Fuchs were attached, of Basel, Strasburg, and 
other places, were at this time in existence, and the since celebrated 
eee at Leyden had been founded in 1577, at the instance of Gerard 

mtius, 

The principal part of these establishments were founded for 
academical purposes; when they were formed for private gratification 
their owners must be considered very much in advance of their times, 
if we are to form an opinion from the state of private gardening in 
this country at the same period. Here the only purpose contem- 
plated in the formation of a garden ap) to have been an en- 
closed place in which the owner might walk in seclusion, or in which 
sport might be had with contrivances like mazes and labyrinths 
formed of close-cut hedges; a few fruit-trees were added; but no 
such object as that entertained by the refined Italians, of collecting 
rare and beautiful plants from foreign countries for pleasure or for 
scientific purposes, was thought of. In the gardens of Nonesuch, 
the palace of Henry VIIL, executed about the year 1540, we hear of 
shady walks, columns and pyramids of marble, “ fountains that spout 
water one round the other like a pyramid, upon which are perched 
small birds that stream water out of their bills,” and of similar 
objects, but nothing. of the more essential part of a garden—its 

lants. Pleasure-grounds of this description had existed in England 

m the titne of the Conqueror. It is stated by Fitzstephen 
that in the time of Henry If. (1154—1189) the citizens of London 
had large and beautiful gardens to their villas. In the reign of 
Edward I. (1272—1307) it may be collected from ‘ Holinshed’s 
Chronicle,’ that the cultivation of the garden was extended to the 
more curious and delicate productions; but the wars of York and 
Lancaster destroyed all these occupations, and ens in general 
ceased to be more than pleasure-grounds or kitchen-gardens of the 
rudest kind till the time of Elizabeth. King James I. of Scotland 
describes the garden at Windsor Castle, where he was confined by 
Henry V., as a place set thick with trees, and alleys of hawthorn 
hedges, with an arbour in each corner,— ‘ 


“ And myddis every herbore might be sene 
The scharp green swete jenepere.”—The Quair. 


Much later (1512) the great Earl of Northumberland, whose house- 
hold consisted of 160 persons, had but one gardener, who attended 
hourly in the garden “ for setting of erbis and clipping of knottis, and 
sweeping the said garden clean.” Nay, it should seem as if sometimes 


there was not even one; for among the workmen of the household is 
mentioned the gardener of the place where my lord lyeth, if there be one, 
Loudon.) 

} In these remarks all reference is omitted to the gardens of the 
Arabs; about which almost nothing is known, but which seem to 
have been more deserving historical record than those of other con- 
temporary nations. That this people in the height of their power 


id_ great attention to botany, is well known to those who are 
Eernlliar with that bolence. learned work on rural affairs wai 
written in the 12th century by Abu Zachariah Ebn Alva, a native ¢ 
Seville, of which an epitome has been given by Caasirius (‘ Bibl. 
Escurial,’ i. 326, 8.) ; and according to Mr. Loudon, this writer has left 
a list of plants cultivated in the garden of Seville, more extensive 
that of the Greeks and Romans, In the 13th century the then Vizir * 
of Cairo, Ebn-Beitar, a native of Malaga, was so much attached to 
bo that he visited all parts of the wank ie he siete De 
cafentinn Ba Laoiolan of plants, His works are preserved in MSS. 
in the library of the Escurial, and it is said that although he scrupulously 
abstained from describing anything which he had not seen, yet he 
speaks of 2000 species more than Dioscorides. na(Sbreng., i. 238.) It is 
only reasonable to suppose that such a man a garden. We must, _ 
however, fix the period when gardens first began to be extensively 
improved, in the middle of the 16th century, when, as has been 
already shown, the rich Italians turned their attention to the intro- 
duction of new pase plants. By the ae that this new taste at die 
to be fixed in the minds of Europeans, the numerous phical dis 
coveries that had been made by the Portuguese: and Byartantay Bad 
opened new and unheard-of sources from which the lovers of gardens 
were able to enrich them. It would appear that the maize, the yam, 
tobacco, and the cotton-tree (Bombax) were brought to Europe by the 
Spaniards so early as the end of the 15th century (Barcia,‘ Hist.’ i. 24), 
and King Ferdinand is recorded to have preferred the pi i 
brought home in Columbus's second voyage, to all other fruits. (P 
Martyr. ‘Reb. Oc. Dec.’ 1. 2, b. 89.) ; 

It would be impossible to trace the progress of public taste in the 
construction of gardens any farther Risto rically, without occu) 
more space than such a subject can have allotted to it in a work « 
description. It may easily be conceived that from the time when the 
taste for gardens revived, up to the present period, there has been a 
gradual improvement in such places, commensurate with the wealth of 
joe pitas and the comme! a poms of nations, their peaceful habits, 

@ security of pro » an eir general progress in settling 
relations of wake Tike. ta the remainder of this article we shall offer 
& few remarks upon the most important causes which have contri- 
buted to bring gardens to their present improved condition, and con- 
clude by a brief account of some of the most remarkable Botanical 
Gardens of the present day. a 

The first great step that was made by gardeners to advance their art 
beyond mere mechanical operations, was the invention of glasshouses,- 
in which plants might be grown in an artificial climate, and ted 
from the inclemency of the weather. Until this was effected, it is 
obvious that the cultivation of exotic plants in Europe, ially its 
northern kingdoms, must have been much circumscribed. Mr. Loudon 
refers the invention of greenhouses to Solomon de Caus, architect and 
engineer to the Elector Palatine, and who constructed the gardens at 
Heidelberg in 1619. But there can be no doubt that buildings of this 


Ray says, 
pothecaries’ garden at Chelsea was 
by means of embers spiced in a hole in the floor ; and it ap : 

a section of a jouse in the Electoral garden at » pub- 
lished in ‘ Medicus Index Plantarum,’ that a German stove was used 
there as late as 1771. We however agree with Mr. Loudon in con- 
Seeeung the invention of glass-roofs for greenhouses to be an wra from 
which the principal part of modern improvements takes its date. This 
happened in 1717, when Switzer publi the plan of a forcing-house, 
su by the Duke of Rutland’s graperies at Belvoir Castle. Up 
to that time the want of light must have rendered it impossible to 
employ greenhouses for the growth of plants, either in winter or 
summer; they could only have been hybernatories, receptacles in 
which plants might be protected from wet or cold during winter, but 


r 
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from which they were transferred to the open air as soon as the spring 
became sufficiently mild. The substitution of glass-roofs, by in- 
creasing the quantity of light, put it at once in the power of the 
gardener to cultivate RE in his greenhouse those natives of 
hot countries which are not capable of bearing the open air of Europe 
even d the summer. From the time of Switzer to the present 
day there been a-gradual improvement in the construction of 


_ greenhouses, the object being to supply the plants with as nearly the 


_ vegetable ph 


‘but in 


same amount of light when under the glass-roof, as they would have 
had if in the open air. _The modern invention of curvilinear iron-roofs 
has i this end in a most remarkable degree ; for they sub- 
stitute an obstruction to light amounting to only 2 or 3 for a loss 
equivalent to } or even }. 

The mode of heating such houses has given the modern cultivator 
additional advantages of the greatest importance. Stoves of all kinds 
not only dry up the moisture of the atmosphere, but impregnate the 
air with exhalations unfavourable to vegetation. The substi- 
flues, while it equalised the heat, was still worse than the 
stove in drying and deteriorating the air; the introduction of fer- 
menting vi le matter, such as tan in a pit, in the interior of the 
house, ied this evil in some measure, but the application of 
steam-pipes or hot-water pipes has had the great advantage of obviating 
every inconvenience, and has given the gardener the power of modify- 
ing the heat and moisture of his greenhouse at pleasure. Add to this, 
the rapidity of communication between one country and another, the 
long peace with which Europe was blessed, and the leisure it gave 
men to occupy themselves with domestic enjoyments, the great 
encouragement given to the establishment of Horticultural 
Societies for ee of the art of gardening, and the discoveries 
made in yegetable physiology—add all these things to the improve- 
ments in ouses, under which name is here included all descrip- 
tions of glass buildings for horticultural purposes, and there is no 
difficulty in accounting for the present flourishing condition of Euro- 


pean gardens, 

There is one point further that requires to be noticed, as con- 
tributing to this result, and that is, the extension of the education of 
the ing gardener. Great numbers of gardeners are now well 
informed in the higher branches of their profession. Instead of trust- 
BB yeie as (last wae teach the tay thing Go baking «posting 
as ing a plant was m e same thing as ing a ing, 
they Fits Gaisivis acquainted with the principles upon which their 
operations are conducted; they acquire a knowledge of botany and 
ysiology, and some even of physical geography, thus 

place themselves in the only position from which they can securely 
adyance to the improvement of their art. The Losing’ Ban these sub- 


to few of 
Sodividuals, and in general all second-rate public establishments. The 
Teader who is desirous of procuring detailed information upon the 


eres wil find an ample account of all the best modern gardens in 


Loudon’s excellent ‘ Encyclopedia of Gardening, to’which we have 
been much indebted for this article. 

Although the restoration of took place among the nobles of 
Ttaly, and many noble instances of wealth and taste applied to such 
still remain, yet the political condition of that country is 
Uniaronzab to h tural pursuits, and although there are gardens 

to most of the Italian cities, there are none of much note, 
their pict 
Naples, 


ue features and fine architectural embellish- 
lorence, and Monza near Milan, are among 


4 too much attached to the stiff formal style of 
‘ 8 t walks, and architectural puerilities, have 
always had a great reputation as ners. Their wealth and their 
pees with the Cape of Good Hope and the East Indies gave them 
a while extraordinary advantages over other nations, and for a long 
eir garden of Leyden was considered the richest in Europe. 
was begun in 1577; in 1633 it contained 1104 species, and was x0 
enriched by the zeal of the wealthy Dutch merchants, that in 
no fewer than 6000 species were catalogued by Boerhaave, who 
was then professor of botany at Leyden. From this source was at one 
lime obtained the principal part of the succulent and other plants 
native of the Cape of Good Hope. It was afterwards a good deal 
ted, but was renovated under the care of Dr. Blume, and now 
ranks A the finest of the en gardens of Europe, 

Tn the Netherlands there are small public gardens, both at Antwerp 
Ghent, and one of the finest in Europe at Brussels, years 
since it was a wretched place, scarcely deserving the name of a garden ; 

1826 it was removed to its present site on the boulevards, and 


entirely re-formed. It now contains extensive ranges of hothouses, 
and a collection of plants. The roof of the houses is formed of 
curvilinear iron bars, and the whole is heated by steam. The principal 
range is seated on a terrace, with several fountains and broad flights 
of steps in front of it; while on a lower level are low ranges of pits for 
pine-apple plants and small tropical species. 

Aniong the German sovereigns a taste for gardening has grown up 
inad unknown in any other country except among the English. 
A love of the beautiful, a fondness for natural objects, a quiet con- 
tented character, so characteristic of the German nations, has no doubt 
been the cause of this. In Loudon’s ‘ History of Gardening,’ no fewer 
than ninety closely printed are occupied with short accounts of 
the principal gardens of Germany only. these we can only select 
those of Munich, Berlin, and Vienna. 

The garden of Munich is extremely rich in plants that can be 
cultivated in greenhouses and hothouses, but poor in those species 
which require to be grown in the open air: this happens in conse- 
quence of the severity of the winter, which destroys even the holly. 
There is a very fine~range of hothouses, containing numerous palms, 
succulent and other plants. It is however considered that the plants, 
especially the Brazilian plants, in the hothouses at Nymphenburg are 
much finer than those at Munich. 

The botanic garden at Berlin has long been one of the great sources 
from which the gardens of Europe have derived supplies of new plants, 
chiefly from Brazil, Mexico, and the Cape of Good Hope, in which 
country the king of Prussia has maintained collectors, It contains 
many hothouses and greenhouses, each of which is often dedicated to 
the reception of plants of some one tribe only. There is one for 
endogenous plants exclusively, another for ferns and palms, a third for 
Australian plants, and others for heaths, Cape, and Mexican plants; 
there are some very fine palms, in all the collection of 
species is one of the most extensive in the worl 

If the garden of Schénbrunn is less rich in plants than that of 
Berlin, it much excels it in the magnificence of its hothouses and 
greenhouses, The emperors of Austria have for above a century been 
anxious to render this garden the finest in the world; and no cost has 
been in sending — to foreign countries in order to 
increase the collection. It is however chiefly by supplies from the 
tropical parts of America that this en has been enriched. There 
are several ranges of houses, in which the species are grouped 
with + taste, and which from their size allow the plants to grow 
with all their native tropical luxuriance. é 
Rivalling these im structures are the gardens of St, Petersburg, 
founded by the emperor Alexander on the Apothecaries’ Island in the 
Neva. In a country with such a climate as Russia gardening can 
hardly exist, except with artificial heat under glass roofs, and ‘it is 
n to call in aid all the resources of art m order to overcome 
the difficulties of nature. It is not surprising then that in this 
situation the glasshouses should exceed in extent those of all other 

rts of Europe. In the open ground there is a large collection of 

ly plants, a quarter devoted to systematical botany for the purposes 
of students, an arboretum, and a division for medicinal species. One 
excellent feature in the internal arrangements of this garden is the 
placing the plants geographically, so that the most careless observer in 
proceeding through the different suites cannot fail to be struck with 
the changes in vegetation as he passes from Africa to America, to 
Australia, to India, China, and so on. 

In France gardening has never been in a very flourishing condition ; 
it is true that great quantities of vegetables are raised for the market, 
that the fruits of France are justly celebrated for their excellence, and 
the flower-markets of Paris are well supplied; it is also true that 
numerous excellent works on gardening eve been written in France, 
But for the quality of their fruit the French are chiefly indebted to 
their climate, for the abundant supply of the vegetable.market to their 
peculiar cookery, and for the excellence of their written works rather 
to the ingenuity of a few clever men, than to the general habits of the 
community. In flowers their taste is rather that of the Romans than 
of other European nations, for they are contented with a few sho 
kinds of sweet-smelling flowers, especially roses. Their great public 
gardens rather resemble in character those of tke days of Henry VIII, 
than of the 19th century. There no doubt are exceptions to this state- 
ment, but the Jardin des Plantes at Paris, which is the largest of the 
public establishments in France to which the name of garden properly 
applies, is searcely one. For a considerable period it consigted merely 
of various departments, in the open air, deyoted to purposes of teach- 
ing ; of an indifferent collection of hardy herbaceous pane, and hardy 
trees and shrubs; and of some contrivances to aid the student of 
agriculture, Of late years large glass-houses have been built, and 
many improyements made, yet even now there are few judges of 

ens who would assign the Jardin des Plantes a place among the 
class of European gardens, 

In Great Britain it has not been the policy of the government to 
offer direct encouragement to either science or art, except in a 
sparing manner, but rather to throw the duty of fostering them 
upon the people, So far as gardening is concerned the government 
has been right ; for if in this country such public gardens as we 
have enumerated are unknown, on the other hand no part of the Con- 
tinent possesses such multitudes of good private gardens as Great 
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Britain. That which in other countries is a luxury, provided for at 
the public expense, is here rendered a kind of necessity, which all 
rsons, from the cottager to the noble, strive to possess, Nothing can 
e more beneficial to the community, or more advantageous to horti- 
culture itself, than this difference, for.the result is not here and there 
a magnificent garden, and all around it comparative sterility, but a 
universal len all over the country. The chief English en con- 
taining a collection of plants is that of Kew, which is certainly 
the richest in the world in Australian, New Zealand, and Himalayan 
plants, and which was, during the war following the first French 
revolution, almost the only place in Europe to which exotic ree 
were introduced in considerable quantity. In consequence of this 
establishment having had a monopoly of government support for above 
fifty years, it has been the channel through which an enormous quantity 
of new plants have been introduced to Europe from all parts of the 
world. For many years however it was unworthy of the nation, from 
the illiberal manner in which it was conducted. Of late years this 
a has been abandoned, a liberal management has been introduced, 
collection is at least as accessible as that of other nations, and 
under the enlightened direction of Sir W. J. Hooker, the whole esta- 
blishment has assumed such a itude and importance as to place. 
it far above all other institutions of the kind. It now embraces within 
the botanic garden proper an area of seventy-five acres; has a noble 
house, 362 feet long, and in the centre 100 feet wide, and 66 feet 
igh several good hothouses ; a new museum, &c, 
ext in importance among public gardens was that of the Horti- 
cultural Society, at Chiswick, near London. It had been established at 
* the expense of the members of the society, and was intended both as 
a place of experimental researches in horticultural science, and as a 
station whence the most valuable, useful, and ornamental plants of all 
kinds, might be distributed through the country; for which purposes 
its extent, amounting to 33 acres, was expected to be amply sufficient. 
For more than 30 years it exercised a most important influence over 
the progress of horticulture, and was the medium of introducing by far 
the greater part of the valuable exotics which have found their wa; 
into cultivation since its foundation. No association of individual 
ever produced so marked an effect upon gardening in a few years as 
was brought about by the enormous distributions of cutti of 
improved fruit-trees, of the finest kinds of vegetable seeds, and of new 
plants mostly imported direct from the British colonies and from the 
west coast of America, made annually from this len, independently 
of thé collections sent in return to all parts of the world. Of late 
years, however, it has been merely maintained as a place of iment, 
and is about to be replaced by a new garden at Kensington Gore, at a 
cost of 100,000/. ” 

A very successful establishment of a nearly similar kind is the 
Royal Sociéty’s Botanic Garden, which occupies the inner circle (an 
area of eighteen acres), in the Regent’s Park. It has a very spacious 
conservatory, greenhouses, and an excellent collection of plants. 

The botanic garden of Edinburgh is one of the finest and best- 
managed in Europe. It consists of 16 acres, delightfully situated, and 
includes everything that can be required for the purposes of teaching. 
The houses are remarkably good, and the healthy condition of the plants 
deserving of all praise. It is particularly celebrated for its beautiful 
specimens of heaths, Besides these, there are botanic gardens at Dublin, 
Glasgow, Liverpool, Cambridge, and Oxford; fine public gardens in 
Sheffield, Manchester, Birmingham, and some other large towns; and a 
garden at Chelsea, belonging to the Apothecaries’ Company, who main- 
tain it for the use of the medical students of the London schools. 
The Chelsea garden was once among the most celebrated in Europe, 
having been for nearly fifty years under the management of Philip 
Miller, the author of the ‘ Gardeners’ Dictionary,’ and whom Linneus 
called the “ prince of gardeners.” Its situation has however become 
unfavourable for a garden, in consequence of the number of houses 
with which it is surrounded. 

The number of species included in Loudon’s ‘ Hortus Britannicus,’ 
or catalogue of the plants either cultivated in Great Britain or indi- 
genous, amounted in 1830 to upwards of 25,000, exclusive of Crypto- 
gamous plants; and although a vast number of deductions must be 
made, it is not improbable’ that there are at this time nearly as many 
species known in the different British collections. 

GARDEN HUSBANDRY is a branch of horticulture, the object 
of which is to raise fruits, vegetables, and seeds for profit on a smaller 
paren of ground than is usually occupied for the purpose of agri- 
culture. 

The best examples of this kind of industry are found among the 
market-gardeners near populous towns, particularly London, Paris, 
and Amsterdam. By the application of much manual labour and an 
abundant supply of manure they accelerate the growth of vege- 
tables, and’ produce them more abundantly than where manure is 
a, so easily obtained, or where there is not so large a demand for the 

uce, $ 

The gardeners near Paris, some of whom have gardens within the 
outer walls of the city, are called Maraichers, from the situation of their 
gardens in a low district which was formerly a marsh (marais). The 
ind of this laborious class is proverbial. ‘ Their whole life is 
dev to their gardens, They work tlie whole day in the greatest 
heat of the sun, and long before the rest of the inhabitants awake they 


are on their way to the market with their produce. The soil in which 
they raise their vegetables is naturally a poor sand, but by constant 
manuring it has been converted into a very rich mould | ing in 
humus. . From its porous nature, and the tein recurrence of dry 
summers, it would. produce little without .constant and abundant 
watering, ~The raising of water from numerous wells: thro 

the grounds, and conveying it to the growing plants, is the most 
laborious part of the work: during the whole summer this labour is 
incessant. There are large stone cisterns in which the water is allowed 
to remain, that it may acquire the temperature of the air; and from 
these it is carried by pipes into various channels which intersect the 
garden in every direction. These gardeners divide the season into 
three periods, The first begins in October, when they sow Wp 3 
a hot-bed, which are pricked out a month after, and planted finally in 
a sheltered border about the end of January, the ground having been 
well dug and abundantly manured with very rotten dung taken from 
the hotbeds. At the same time they sow radishes and leeks among 


in May, and the leeks in June. This completes the first season. The 
gro’ is now dug again, and manured with fresh long stable dung 
mixed with the of which the hotbeds were formed ; in this they 
plant alternate rows of endive or scarolles (both varieties of 
and of cucumbers, which produce gherkins for pickling and sauces, 
The endive is sold in July, and the small cucumbers continue to be 
gathered till September. In the third’ season, which is the 

another digging and dunging is given, after which they sow radishes 
and small winter-salad, of which the French have a great va . 
Winter oie ie also erst blanching. From this gp 
appears that the un uces a constant succession of culinary 
ware Ty and that it is manured thrice in the year. The great 
object is to have a rapid succession, and to allow no plant to ocer 
the ground long. Cabbages, cauliflowers, asparagus, A idhickeh aa 
other vegetables which remain a long time on pe crore eee 
vated at a greater distance from Paris, where the land lets at a lower 
rate. These plants will bear to be carried to a greater distance than 
the delicate vegetables which are used chiefly in a raw state as salads. 


which there is a great consumption. This is continually dunged and 
watered to accelerate its growth, and is cut many times in the season. 
It must however be allowed that this forcing with manure and water, 


although it produces large and delicate fibres, does not give the flavour 
which belongs to vegetables grown in common earth, and which haye 
had a more natural growth. 


The market-gardens near London are on a larger scale, and if they 
produce fewer salads and pot-herbs, they produce better and more 
substantial vegetables, and likewise a large quantity of fruit. The 
best soil is a moist alluvial loam deposited from Ra sp; over- 
flowings of the Thames, which are now prevented by or dykes. 
But an increased demand for vegetables has caused much inferior soils 
to be cultivated as gardens, and increased labour and manure have 
supplied the deficiency in natural fertility. The gardeners’ yea: 
properly begins in autumn, when the land is dug, or rather tren 
and well manured. Various vegetables, which will be required in 
winter, are now sown, and especially those which are to produce plants 
to be set out in spring; spinach, onions, radishes, and winter salads 
are sown, and when the weather is severe, are protected se ig oe 
covering of straw or mats. In February, the cauliflowers which have 
been raised in frames or under hand-glasses are planted out. The 
cabbage plants are pricked out. The radishes, onions, and salads go to 
market as soon as they are of sufficient size, and sugar-loaf cab 
succeed them.» As the cauliflowers are taken off, they are su 
by endive and celery, and the same is the case with the cabbages. 
Thus there is a constant succession of vegetables, without one moment's 
respite to the ground, which, in consequence of continual stirring and 
manuring maintains its productive power. . Deep trenching in some 
degree prevents that iar deterioration of the soil which would be 
the consequence of the frequent repetition of similar plants. This 
effect is most perceptible when the plants perfect their seed, which is 
seldom or never allowed to take place in market gardens; but great 
attention is paid to the species of plants which succeed each other on 
the same spot. The principle which e ence and theory unite in 
establishing, is that of avoiding the too frequent recurrence of, pla 
which belong to the same natural families. The great variety eul- 
tivated in gardens, in me yt with the common produce ona farm, 
enables this principle to be fully acted upon. Those Pej one 
overlook this, and repeatedly sow or plant the same kind of vegetables 
in the same spots, are soon aware of their error by the diminution of 
the wee, both fa quantity and quality, arid by various diseases 
which attack the plants, however abundant may be the food supplied 
to them, or carefu at 5-4 Sah 8is,2r ; 

The principle on which the gardens are cultivated, is that of forcing 
vegetation by means of an abundant supply of dung, constant tillage, 
and oceasional watering. , The whole surface is converted into a species 
of hotbed; and crop succeeds crop with a rapidity which is truly 
astonishing. Those v 


the lettuces. The radishes are sold by the end of March, the lettuces: 


chicory), A 


The only perennial plant in the gardens of the Maraichers is sorrel, of 


bles which arrive at a marketable state in 


’ 


| the least time are always the most profitable, and those also for which — 


| there is a constant demand at all times of the year. With an abundant 


| Supply of manure, the market gardeners have no fear of exhausting the 
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il; and dissimilar vegetables may grow together on the same ground. 
fruit may be eons Cay rows, especially those of the 
kind; and under them those vegetables which do not require 
sun may be raised toad This is a very common arrange- 
in the market gardens near London. berries, gooseberries, 
are planted in the rows between the trees. These rows 
ing thirty or forty feet apart, leave ample room for vegetables. But 
gardens where the finest vegetables are raised, and particularly 
which are appropriated to the growth of seeds, no trees are 
i to shade the ground : even the hedges, if there are any, are 
and clipped, that they may not give any shade, or harbour 
The market gardeners near London do not raise many 
except such as are forced and require glass frames to 
The supply of peas in the season comes from a 
distance, and is the produce of whole fields sown for that 
farmers within a moderate distance of London. This 
so profitable in a confined garden cultivated at a 


be 

The yalue of the produce in one year, from an acre of -ground 
in the most favourable situation, is almost incredible. e expenses of 
cultivation are very great. In inferior situations, where the produce is 
the expenses are also somewhat less. 
always be laid out in a regular form, with narrow 
and paths between them. One or more roads, of suffi- 
allow a cart to pass, should intersect these beds at right 
for the convenience of bringing manure and taking off the 
The beds should not be above six feet wide; so that a 
weeds, or gather the vegetables without 

surface-soil taken from the paths serves 
and in tive soils may carry off the superfluous 
sudden and violent rains, The whole grounds should have 
trenched two spits deep or more; and this trenching should be 
to mix the upper with the under part of the soil, 
dung throughout the whole depth. 
a rich black mould will be produced, in which every 
ble will gr 


i 
i 


Th 


Fa 


7 


ip 


J 


ii 


3 
bs 
gE 


ae 
me 
: 


Geeeeereeies 
ie A 
Aaa 
4 £ 
f 
: 

: 
; 


an angle of twenty or thirty d 
ea. pee tear rg from the north winds, and exposes them 
to influence of the sun. In very frosty weather, these beds 
ered with mats or loose straw. “We do not mention frames 
with glass, as they belong to a higher kind of horticulture: 
hoops, rar hes th Sade of ocie Sohabien 

is indi le for the [raising of early v es, 
these means radishes and yarious salads may be raised very early in 

and sometimes, in mild winters, without any interruption 
abundant supply of manure is indispensable in a market-garden, 

adults be chtained, in Je towns at a trifling expense, 
The neighbourhood of a town is therefore a sary circumst 
towards the production of the crop, as well as its sale. It would be 
impossible to make a sufficient quantity of manure by means of the 
which are employed to carry the produce to market; and the 
of land usually laid out in -ground could not raise suffi- 
food for cattle, without taking up a space which may be more 
oogypn employed. The only animal which can be kept to advantage 
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is a Be ect animal pete well - a offal of 
vegetables ; and the of cottagers could not well be kept in a 
fertile state if it were not for the manure made by the pigs. 

The market-gardeners about Amsterdam are mostly Jews, and the 
vegetables which they bring to market are similar to those of the 
London or Paris gardeners; but they excel particularly in raising 
large white cab for ing saur-kraut, a dish much 
itch and Germans, [CaBBace,] French 
bers and melons. They raise these in such abun- 

hg ee eggs, markets at hig fede 
orcing peas and beans, in 
hot beds. * 
near London, of the extent of ten or twelve 
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acres, are as great as that of a farm of ten times the extent cultivated 
in the best manner, without the help of hased manure. But if 
ure can be obtained at a reasonable rate, as is often the case in 


many horses are kept for public con- 
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ances, although there be no immediate demand for vegetables, a 
gargen ma; be very profitably cultivated, entirely for the purpose of 
raising This branch of industry is the more worthy of notice, 
as it may enable a cottager to improve his situation greatly by the 
produce of a small garden or allotment of land. The demand for seeds 
of all the most common productions‘of a , and especially of 
flowers, is great beyond belief, and the of those who retail them 
rarities is v0 greet, Set can afford a liberal price 
to those who raise them with proper care so as to keep the varieties 


for sowing in the next year. They choose the soundest and 
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best shaped, and by attention in keeping the ground clean, and allowing 
only one sort to go to within a certain distance, they produce a 
better seed than the farmer could; because the labourer and his 
family having their garden constantly in view, can more easily keep off 
birds and .watch the ripening of the seed, so as to allow it to come to 
perfect. maturity, without danger of the pods bursting, and shedding 
the seed from being left too long. Thus they can collect a bushel or 
two of excellent seed from a small portion of land; and this, at the 
price of a guinea a bushel, which is cheaper to the farmer than if he 
raised it himself, or purchased it of the seedsman, is a very profitable 
crop to the labourer, An industrious cottager, without losing any 
time, with the help of his wife and children, may much increase his 
comforts in this manner, while at the same time he trains his children 
in habits of industry. To no class of men would a knowledge of 
garden husbandry be more useful, The improvement which may be 
made in the condition and character of the poor, by combining in their 
education a knowledge of the most common arts of life with that of 
letters, which is often the only thing taught in schools, must be evident 
to every man who has reflected on the subject; and of all these arts 
the most generally useful amongst an agricultural population is the art 
of horticulture, The cottager who is acquainted with the means of 
raising early garden produce, who can graft young trees, who knows 
what plants may be propagated with a little care, and be readily sold 
when in perfection, cam employ his labour with a double advantage. 
And many a man, from a very small beginning, has, with a moderate 
share of judgment and prudence raised himself to independence, if not 
to affluence ; while he that plods on in the beaten track like a horse in 
a mill ends his days in ignorance and poverty. 

The great superiority of those schools which have been established 
to teach the children of the poor to work as well as to read, over those 
which teach book knowledge only, is indisputable. A boy who can 
manage a little garden, who takes a pleasure in watching the seed he 
has sown, who plucks out every weed as soon as it appears, and who 
prides himself on the fruit and vegetables which he can place on his 
father’s table, is more advanced in his education than he who can only 
read and write, however well he may do both. 

Many plans have been proposed for the distribution of the crops ina 
cottage garden; but none of them are suited to every situation, 
Much depends on the nature of the soil, which may be better suited 
to one kind of produce than another ; and also to the demand for an, 
peculiar class of vegetables. New sorts may often be introduced with 
advantage. The raising of any useful plant with great care will often 
give a man a reputation, which makes it advantageous to him to con- 
fine himself to these principally, and raise them in the greatest per- 
fection. An ingenious man will find out what is most for his own 
advantage; and from the list of plants which may be cultivated for 
ornament, or for use, a selection may be made which may be well 
suited to the situation of the ground and the circumstances of the 
grower. The practice of the market-gardeners may be examined with 
advantage ; and long experience, with the test of profit, will lay down 
better practical rules than the most plausible theories. 

An allotment of land, such as is now very frequently given to 
agricultural labourers, may be cultivated to great advantage by apply- 
ing judiciously the general principles of garden husbandry. There 
are few cottages which have not already attached to them a small 
garden of a few perches, in which common vegetables, such as cab- 
bages, onions, and early potatoes, are raised. The same vegetables 
may continue to be cultivated there, provided the situation is more 
convenient from its proximity to the cottage, or a small part of 
the allotment may be set apart every year for this purpose, so as to 
change the crops, which is always an advantage. But the remainder 
of the allotment should be cultivated on a regular plan, as a farm in 
miniature, with this difference, that all the operations should be per- 
formed with the minute attention of a gardener. Potatoes and wheat, 
if the soil is not too light for the latter, or rye, in very sandy soils, will 
be the principal crops, bavig mys necessary to the support of 
the family. These crops have sometimes been recommended to be 
raised in every alternate year ; but whatever be the tillage or manuring, 
there are few soils which will not soon be reduced in fertility by this 
constant succession, One-fourth of the land in wheat, and one-fourth 
in potatoes, is the utmost which can be profitably cultivated in one 
year. The remaining half of the allotment must produce pulse, roots, 
and green crops, by which animals may: be fed and manure collected, 
An allotment of e acres will enable a cottager to keep a cow, by 
having a portion of it in clover or other artificial grass. In the 
‘Farmer's Magazine, for February, 1802 (p. 38), there is an article 
drawn up by Mr. John Sinclair, in which it is shown how this may be 
effected without difficulty. But as the allotments usually given to 
labourers seldom exceed half an acre, or at the most an acre, the keeping 
of a cow is out of the question; and the o animal which can be 
profitably reared and fatted is the pig, to which we shall therefore con- 
fine our observations. By means of pigs, the co may greatly 
increase the profit which can be made from his allotment of land, 
keeping up at the same time a proper degree of fertility, One-half 
of his land must be cultivated to feed his pigs; besides the smaller 
potatoes which remain when the finest and best are taken out for the 
use of the family, he may 4 ee beans, barley, carrots, parsnips, 
and turnips, especially the Baga, or Swedish turnip; and all the 
UC 
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straw must be used for litter. If this be attended to, the 
greatest possible profit will be made from the Jand, without any danger 
of ita being exhausted and losing its fertility. The rotations will there- 
fore be—potatoes, with a great quantity of manure; then barley, then 
peas, beans, carrots, parsnips, and Swedish turnips, manured ; and 
after these wheat. The application of the garden husbandry must be 
in the preparation of the soil by deep trenching and digging, carefully 
drilling or dibbling all the seeds in rows, stirring the soil between the 
growing plants, and keeping the ground clear of weeds by the hand 
and the hoe. These last are the most essential part of the cultivation, 
and are to be performed by the wife and children. By daily attention 
to the of the plants, and continual assistance at critical periods, 
sometimes thinning out, and at other times transplanting to produce 
an equal crop, and treating every plant as if it were a rare plant in a 
m, the ground may be made to produce more than double what 
most attentive farmer could expect on a larger scale. The addi- 
tional labour, which is all light, costs the cottager nothing ; but the farmer 
could not afford to pay for it at the usual rate of wages. If he could 
find hands to do it, he could not insure the minute attention which is 
naturally applied when the labourer is to receive all the advantage 
himself. The comfort which a well-managed allotment gives to a 
labourer with a numerous family is hardly credible by those who have 
not witnessed it ; and if there were less profit, it would still be highly 
beneficial, in a moral and political point of view, that early habits of 
industry should be encouraged, and that the temptations which arise 
from want of employment should be taken away from the young by 
the useful and healthy occupations of the garden. 

Let us add that on the garden culture of London neighbourhood, by 
which vegetables are raised for the metropolitan markets, the reader 
should consult Mr. Cuthill’s paper on market-gardening in Morton’s 
‘Cyclopedia of Agriculture.’ And as to allotment culture; while 
anything which shall distract the cottager from his hired labour as the 
Main source of his maintenance is bad, and while therefore large 
allotments of one acre or more are generally mischievous in their 
influence, there cannot be a doubt that, on a smaller scale, as Mr. 
Morton states in the ‘Journal of the Royal Agricultural Society of 
England’ the so-called allotment system is beneficial both to the 
labourer and his employer. If the possession of a store of field and 
| ot produce be, as is alleged, a temptation to dishonesty, by the 

ilities which it affords for secreting the property of an, employer, it 
is even more powerfully and in a variety of ways a security for good 
behaviour. The allotment of land which provides this store attaches a 
man to the locality in which he lives—it provides employment for 
those hours both of his children and himself which would otherwise be 
wasted—it adds to the comforts of his home—and it is generally a 
subject of common interest to himself, his neighbour, and his supe- 
riors. All these things tend to make him both contented and respect- 
able. And if, as has Sone also said, the cultivation of an allotment 
does prove a tax upon the powers of the labouring man, incapacitating 
him in some degree by ita need of extra work for those ten hours’ 
labour which are due to his employer, it must be remembered, on the 
other hand, that, by every addition to the comforts and the means of 
home which it confers, his strength for those ten hours’ labour is 
increased. 

The following account of the way in which the allotment system 
was established at Whitfield, in Gloucestershire, and of its influence 
there, and the character of the population, is taken from Mr. Morton's 

per already alluded to, The system there was not necessarily called 
for by excessive population ; there was no 8 difficulty felt either 
by employers in providing labour, or by workmen in obtaining a live- 

ihood ; it was carried into operation as an addition to the comforts of 
an ae tolerably satisfactory condition of the agricultural labourer. 

The Whitfield allotments were first let many years ago, and, after 
twelve or fourteen years’ cultivation, they are as fertile and productive 
as ever. Lying near the hamlet where most of the tenants live, the 
land is cultivated by them with the least possible waste of labour in 
passing to and fro, and with the greatest facilities both for the con- 
veyance of manure to the land and the removal of produce from it. 
Most of the plots are 60 or 70 perches in extent, varying, however, 
from less than a quarter of an acre to rather more than half an acre. 
The way in which the land was let, and the whole scheme organi 


? 


may be very shortly described. On application to the late Earl of 
Ducie, an o! ure close to the village, about 11 acres in extent, was 
set apart for the purpose. Twenty or thirty cottages stand around or 


near the field, and to each a plot of ground was allotted. The field 
was, in the first place, divided into pieces varying in size between the 
extremes already named, according to the number of the cottagers and 
their ability to manage it. Paths were made between certain clusters 
of these plots, and a cart-way was left at either end of the land, for the 
removal of the produce, Such portions of the field as needed it were 
effectually under-drained. One-half of each plot was then dug up a 
good spit deep with the grafting-tool. All this was done during the 
winter. Sheep were turned in during the following summer. The 
grass of the halves left undug was thus eaten bare, and the halves of 
the several plots that had been dug were thus well trodden down. 
The allotments were apportioned at Michaelmas by lot, each cottager 
being told in what class, as to size, he was permitted to draw. To 
those of less ability than the others, whether owing to greater distance 


from the field, to having fewer children able to assist, or 

or skill, the smaller plots were offered. To those 
ability, whether of greater need or not, the larger plots were “ 
pi that bere these plots egal —— in aid of 
the necessitous, wou ve a pauperising » It was an oppor+ 
tunity to them, offered osueting to their ability, not according to 
their need ; and it thus acted as a premium upon every good quality 
they possessed or could acquire, 

The previous management of the land it in the hands of these 
allotment tenants in first-rate order; the half which had been dug 
six months or more before, and trodden down all the summer by the 
sheep, was in the best possible condition for receiving wheat; and the 
other half in grass was ready to be at once dug up for potatoes, beans, 
or other vegetables, during the ensuing spring. The new rent de- 
manded was determined by charging, in addition to the former — 
cultural rent, 5 per cent. upon all that had been ex led by the 
landlord in carrying out the scheme. The drainage of th land, the 
plotting and digging it, the loss of rent of the land half dug,— 
all these added together, constituted a principal sum, on which 6 
cent. was charged in addition to the former rent. ‘To this was 
the estimated rates and taxes, and the cost of keeping fences in repair, 
together with 1s. from each of the allotments (about 3s, an acre on an 
average); this last to constitute a prize fund in furtherance of good 
cultivation. The whole rent thus ascertained was allotted over the 
several plots in proportion to their size and the quality of the soil. 

The only conditions imposed upon the tenant, beyond the regular 
payment of his half-yearly rent, were that he should cultivate the land 
by manual labour, that he should not crop more than half his land 
with wheat or potatoes, and should give up the whole at the end of a 
year if required to do so. 

There can be no doubt that this eleven acre field has been a great 
addition to the comforts of the village of Whitfield; and any one who 
sees the whole village population, young and old, at work upon it 
during those evening and even moonlit hours of spring and pice 
which would otherwise by many of them have been worse than 
in the beer-house, must feel that the good influence of these field- 
gardens extends, beyond the mere material condition, to the cha- 
racter as well. The latter consideration is less capable of definite 
estimate or proof—it is incapable of reference with certainty to its 
causes ; but in valuation of the former, there is no doubt that — 
a half-acre in the Whitfield allotment-field, which formerly contrib 

rhaps one-sixth to the annual keep of a cow, now provides one- 
‘ourth the bread-corn needed by a family, with more than that proportion 
of the potatoes they consume. Thirteen or fourteen bushels of wheat, 
and more than two tons of potatoes, are thus obtained from many a 
half-acre of land. “I would rather have my plot and pay a heavy rent 
for it, than have a 5l.-note for nothing once a year,” is the comm: 
testimony. The rent does not exceed 8/. an acre, and the land was 
probably worth 50s. as a pasture-field. It is punctually paid. 

The Michaelmas rent-day was signalised by the award of prizes, 
namely, 1/. to the best cultivated allotment, and a return of the half- 
year’s rent to the second best; and for this funds, as has been said, 
were provided by the allottees themselves, in the additional rent taken 
from them for this purpose. 

The influence of the allotment system has perhaps been better 
shown at Silsoe (Bedfordshire) than in any other place. Mr. Trethewy, 
of that place, read a ee on it ata recent meeting of the London 
Farmers’ Club, and he declared it as his opinion, the result of a large 
-experience, that the subject involved the comfort and prosperity of the 
occupier quite as much as of the owner of the land or of the labourer, 
“ Any system having a tendency to elevate the moral character of the 
labourer and improve his condition must be worthy of encouragement 
by the farmer.” Mr, Trethewy alluded to the special fitness of this 
system where labourers live in villages, and where sufficient garden- 
ground cannot be obtained adjoining to the cottages. In peorien Po 
field near the village, for the purpose of allotments, he says:—* The 
nature more than the quality of the soil should be considered, for it is 
astonishing how much poor thin land is improvable by spade husbandry, 
while strong and heavy clays are wholly unfit for the purpose of allot- 
ments, no matter how well they may be drained.” 

The following are his very sensible remarks on the importance of 
confining the allotments to a manageable extent of mere garden 

und ;— 
on My experience convinces me that a rood is sufficient under almost 
any circumstances; and the greatest error that has been committed 
has been the allotting of too much land to one individual. To dwell 
upon the evils arising from such a proceeding is scarcely necessary, as 
it must be obvious that without sufficient capital the oceupation of 
land cannot be attended with profitable results. Some instances in 
confirmation of this view have come under my own observation, and I 
can confidently assert that, instead of the position of such men having 
improved, it has retrograded. Occupied nearly the whole of their 
time upon their own land, they can no longer be classed under the 
head of labourers, and they actually injure regular workmen by throw- 
ing their labour into the market at seasons of the year when the 
demand for it is unusually depressed. If it be argued that the 
restriction of the system would have the effect peveae a 
labourer from improving his condition, and effectually debar him from 


. 
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rising in the world by his own industry, I would answer that I am not 
now discussing the relative advantages of large and small farms, but 
am myself to the agricultural labourer in the broad 
tion of the term. Every emp 

that it is as important to the 
work at all times, as it is to 
that the business of the farm could not 
such regularity. I regard it, then, as a 
follow any pursuit that would at all interfere with the 
claim employer upon him; for, be it remembered, that it is 
upon hired labour that the working man must chiefly depend for his 
subsistence; and any scheme that has a tendency to interfere with 
this his chief capital, must very shortly end in disappointment and 


lowing account of the Silsoe allotments is taken from 
Mr. Morton’s paper in the ‘ Journal of the Royal Agricultural Society :’ 
the enactment of the new Poor Law, and the early 
of the scheme were driven to it by the pressure of the 
poor’s rates. The improvement in the condition of the labourer there 
and elsewhere is, no doubt, partly the effect of the new Poor Law, 
which has taught him that his first dependence must be on his 
own exertions; but a share in that improvement around Silsoe must 


i 


certainly be allowed to the allotment system as there established. 
At first the allotment tenantry: were allowed a considerable extent of 
land apiece—two acres or more. As much, indeed, as they declared 
their ability to manage was allotted to each applicant. But as these 
have gradually fallen in or failed, they have been subdivided; and 
from a rood to half an acre is now the ordinary extent allowed. There 
have been no restrictions placed upon the cultivators of these plots, 
but such as are also laid upon the farmers of the district. There is no 
formal provision against Sunday labour or against immorality, nor are 
there any special legal securities taken for the relapse of the land to 
the owner in case he should uire it. Every security, nevertheless, 
exists as to all these particulars in the general sense of propriety which 
prevails, as well as in the knowledge that sufficient power exists in the 

ent to enforee it. On riding round these allotments late in 
May, 1859, we saw poppies, turnip-seed, onions, peas, and cabbages, in 
some cases grown to a large extent ; but the ordinary crops were wheat 
and potatoes for home consumption, In a few instances the land is in 
the hands of market-gardeners; but, as a general rule, the allotments 
are occupied by agricultural and other labourers; and the following 
table, extracted from Mr. Trethewy’s paper, gives their extent and their 
number in the several ishes, her with interesting details 


regarding parochial rates since the period of their establishment :— 


Population 
per census 
of 1851, 


Number of 
Allotments. 


Area of 


Parish, Parishes. 


Annual Average of 
Five Years’ Parochial 
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We conclude with Mr. Trethewy's statement of the superiority of 
these clustered field-gardens over detached cottage-gardens, and of the 
> ye of encouraging rivalry by an annual judgment of cultivation 
and bition of produce :— 


“(1) Every man has the advantage of the experience of the whole 
field, and generally benefits by it; whereas in a garden there are not 
those i (2) How frequently does one see a garden over- 
ron weeds, overgrown with trees, bushes, and fences, absolutely 
excluding sun and air, and producing next to nothing to the cultivator ! 
In an open field-allotment the sun and air are freely admitted ; the 
land is more clean, and the state of cultivation patent to all 
the bourhood. (3) I believe example has a strong influence in 

good and clean cultivation among all classes of occupiers. 
a view to encourage it amongst the allotment tenants of the 
district, a society, called the “Silsoe and Ampthill Labourers’ Friend 
," was established about seventeen years ago. It offers several 
prizes annually for competition, and great interest is excited among the 
exhibitors. is society is under the patronage of Earl de Grey, and 
has Lord Wensleydale as president; while the stewards consist entirely 
of tenant-farmers, who thus evince their sense of its usefulness, The 
subscribers comprise the clergy and gentry of the neighbourhood, and 
the exhibition is invariably fully attend In fact, all classes unite 
Me the object it has in view; and the result is, bra rap pete 
its, vegetables, &c., that would ise any one W never 
before witnessed it. I believe this to eS a mee useful institution ; 
and, where allotments prevail to any extent, I would strongly recom- 
mend the establishment of similar associations.” 

The almost universal testimony of experience on this subject con- 
firms the conclusion to which, after Mr. Trethewy’s paper, the discussion 
before the Central Farmers’ Club led—that the system may always be 
expected to benefit both labourers and their employers, excepting 
under = or neglect; that is, excepting (1) where 
the land set for the purpose is altogether unsuitable in character, 
or (2) too distant from the cottages of the allottees, or (3) where an 


excessive extent is to the tenantry, or (4) an excessive rent 
demanded from them, or, lastly (5), where the tenantry are left entirely 
to themselves, and no effort made to excite their rivalry or pride in 


cultivation. 

GARGOYLE, GORGOL, or GURGOYLE, in Gothic architecture, a 
spout which is carried out from in order to discharge the 
water from roofs clear of the wall. val architecta, who almost 
invariably made the subsidiary features of their buildings of an 
ornamental character, so as to conduce to the general effect, saw at an 
fo the service which these humble objects might be made to 

Instead of having merely plain projecting pi for their 
spouts, they covered the pipe with a block of stone, whic they carved 
Bn aecordance with the rest of the sculpture; but, regardful of 

a ignoble purpose to which it was applied, gave it a decided] 
grotesque character, Sometimes it is a human figure in a constrain 


attitude and with a distorted countenance ; sometimes an animal or a 
monster. Usually the water is made to pass through the mouth, 
but sometimes it passes from a pipe concealed below. Occasionally 
the figures appear to be caricatures of particular persons or bodies of 
men; oceasionally they are gross; but almost always, as we have said, 
they are grotesque. They appear to have been first used in the Early 
English style; and they were most prominent in that and the 
Decorated. 

GARLIC, a hardy perennial plant with bulbous roots, found growing 
wild in the island of Sicily, and in several other parts of the south of 
Europe. In gardens it is cultivated chiefly on account of its bulbs, 
which are much used in cookery, and occasionally in medicine. 

It is the Allium sativum of botanists, and is regularly grown for the 
market. For this pu , a light tolerably rich svil is selected in a 
dry warm situation. The ground should be well dunged for the crop 
which precedes garlic, and not when the garlic is planted ; because, 
when this is done, the bulbs are very apt to canker, and to be infested 
with maggots. 

It may either be planted in beds or in rows ; if in beds, the distance 
between the plants may be seven or eight inches; if in rows (which is 
most recommended), they may be one foot apart, and six inches 
between the plants in the row. In gardens where the soil is light and 
dry, the best season for planting is late in autumn ; but where the soil 
is wet, the operation should be deferred until spring, that is, to any 
time in February or March. \ 

The plant is propagated by offsets, which it produces annually in 
considerable numbers, and which are commonly called cloves, e 
season of ripeness, which is generally in the end of July or August, is 
easily known by the leaves changing from green to yellow. At this 
period the bulbs should be taken up and spread out in the sun to dry, 
after which they may be tied in bunches and kept in a dry house for 
winter use, in the same way as onions. 

GARLIC, OIL OF, When cloves of garlic [Attrum Satrvom, in 
Nat. Hist. Dty.] are distilled with water in the manner described 
under Essenriat O1s, 0°2 per cent of an oil is obtained of yellow colour, 
acrid taste, and strong disagreeable smell. After drying with chloride 
of calcium, and rectifying over potassium, it is obtained and 
colourless. It then constitutes the sulphide of the radical allyl (C,H,) 
fOrcantc Raprcars] and has the formula (C,H,,S), The oxide of 
allyl, and a compound of ally! still richer in sulphur than the sulphide, 
appear also to be contained in the crude oil of garlic. 

Bulphide of allyl is lighter than water, refracts light strongly, may 
be distilled without undergoing decomposition, is but slightly soluble 
in water, but very soluble in alcohol or ether, Sulphuric acid dissolves 
it without alteration, nitrie acid converts it into oxalic and formic 
acids. On the addition of nitrate of silver to it, sulphide of silver is 
precipitated, and after a time crystals of double nitrate of silver and 
allyl are deposited. Sulphide of allyl also precipitates and forms 


double salts with the salts of gold, mercury, platinum, and palladium, 
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The m compound (C,H,S,2HgS + C,H,Cl,2HgCl) is decomposed | When Queen Anne attended the thanksgiving at St. Paul's in 1702, 
on being distilled with ee te ium, sulphide of allyl | and again in 1704, she wore the garter set with diamonds, as 
pane rerwetones with rox age Noe of allyl (oil of mustard). | of the Order, tied round her left arm. 
er plants besides garlic contain sulphide of allyl; see EssentiaL | GAS, a term or em) chemists 
Oms, alliaria, cress, onion, radish, &c. air, It was first used in a very sense by Van Helmont ; but in 
GARNISHEE, [Arracument.] consequence of the great number of -elastic fluids dis-— 
GARTER, ORDER OF THE, one of the most ancient and illus- | covered by Priestley, so different in their from common air, 


trious of the military orders of knighthood in Europe, was founded by 
King Edward III, The precise year of its institution has been dis- 
puted, all authorities agree that it was established at Windsor 
after the celebration of a tournament. Froissart says, Edward esta- 
blished the order on resolving to rebuild Windsor le, “ which King 
Arthur had founded in time past,” and fixed the first celebration of 
the order on “St. George's day next ogo 2 that is April 23, 1844. 
Walsingham and Fabyan agree with this as the date of its foundation: 
Stow, who, according to Ashmole, is corroborated by the statutes of 


the Order, says 1350. Camden says it was founded after the battle of }, bodi 


Crecy, at which Edward displayed his garter as a signal for the attack. 
The ise cause of the origin or formation of the Order is likewise 
not Ristinetly known. The common story respecting the fall of the 
Countess of Salisbury’s at a ball, abieh was picked up by the 
ing, and his retort to those who smiled at the action, Honi soit qui 
y pense, which afterwards became the motto of the order, is not 
entirely given up as fable, A tradition certainly obtained as far back 
as the time of Henry VI. that this Order received its origin from the 
fair sex. Ashmole’s opinion was, that the Garter was selected at once 
asa bol of union and a compliment to the ladies. 

This Order was founded in honour of the Holy Trinity, the Virgin 
Mary, St. George, and St. Edward the Confessor. St. George, who 
had become the tutelary saint of England, was considered as its especial 

and protector. It was originally com of twenty-five 

ights, and the sovereign (who nominates the other knights), twenty- 

six in all. This number received no alteration till the reign of George 

' ILL, when it was directed that princes of the royal family and illus- 

trious foreigners on whom the honour might be conferred should not 

be included. The number of these extra-knights was fifteen in 1860. 

The military knights of Windsor are also considered as an adjunct of 
the Order of the Garter. 

The officers of the Order are a prelate, who is always the Bishop of 
Winchester ; a chancellor, who till 1837 was the Bishop of Salisbury, 
but is now the Bishop of Oxford, in consequence of Berkshire, and of 
course Windsor, being transferred to that diocese ; a registrar, who is 
the Dean of Windsor ; garter principal king-at-arms of the Order; and 
a gentleman usher of the black rod. The chapter ought to meet every 

on St. George's day, in St. George's chapel, Windsor, where the 
Fistallations of the Order are held, and in which the banners of the 
several knights are s' ded. 

The ori dress of the Knights of the Garter was a mantle, tunic, 
and capuchin or hood, of the fashion of the time, all of blue cloth ; 
those of the knights companions differing only from the sovereign’s by 
the tunic being lined with miniver instead of ermine. All the three 
| oregpe were embroidered with garters of blue and gold, the mantle 

ving one larger than all the rest on the left shoulder. The dress 
underwent various es, Henry VIII. remodelled both it and the 
statutes of the Order, and gave the knights the collar, and the greater 
and lesser George, as at present worn. The last alteration in the dress 
took place in the reign of Charles II,: the principal parts of it consist 
of a mantle of dark blue velvet lined with white taffeta, and a surcoat 
of crimson velvet lined with white taffeta ; a hood of crimson velvet ; 
acap or hat of black velvet lined with white taffeta, with an ostrich 
and heron plume; the stockings are of white silk, and the garter, 
which is of dark blue velvet, having the motto embroidered in gold 
letters, is worn under the left knee. The collar is of gold, of twenty- 

pieces, each in the form of a garter, enamelled azure, appended to 
which is “the greater George,” a figure of St. George encountering 
the dragon. The badge is a gold medallion representing St. George 
and the dragon, which is worn suspended over the left shoulder by a 
blue ribbon ; hence it is a form of speech to say, when an individual 
has been appointed a knight of the garter, that he has received the 
blue ribbon. There is also a star of eight points argent, St. George's 
cross in the centre gules, encircled with the garter, worn on the left 
“breast. The fashion of wearing the blue ribbon suspended from the 
left shoulder was adopted in the latter part of the reign of Charles II, 
It is not generally known that, from the first institution of the 
Order of the Garter to at least as late as the reign of Edward IV., 
ladies were admitted to a ork yan in the honours of the fraternity. 
The queen, some of the knights-companions’ wives, and other great 
ladies, had robes and hoods of the gift of the sovereign, the former 
garnished with little embroidered garters, The ensign of the garter 
was also delivered to them, and they were expressly termed Dames de 
la fraternité de St. George. The splendid appearance of Queen Philippa 
at the first grand feast of the Order is noticed by Froissart. Two 
monuments also are still existing which bear of ladies wearing 
the : the Duchess of Suffolk’s, at E , in Oxfordshire, of 
the time of Henry VI., represents her wearing it on the wrist, in the 
manner of a bracelet ; Lady Harcourt, at Stanton Harcourt, in Oxford- 
shire, of the time of Edward IV., wears the garter on her left arm 
above the elLow. 


the term gas, which has been uni- 


versally ado) to mere all such elastic 
fluids as not been rendered liquid or solid by reducing their 
tem . 

The experiments of Professor Faraday have however shown that 
elastic fluids which may be liquefied reducing the tem 

and in ing the pressure; are incl this definition. [Gasxs, 


LiquEFraction oF.] Still however there exists this 
ies in the elastic state :— 


gas will be stated under its proper head; thus it will appear that some 
gases are elementary or simple in their nature, while by far the greater 
number are compound ies; few of them exist in nature, but 

mostly the products of chemical en 
odour, taste, specific gravity, and solubility in water; they vary also 
in their effects upon the ani i 


That this is the case, has been maintained by Haycraft, and Marcet 
and Delarive, and some others; while Dalton, Delaroche and ka | 
Dulong and Dr. Apjohn, &c., are of opinion that equal volumes 
different gases have not the same specific hast acer sade 
cumstances. 

It would be useless to detail the processes or to describe 
apparatus by which chemists and physicists have arrived at such dis- 
cordant results. The experiments of Delaroche and Berard, which are 
in general most relied upon, though complicated, were made with gm 
care; they transmitted known quantities of gas, heated to 212° in a 
uniform current, through a calorimeter, the serpentine of which was 
surrounded big ore water, the pee Vd which, “" wel as of the 
gas at its exit, being ascertain uring the course 0} process 
very delicate thermometers. These chemists operated with a Sater 
able quantity of gas, and used other ations to avoid the errors into 
which other experimentalists had fallen. 

The following is a statement of the results obtained by Delaroche 
and Berard, Dulong, and Apjohn, of the specific heats of equal volumes 
of the gases mentioned, under equal pressures :— 


Delaroche 
and Berard. Dulong. - Apjohn, 
Atmospheric air 1°000 1000 1000 
Nitrogen . 1/000 1/000 1°048 
Oxygen . . "976 1/000 “808 
Hydrogen. ; +908 1/300 1-459 
Carbonic acid . - 1258 1,172 1195 
Carbonic oxide. . 1°034 1/000 996 
Nitrous oxide . . 1350 1:159 1193 


Dr. Apjohn observes that the numbers which he has arrived at 
sontenniaad tolerably well with those of Delaroche and Berard, 
in the case of lerbtgea; and he admits that he does not 
with much confidence of the numbers attached to nitrogen and 


Wise ard deine other peopiellia Wileh game posbae ka Gaal 
though they vary in degree. There is however one circumstance in 
which they all agree, whether they are elementary or compound, and 
whatever may be the difference of their specific gravity: they are sub- 
ject to suffer the same increase of volume, when subjected to the same 
increase of temperature. 

According to Dalton, when 100 volumes of air are heated from 32° 
to 212", they become 132°5 volumes; by Gay-Lussac’s oo 
they increase to 137'5 volumes; by Crichton’s to 18748: the expan- 
sion therefore of each volume, according to Dalton is ate, to Gay- 
Lussac ;}5, and to Crichton ss, for one degree of it’s ther- 


mometer. 
The discovery of this law has chemists with a simple rule 
for determining what the known of a gas at tem: ure will 


be at any other temperature, Su for example, it is desired to 
know what the bulk'of 100 oubio inches of ait ap 82° will be wt 60°} 
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subtract 32 from 480, the remainder is 448; to which add the degrees | not ‘ate according to their respective gravities, though they do 

above zero indicating the temperature of the air, these are 82° and 60°, | not combine. (Priestley’s ‘ Experiments, &c.,’ vol. vi. p. 391.) 

making 480 and 508. ‘Then say 480 : 508 :: 100 : 105- 832, the volume |_| These experiments were repeated by Dr. Dalton, and he inferred 

of the air at 60°. from them that the particles of one gas, though repulsive to each other, 
It is well known that air suffers diminution of volume in proportion | do not repel those of a different kind; and that one gas acts as a 

to ; vacuum with respect to another. If therefore a vessel full of carbonic 


temperature in estimating the quantity of gaseous products. 
The following are the rules for this purpose, given by Professor 
Faraday in his work on chemical manipulation :—“ A of 
30 inches of mercury, as observed by an accurate barometer, has been 
assumed as the mean height or barometric pressure, and volumes of gas 
observed at any other pressure frequently require to be corrected to 
what they would be at this point. For this purpose it is only necessary 
to compare the observed height with the mean height, or 30 inches, 
or diminish the observed volume inversely in the same 
Thus, as the mean height of the barometer is to the 
observed height, so is the observed volume to the volume required. 


z 


_ As an instance, suppose that 100 cubic inches of gas have been observed 


the barometer stood at 30°7 inches: then, as 30 inches, or mean 
, is to 30°7 inches, or observed height, so is 100, or the observed 

to a fourth ional, obtai multiplying the second 
third terms, and dividing by the first: thus, 30-7 x 100=3070, 
divided by 30=102°333 cubic inches; this would be the volume 
gas at inches of barometric pressure. Again, suppose a 
of gas amounting to 20 cubic inches standing over me: in 
level of the metal within being 3 inches above that without, 
barometer at 29-4 inches. Then the column of 3 inches 
mercury within the jar, counterbalancing 3 inches of barometric 
pressure, instead of being 29-4, the latter is effectively only 26-4, and 
the correction will be, as 30 inches is to 26°4 inches, so is the 20 cubic 
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uisite to make corrections both for tempe- 
same volume of gas, and it is of no con- 
which is made first. 


chemical analyses various other considerations arise in ascertaining 

the quantities of gaseous products; as for example, the separation of 

or making the requisite allowances for the moisture which they contain : 

for these, as well as for the various modes of collecting, transferring, 

; oa preserving various gases, we must refer to the very excellent work 
uoted. 

The solubility of gases in water is extremely various. Dr. Henry 

thought that the volume of each gas absorbed by water is the same, 

be the pressure to which the gas is previously subjected, but 

this has since been proved to be not strictly correct. the weight of 

carbonic acid gas be doubled by subjecting it to the pressure of two 

, water will still absorb its own volume of it. The 

table exhibits the volumes of each gas absorbed by 100 


volumes of water at 60° Fahr., and under a pressure of 30 inches of 


Absorption 
in Volumes. Authority, 
. . 450 Gay-Lussac. 

Sulphuretted hydrogen 366°6 Thomson. 
Chlorine . 200 Berthollet. 
Carbonic acid . 106 Cavendish, 
Nitrous oxide . 76 Saussure. 
Olefiant gas . 15°3 Saussure, 
Phosphuretted hydrogen ‘ 5 Thomson, 
Ni oxide . F . «-* 37 Dalton, 
Oxygen . © * . . 37 « Henry. 
Carburetted hydrogen . oY re 37 - Dalton. 
Azote . . . patie 25 Dalton, 
Carbonic oxide . . ers 2°01 Henry, 
Hydrogen . . . . 2 Dalton. 


It may be observed, that in general the more easily a gas is con- 
densable by cold and pressure, the more soluble it is in water : this 
ing the above statements with that containing 

‘araday liquefied various gases. For more 
on the solubility of gases in water at 
different temperatures, see Bunsen’s ‘ Gasometric Analysis,’ translated 


rae. Roscoe. . 
cprious gases, and.possessed by them in very different 
degrees, is that of their condensation by porous bodies, and especially 
by charcoal. [Canzon.] 


ume, ch 
continue diffused 


not, when mixed y spontaneously, but 
through each other.” This he proved to be the case 
that he w 
he was 
long remained 


experiments ; and more bee by one, in which he found 
able to explode hydrogen oxygen gases, which had 

, and which he justly argues must have been 

mixed, or he not have fired them by an electric spark, in a vessel, 


wires of which were at the top. He adduces this experiment to 
Eitowate tie" hot that the gases which constitute the atmosphere do 


acid be made to communicate with another of hydrogen, the particles 
of each gas insinuate ‘themselves between the particles of each other 
till they are equally diffused through both vessels, This theory ac- 
counts not only for the mixture of gases, but for the equable diffusion 
of vapours through gases and through each other. 

Another observation made by Dr. Priestley, and related with others 
of a similar kind (‘American Phil. Trans.,’ vol. v.), appears to have 
been entirely overlooked. He found that though a glass vessel was 
perfectly air-tight, yet if it had been broken, and the pieces joined 
with paint or cement, hydrogen gas contained in it would be changed 
for the external air. Débereiner has since remarked the escape of 
hydrogen gas by a fissure or crack in glass receivers. Professor Graham, 
in an elaborate paper on this subject, has shown that gases diffuse into 
atmospheric air and into each other, with different degrees of ease and 
rapidity, the lighter ones escaping most readily, so much indeed, that 
hydrogen escapes five times more quickly than carbonic acid gas, which 
is about 22 times heavier. [Drrrvston.] 

To Dr. Priestley also we are indebted for the important discovery © 
that can pass through membranes which are perfectly air-tight, 
and by this action he explained that of the atmosphere upon the blood 
in the lungs. In the memoir above alluded to he has also shown, that 
when a bladder containing h en is put into a vessel of oxygen, or 
one with oxygen into a v of hydrogen, the bladder and the vessel 
of gas both contain both gases, owing to the of the gases from 
and into the bladder. It is also stated by Professor Graham, that if a 
bladder, half filled with air, with its mouth tied, be passed up into a 
large jar filled with carbonic acid gas, standing over water, the bladder, 
in the course of twenty-four hours, becomes greatly distended by the 
insinuation of the carbonic acid through its substance, and may even 
burst, while a very little air escapes outwards from the bladder. This 
however he does not consider as a case of simple diffusion; the result 
depends, first, upon carbonic acid being a gas easily liquefied by the 
water in the substance of the membrane, and therefore the carbonic 
acid penetrates the membrane as a liquid; secondly, this liquid is in 
the highest degree volatile, and therefore evaporates very readily from 
the inner surface of the bladder into the air confined in it. The air in 
the bladder comes to be expanded in the same manner as if ether 
or any other yolatile fluid was admitted into it. Professor Graham 
further observes, that in the experiments of Dr. Mitchell and Faust 
and others, in which gases passed through a sheet of caoutchouc, it is 
to be supposed that the gases were always liquefied in that substance, 
and penetrates through it in a fluid form ; and it is also to be noticed, 
that it is generally those gases which are more easily liquefied by cold 
or pressure that pass most readily through both caoutchouc and humid 
membranes, 

Dr. Mitchell found that the time required for the passage of equal 
volumes of different gases through the same membrane was— 


1 minute with ammonia, 


24 minutes with hydrosulphuric acid. 
34 ” ” cyanogen. 
54s, yy». carbonic acid. 
Ob yg » nitrous oxide. 
274 yy »  arseniuretted hydrogen, 
28 9 »  Olefiant gas. 
rd eee »» hydrogen. 
113, sy —sOxygen. 
160 fe ys carbonic oxide, 
And a much longer 
time with . nitrogen. 


Tn concluding we may observe that gaseous bodies are of the highest 
importance, as connected not merely with the well-being, but even 
with the existence of animals: two of them, oxygen and nitrogen, form 
our atmosphere ; two of them, hydrogen and oxygen, constitute water ; 
oxygen united with silicon and various metals forms the greater part 
of the crust of our globe; and chlorine is one of the elements of 
common salt, 

GAS-LIGHTING, Chemistry of. The manufacture and consumption 
of gas for illuminating purposes is a process involving applications of 
chemistry at almost every step. There are, however, three distinct 
portions of the operation, the successful carrying out of which pecu- 
liarly require a knowledge of certain chemical principles: namely, 
Ist, the generation of gas: 2nd, its purification; and 3rd, its combus- 
tion for the production of light. We will, therefore, consider these 
points seriatim. 

I. Generation of Gas.—The generation of nearly all kinds of gas for 
illuminating purposes is a process termed by chemists destructive distil- 
lation, and consists in placing coal, or other similar substance, in close 
vessels heated to a temperature ing from a red to a white heat. 
In practice, the vessels used are generally retorts, constructed either of 
cast iron or clay. The organic substances thus heated consist almost 
entirely of the elements carbon, hydrogen ond oxygen, with small. pro 


~ 


20 GAS-LIGHTING. 

portions of nitrogen and sulphur, On exposure to the heat of the 
retorts, the hydrogen escapes partly ina free state and combined 
with the other elements, carbon, oxygen, nitrogen, and sulphur ; the 


acid gases ; 


ary compounds. Thus, portions of the carbonic acid, sulphuretted 
hydrogen, and cyanogen, unite with ammonia to form respectively, 
carbonate of ammonia, sulphide of ammonium, and cyanide of ammo- 
nium, After leaving the retorts, these volatile and gaseous matters 
are cooled down nearly to atmospheric temperature, when nearly 
all the rous matters condense, forming a liquid consisting of two 
layers, a lower one called tar [Coat Tar], and an upper one con- 
taining chiefly the ammoniacal compounds above mentioned dissolved 
in water. [Gas Liquor.) The permanently gaseous product of the 


operation is called crude or impure gas, and generally contains the 
whole of the following ingredients :— “ 
Name, Chemical Formula, 
Olefiant gas , . . . + C,H, 
Tiluminating ) Other hydrocarbons . : ate 
constituents. ) Benzole . ; . . + C\,H, 
‘ Other hydrocarbons . + . CnH(n-6) 
Light carburetted hydrogen . - C,H, 
Diluents . | Hydrogen ° . . $a 
Carbonic oxide : . . « CO 
Carbonic acid . + we COy 
Sulphuretted hydrogen. . . HS 
Impurities .< Aqueous vapour . : + « HO 
Ammonia , . . . . NH, 
Bisulphide of carbon . ‘ « « CB 


The total quantity of these constituents, as well as the relative pro- 
portions in which several of them are generated, depends greatly upon 
the temperature at which the distillation is conducted. Asa general 
rule, the lower the temperature the less gas is produced, but the 
greater is its illuminating effect when burnt. On the other hand, when 
a higher temperature is employed, a large yolume of gas, but of inferior 
quality, is obtained. 

Abstracting the impurities in the above list, it will be seen that gas 
contains two classes of constituents; namely—luminiferous consti- 
tuents, or gases yielding light on combustion; and diluents, or non- 
luminiferous constituents, which practically yield no light on 
combustion. To the first i Tae alone is the illuminating power of gas 
due ; but one, at least, of the non-luminiferous gases is Fog necessary 
in order to enable the first class of constituents to burn without smoke 
and consequent loss of light. The members of the first class are all 
decomposed slowly at a red, and rapidly at a white, heat, depositing a 
large amount of carbon in the solid form, and being resolved into non- 
luminous gases. It is therefore obvious that, in the process of gas- 

ing, more or less of these valuable constituents must be thus 
decomposed ; the amount depending, on the one hand, upon the length 
of time during which they are exposed to a high temperature, and on 
the other, upon the number of the particles of such constituents which 
come into contact with the heated walls of the retort. Two methods 
for the prevention of this decomposition present themselves. The first 
consists in the rapid removal of the gases from the retort, and the 
d in the dilution of the luminiferous gases, whilst still in the 
retort, by the admixture or injection of non-luminous constituents. 
The first of these remedies has been extensively applied in the form of 
exhausters, which greatly facilitate the escape of the gases from the 
retorts, whilst both remedial measures have been secured in White's 
ver of gas manufacture, in which a current of non-luminous gases 
made to sweep through the yetort,and thus rapidly remove the 
decomposable luminiferous constituents. This latter , however, 
though undoubtedly based upon sound philosophical principles, has 
not come into extensive use, owing to certain mechanical difficulties in 
ing it out, 
The objects to be kept in view in the generation of gas for illumi- 


nati are the following :— 
1 the tant of a due proportion of illuminating and non- 


illuminating constituents; so that, on the one hand, the combustion of 
the gas shall be perfect, and without the uction of smoke or 
unpleasant odour; and, on the other, the volume of gas required to 
—— a certain amount of light shall not be too great. For the pro- 
uction of an amount of light equal to that of twenty sperm candles of 
six to the pound, a consumption of gas greater than five cubic feet per 
ng wee not to be required. 
extraction of the largest possible amount of gaseous illumi- 
om bong proec from a given weight of materials. 


of the largest ible prapoie of hydrogen 
amongst the non-illuminating sonbiticeate to Se sacon at light 
carburetted h. and carbonic oxide, so as to produce the least 


amount of heat atmospheric deterioration in the apartments where 
the gas is consumed. 


CaQHO + HS = CaS + 2HO, 


Carbonic acid is 
basic carbonate, thus :— 


2(CaO HO) + CO, = Ca0 CO, + CaO HO + HO, 
~~ —s 


Basic carbonate of lime. 
In both these reactions water is set at liberty, which assists in 
absorbing and ing ammonia as mentioned above. ; 


When hydrated peroxide of iron is used for the purification of 
gas, the carbonic acid is totally unacted upon, but the ammonia is 
perhaps more completely absorbed than by the lime 
carbonic acid is either subsequently absorbed by slaked 
more frequently the case, it is suffered to remain in the gas, 
a considerable loss of light, but no additional nuisance to the consumer. 
The action of hydrate and peroxide of iron in re’ i" 
hydrogen consists in the formation of sulphide of iron, water and free 
sulphur, thus :— 


Fe,0,, 3HO + SHS = 2FeS + 8 + 6HO. 


The cost of hydrated peroxide of iron would effectually prevent its 
use, if, like lime, it were only once available for the purpose; but the 
peculiarity and value of this oxide as a purifying agent consist in its 
capability of revivification ;—that is, restoration to its original con- 
dition, or nearlyso, This is effected by simple exposure to atmospheric 
air, the oxygen of which is so mey absorbed by the sulphide of 
iron as to occasion considerable risk of ignition unless the supply of 
air be moderate, Hydrated oxide of iron is regenerated, an the 
sulphur previously combined with the iron is set at liberty in the 
following manner:— 

2FeS + 30 + SHO = Fo,0y, $10 + 38. 


il 


This alternate absorption of sulphuretted hydrogen and revivification 


might probably be carried on for an infinite number of times, were 
it not that free sulphur ultimately accumulates to such an 
extent as to , and 
sulphur therefore requires occasional removal either by distillation or 


As it reaches the consumer, 
even a trace of sulphuretted 
carbonic acid and invariably bisulphide of carbon, to w 
substance, giving as it does sulphurous acid on combustion, nearly : 
the annoyance experienced from the use of gas in dwelling-houses is 
due. In conclusion, sulphuretted hydrogen may be detected 
in gas by allowing a jet of the latter to blow upon a piece 
paper moistened with a solution of acetate of lead; the 
coloration of the paper shows the presence of sulphi 


to reddish 


a gas 
flame: if the condensed redden litmus paper this impurity is 
present. 

Ill, The combustion gas.—The production of artificial 
depends upon the ee hc ceapecho 


higher the temperature the greater is the 


fact, 
becomes luminous, The 


rapidly absorbed by hydrate of lime, forming & 


Nace abe is 


tly reduce the efficiency of the mixture, and the — 


is very rarely contaminated with 
hyd Mh it frequently sia = 


by allowing the gas to bubble through — 
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fntensity of the light emitted. The heat required to render matter | amounts of carbonic acid and the relative quantities of heat generated 
luminous in its three states of aggregation differs greatly. Thus, solids [oaks oD Prappteg sources of light each equal to 20 sperm catidles 
are sometimes luminous at comparatively low a: as | burning at the rate of 120 grains per hour ;— 
phosphorous and phosphoric acids, Usually, however, solids require a Carbonic Acta. Heat. 
temperature of 600° or 700° Fahr., to render them luminous in the Tallow 10°1 cubic feet 100 
dark ; and must be heated to 1000° Fahr. before their luminosity Was GGA y* re 1 
becomes visible in daylight. Liquids require about the same tem- Spermaceti  . 4. 3. op 82 

But to render gases luminous, they must be exposed to an Sperm oil (Careel’s lamp) .°. 64 4, 63 
Rectmeonty higher temperature; even the intense heat generated by London. gas 94a BO ig, 47 
the oxhydrogen blowpipe scarcely suffices to render the aqueous vapour Manchester gas» . » « 40 4, 32 
produced visibly luminous, although solids, such as lime, emit light of Liverpoolgas » «4 5» « 80 4 22 
_ ng Fo oes tee: ant ab eageet Bry this bee a Notwithstanding the great economy and convenience attending the 


the case of which when burnt in chlorine produces a light 
scarcely ; but, when consumed in the air or oxygen, emits light 
of intense brilliancy; in the former case, the vapour of chloride of 


phosphorus is produced, in the latter solid phosphoric acid. 


vapours possess this property of deposi solid 
bustion, but a few of be combinations a 9 tem 


animals, 
lid particles of carbon which they deposit in 
and which are the source of light, are entirely 


most stringent sanatory rules. 

The light emitted during the combustion of coal gas is due entirely 
the illuminating class of its constituents, which yield an amount of 
proportional to the quantity of carbon contained in a given 
volume ; thus, propylene and butylene yield respectively 50 and 100 per 


perform this office equally 
well; but if we com. Seopa g behaviour during combustion we shall find 
that in a sanatory point of view hydrogen is greatly to be preferred. 
The two Pong cia wal es ares Bribe against the use of gas in 
are, first, the heat w' it communicates to the atmos- 
3; and, second, the deterioration of the air by the production of 
carbonic acid. Now, in their action upon the atmosphere in which 
they are consumed, the above three diluents present striking differ- 
ences in these two respects. 
One cubic foot of light carburetted hydrogen, at 60° Fahr., and 30 
barometrical pressure, consumes two cubic feet of ox: during 
its combustion, and generates one cubic foot of carbonic ont, 5 yielding 
tac meaget erase Sele 14 oz. of water from 82° to 
212°; or causing a of temperature from 60° to 80°8° in a room 


Containing 2500 cubic feet of air. 


One cubie foot of carbonic oxide at the same temperattre and 
pressure, consumes eis combustion half a cubic foot of oxygen, 
Benerates one cubic foot of carbonic acid, and affords heat capable of 
cog, Beohgaa Sarre of 1 lb. 14 oz. of water from 82° to 212°; or 
oO _ ~saodred of air from ben to 66°6°, 

eu drogen at the same temperature and pressure, 

a a voc Reg of oxygen, generates no carbonic acid, 
yields capa! raising the opera of 1 1b. 13 oz. 
water from 32° to 212°; or that of 2 cubic feet of air from 


60° to 66°4°. 
shows the great advantage which hydrogen possesses 
diluents, especially over t carburetted hydrogen, 
Fok 4 very objectionable constituent, and shows that a 
purposes 


gas for should consist of illuminating 


As an ill od eden or to all others in an economical 
point of view, as oa the following table, showing 


tive cost of light various ual to 20 ate eek 
sources eq Sperm candles, each 
burning for 10 hours at the rate of 120 grains per hour: 
>. a d, 
Wax . . . . . . OM 24 
> Spermaceti . ’ . . . + 6 8 
Tallow . . . . . . - 2 8 
Sperm oil (Carcel’s lamp) . ° «4-110 
7h, mar eee DO 4} 
Manchester gas . . . +. 0 8 
eee es ee 2} 


the production of » minimum amount of carbonic acid 
is also greatly superior to other light-giving agents, as 
the following comparison, showing the absolute 


use of gas, and in a sanatory point of view, the high position which, 
as an illuminating agent, gas of proper composition occupies, its 
use in dwelling-houses is still extensively objected to. The objections 
are partly well founded and partly groundless. As is evident from the 
foregoing table, even the worst London eesppre for a given 
amount of light, less carbonic acid and Seat than either lamps or 
candles; but then, where gas is used, the consumer is never satisfied 
with a light equal in brilliancy only to that of lamps or candles, and 
consequently, when three or four times the amount o light is produced 
from a gas of bad composition, the heat and atmospheric deterioration 
greatly exceed the corresponding effects peices by the other means 
of illumination: but by using a gas of high illuminating power, like 
those of Liv: 1 or Manchester, it is evident that two or three times 
the light may be employed with the production of no ter heat or 
atmospheric deterioration than that caused by wax candles, or the best 
constructed oil lamps. 

But there is nevertheless a real objection to the employment of gas- 
light in apartments, founded upon the production of aitphatcies acid 
during its combustion ; this sulphurous acid is derived from bisulphide 
of carbon, which has already been referred to as incapable of removal 
from the gas by the present methods of purification, 

This impurity, which is more or leas encountered in all coal-gas 
now used, is the principal, if not the only, source of the unpleasant 
symptoms experienced by many sensitive persons in rooms lighted with” 
gas. It is owing to the sulphurous acid generated during the 
combustion of this impurity, that the use of gas is found to injure 
the binding of books, and impair or destroy the delicate colours of 
tapestry therefore the production of gas free from this noxious 
sulphur compound is at the present moment a problem of the highest 
importance to the gas manufacturer, and one which demands his 
earnest attention. 

As it is impossible for the consumer to procure gas free from this 
objectionable compound, the only method of obviating its unplea- 
sant and noxious effects, is to remove entirely the products of com- 
bustion from the apartments in which the gas is consumed, and thus 
prevent them from mingling with the circumambient air, This sug- 
gestion was first made by Faraday, who accomplished this object 
by his very beautiful and effective ventilating burner. This appa- 
ratus, which is used at Buckingham Palace, Windsor Castle, the 
House of Peers, and in many public buildings, may be truly said to 
have brought gas illumination to perfection; for not only are all the 
products of combustion conveyed at once into the open air, but nearly 
the whole of the heat is in like manner prevented from communicating 
itself to the atmosphere of the room, The only obstacles to the uni- 
versal adoption of this description of burner are its expense, and the 
difficulty of conveying the ventilating tube safely into the nearest flue 
without injuring the architectural appearance of the room, The public 
at large will therefore still await the removal of the objectionable 
compound in question, by the gas manufacturer, before they will uni- 
versally adopt this otherwise delightful means of artificial illumination. 
For the method of analysing gas, and for the chemical mode of deter- 
mining its illuminating power, see Gasomzrric ANALYSIS, Analysis of 
Coal Gas. 

GAS LIQUOR. In the manufacture of gas for illuminating pur- 
poses, by the destructive distillation of coal, certain liquid products 
are always obtained. Evolved from the heated coal in the state of 
vapour, they condense by the mere cooling of the gas, and then separate 
into two portions, the one having an oily character and constituting 
coal-tar (Coat-rar]; the other being water containing some matters in 
solution, and known as gas-liquor, or the ammoniacal liquor of the 
gas-works, 

The substances contained in this solution are ammoniacal gas, and 
the following compounds of ammonia with volatile acids ;— 


Carbonate of ammonia, 

Sulphate of ammonia, a 
Sulphide of ammonium, 

Chloride of ammonium, 

Ferrocyanide of ammonium, 


On account of the immense demand for ammoniacal salts by metal- 
lurgists, calico-printers, colour-makers, artificial manure manufacturers, 
and others, gas-liquor, although a secondary product in gas-manufacture, 
is of considerable comm value. The various methods that a 
knowledge of chemistry would s for the extraction and working 
of the ammonia contained in gas-liquor have consequently formed the 
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basis for much speculation, and many patents embodying those 
methods have been taken out, For some purposes it is sufficient to 
add hydrochloric or sulphuric acids to the crude gas-liquor, to well 
agitate the mixture, allow impurities 
isi int, and expose the crystals to a slightly elevated tem- 
aga © resulting salt is still of course very impure, but serves 
‘or the preparation of carbonate of ammonia by sublimation with 
chalk ; or certain portions of the impure chloride alone may be farther 
purified by sublimation. For p in which purer ammoniacal 
salts are desired, the ammonia is displaced from its combinations in 
gas-liquor by a stronger base, usually lime ; it is separated from the 
resulting lime-salts and impurities by distillatory processes, and its 
vapour condensed in water containing the acidswvith which it is wished 
to rene it. From these solutions the salts are obtained by evaporation 
an ion. 

For a list of, and details concerning the various patented 
for “the manufacture of ammonia and ammoniacal salts from the 
ammoniacal waters of coal gas-works,” see ‘ Pharmaceutical Journal,’ 
vol. xiii., first series, pp. 63 and 113. 

GAS, MANUFACTURE OF. There are few more remarkable illus- 
trations of the occasional stagnation of human invention for long periods, 
and of its subsequent feverish activity, than may be discovered in the 
history of artificial lighting. It is true that from a passage in Ammianus 
Mareellinus, in which he speaks of the towns in the time of Constantius, 
A.D. 353, and says that it was easy for conspirators to carry on their 
treason in them, “ubi pernoctantium luminum claritudo dierum solet 
imitare fulgorem,” it may be supposed that the ancients paid some 
attention to the lighting of their streets, but the most elaborate critical 


investigations, and the most careful observations upon the remains of | i 


antiquity, have failed to discover traces of any other system of lighting 
amongst the Greeks or Romans, than very rude oil lamps without 
chimnies, candles of very imperfect manufacture, torches, or open coal 
fires. The same methods of public and of private lighting were 
retained, without improvement, throughout the middle ages; nor was 
it indeed until about the end of the 17th century that anything like 

4 heed system of public lighting was attempted in any of the capitals 
of Europe. The first decided steps towards the improvement of this 
important detail of domestic comfort and public security, seems to 
have been taken under the guidance of M. de Sartines; for under his 
protection Laugrin introduced the reflector lamps, which were subse- 
quently improved by Quinquet; and finally Argand perfected the 
ordinary oil lamps, by the introduction of the cylindrical wick and 
chimney, with a double current of air. Letters patent for this inven- 
tion were granted on 5th January, 1787, but they were abolished during 
the French revolution of 1793. 

Whilst the methods of artificial lighting were thus slowly progressing 
in the beaten track, Mr. Murdoch was engaged in experiments on the 
combustion of coal and in 1792 he lighted his house and offices at 
Redruth in Cornwall, by that means. In 1798, Murdoch also lighted 
the shops of Messrs. Bolton and Watt at Scho with “ inflammable gas;” 
and in 1802 it appears that a M. Lebon proposed to light a portion of 
Paris in a similar manner. The Jesuits’ College at Stonyhurst, was 
amongst the earliest public institutions to adopt the “ new light;” and 
= be was et 4 re city executing this work that poets introduced 

m of purifying the by passing it ugh lime water ; 
this took place about 1807. ey the same year Mr. Winsor, who had 
taken a very conspicuous part in diffusing the knowledge of the new 
method of lighting, obtained permission to apply his apparatus to a 
few lamps in Pall Mall. The first act for the establishment of a gas 
company was passed in 1810, and under its powers the Chartered Gas 
Company commenced operations, in spite of the sneers of scientific 
men and the opposition of practical ones, It was not until the 31st of 
December, 1813, that gas lighting was employed on a large scale in 
streets, by the lighting of Westminster Bridge; and on April Ist, 
1814, the parish of St. Margaret’s Westminster substituted gas for oil 
throughout their district. About the beginning of the year 1820 
Paris imitated the example thus set ; and subsequently to that period 
almost every city of importance in England, and on the continent, has 
adopted the use of gas. The meter, for registering the consumption of 
gas, was invented in the year 1815 by Mr. Crosley, and since that 
period gas has been commonly applied in lighting private houses, It 
may convey some idea of the importance of the gas manufacture of 
London to state here that there are no less than nineteen companies 
established for this purpose, with a paid up capital of nearly six 
millions sterling. ~ 

The manufacture of gas is conducted upon rather different principles 
in the large establishments of such a town as London, from those 
observed in the majority of small country works ; and it will therefore 
be desirable to notice in detail the various processes of the manufacture, 
in order to explain some of the reasons for these icular variations. 
In so doing, the system to be observed is that of the ordinary course of 
manufacture ; or to discuss, 1st, the carbonisation and distillation of 
the coal; 2nd, the condensation and purification; 8rd, the storage of 
‘the gas; 4th, the distribution, under the sub-divisions of the mains 


and of the fittings; and 5th, the accessory buildings, or 

employed. The conditions connected with the discharge of the public 
service by private companies, or by municipal bodies, will form the 
subject of a special article (Pusiic Licutine], on account of the 
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Now the differences we thus find to prevail in the shape, dimensions, 


and materials of gas retorts, extend likewise to the manner of their 

ent in the same bed, as the assemblage of retorts heated by 
one furnace is called, According to the size of the locality to be 
supplied, 1, 2, 3, 5,7, or even as many as 12 retorts are fixed in the 
same setting, though it is very questionable whether any real advantage 
be gained by exceeding the number of 7 or 8. The advantage of 
plecing several ators in as bed, Re Sear se they require, under 
such circumstances, less fuel to bring coal to the required 
temperature, there must be a point at which the increased cost of 


labour, from the difficulty of drawing (or removing the carbonized 


from the upper retorts) must balance the economy of 


2 


fuel. j 


then that seven or eight retorts in a bed are the most convenient 


economical arrangement in works, the pevting ‘of the retorts in 


small works would be regulated on the calculation 


D retort will yield a fair working result of from 2500 to 2700 cubic feet 
per day ; the number of such retorts in a bed must be regulated 

to the size of the town and its consumption of gas, so as to 
have the smallest possible number of furnaces alight at the same time, 


course of proceedings, however, and in 


character of the foundations upon which the retort beds are placed 


tever be the shape of the ordinary retorts 
those in which no attempt is made to obtain m 


exposed end of the retort a mouthpiece, to which 


rising or stand-pipe, or the pipe through which the 


from the interior of the retort into the hydraulic main, to be descri 


hereafter. As this mouthpiece is frequently exposed 


it is made of cast iron, even when clay retorts are used; and i 
two ears which receive the ends of the lids, or covering- , an 


cross-bara used for fastening the lid (by means of 
threaded screw) to the mou The im 


bearing surface with a lu com 
purifiers (when that material is used) mixed with 
pipe is usually formed in a separate casting from the 
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it is bolted on to a species of saddle formed to receive it; the diameter 
at the bottom, in ordinary retorts, being generally about 6 inches, 


aaa 


es 


j 


In such cases the length of the stand-pipe is 
10 feet; but the number of retorts in a bed must naturally 
i i top of it there is fitted one end ofa 
bent pipe, known as H-pipe, or the bridge-piece, which by its 
end is connected with the descending pipe, and by it with the 
in; er end of the descending pipe being carried 
three inches below the surface of the water and tar of the 
us converted into a species of hydraulic seal, to prevent 
the gas to the retort after it has once risen through the 
H-pipes bear at the top a moveable cup. 
is a species of iron trough, rather more than 
with water, which is sometimes carried on columns in front 
i the retorts, but is, generally speaking, placed a 
the retort setting, so as to allow of its being 
from the same. Whether the hydraulic main be within or 
the front line of the retort beds, it must run from one end of 
retort house to the other; and under any circumstances it must be 
sufficiently high to allow good head-room beneath it, and to 
irect action of the flames which escape when the 
are being charged. The dimensions of the main must be suffi- 
to contain the quantity of tar and water which should be able to 
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close the immersed ends of the H-pieces when the mouthpieces of the 


that period the pressure of the gas into the 
rise in the pipe to a point depending upon 
Another condition to be observed in the con- 
struction of an hydraulic main is, that the exit pipe should be placed 
above the surface of the tar, in order to prevent any interference with 
gas to the condensers. A small outlet pipe is 
inserted at the ends of the main, oe wae the Seataliss te Rows 
into the tar cistern ; the lower end of this overflow pipe must be care- 
fully sealed, in order to avoid any oypicled, hee ae. ope 


It would perhaps be dangerous in a gen escription of the process 


os Fame to attempt to lay down the laws for the construction 


dimensions of the furnaces and flues required for the purpose of 
ite tem for the distillation of 
the coal; because the varieties in the ions of the retorts and of 
the materials employed in their construction, as well as of the fuel 
used for heating the retorts, render it to introduce many 
modifications in the furnaces. The object to be attained is, to heat 
retorts to a uniform cherry-red heat, in the interior; or to 
retorts to a white heat, with the smallest possible expendi- 
el; and, after all, much must be left in these matters to the 
the operative engineer who fixes the work, It is 
ATS AND BOL, DIV. VOL, IV. 


usual, it may be here added, to calculate that, when retorts are heated 
by the waste coke of the gas factory itself, about from 25 to 35 


tbe 


cent. of the coke made is burnt under the retorts. Sometimes tar 
is burnt in the furnaces; but as the local markets for the residual pro- 
ducts of gas-making constantly vary, it is not advisable to attempt to 
discover any general law in respect of the nature of the fuel, any more 
than it was in the case of the size and details of the furnaces and flues. 
The mode of charging the retorts is another detail of the service of a 
retort house in which many differences prevail ; for in small country 
works, where it is important to keep down the outlay for labour, the 
stoker is made to charge the-retorts by means of a shovel; whereas, in 
large works, the whole of the charge is frequently placed in a scoop, 
and is inserted in the retort at once: the object to be attained in 
either case being to distribute the coal for distillation in a uniform 
coat of about 5 inches in thickness all over the bottom of the retort, 
and to leave the mouth open for the shortest possible time, in order to 
avoid any unnecessary lowering of the temperature. There are, in 
fact, few details in the process of gas-making of equal importance to 
the regulation of the temperature of the retorts, and it is impossible to 
call the attention of the workmen too forcibly to the subject. If, for 
instance, the heat be maintained for any length of time at a very high 
point, the retorts will be burnt out rapidly, and the proper quantity of 

per ton of coal will not be obtained. If, on the other hand, the 
Treat of the retorts be too low, a large quantity of tar will be formed, 
the quality of the gas will be inferior, and the rate of distillation will 
be protracted. When the temperature of the retorts is properly regu- 
lated, and the quality of the coals used is of an ordinarily good descrip- 
tion, it may generally be calculated that a ton of coals will yield 
between 8700 to 9300 cubic feet, measured by the station-meter before 
being into the gas-holder. 

2. m the hydraulic main the gas passes at an average temperature 
of 120° Fahr. into the condensers. The condensers in the best modern 
works are formed by means of a series of vertical pipes, whose lower 
ends dip in water for the purpose of arresting the passage of the tar 
carried over, and which are connected by a second series of inclined 
pipes passing from the bottom of the first vertical pipe to the top of 
the second pipe. In its passage through these pipes the gas parts with 
some portion of its heat by radiation (and therefore the diameter of the 
vertical pipes should be made as e as possible) until at last, at the 
final exit pipe, the gas is lowered in temperature to about 60° (but 
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never below 45°). After leaving the condensers, the gas sometimes 
passes into the scrubbers, which usually consist of a series of shelves 
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covered with screened porous coke; and the gas, passing through these 
materials, and being in its passage exposed to the action of a stream of 
water filtering constantly through the coke, with the remaining 
portion of its tar and a Snigmpriape! regen of the ammonia it holds in 
solution. In large works, what is called a washer is often used instead 
of a scrubber, and in it the gas is made to pass through a solution of 
muriate of ese, whose action upon the ammonia is the same as, 
or even ee ual — ban of eck scrubber. From thence the ca 
passes into the purifiers, where the sulphuretted hydrogen, and many o 
the remaining ammoniacal elements ft may snr are ‘liminated, 50 
that on leaving the purifiers the gas is fit to be through the 
station-meter into the gas-holders in a state adapted for household con- 
sumption. Asa general rule, the exposed surface of the condensers 
should be in the proportion of 150 feet superficial to every 1000 feet of 
gas operated upon; but every description of coal will require a special 
treatment in this ; because the more highly bituminous coals, 
for instance, part with the tarry matters volatilised in the retorts with 
more difficulty than do the ordinary coals ; and it is desirable to retain 
as much as possible of those matters, provided that they be not 
exposed to deposition at any time in the course of their passage 
through the distributing mains. 

When the gas leaves the condensers it usually contains impurities, 
consisting of about 1} parts of ammonia, 8 parts of sulphuretted 
hydrogen, and 25 parts of carbonic acid in every 1000 measures of 
the gas, according to the author of the very re’ ble on the 
; a = re a, a in the age ae 3rd co of ped 

of Gas Lighting.’ For the purpose of removing these im- 
purities it would appear that the most theoretically ect course 
would be to pass the gas, firstly, through either the sulphate, or the 
muriate of lime, and then to pass it through the pure hydrated lime 
in powder. It happens, however, that some of the iinpurities which 
are retained by these forms of lime, namely, the hydro-sulphate of 
ammonia, and the hydro-sulphate of lime, are either extremely volatile, 
or are susceptible of decomposition on exposure to the air ; and under 
such circumstances their removal from the purifiers, when the lime 
itself has been saturated, gives rise to so great a nuisance that in 
crowded districts, or in the centre of towns, it is necessary to i 
some other material than lime as the basis of the purification. th 
for this purpose that metallic salts have lately been introduced ; and 
in some of the most scientifically managed works (as at Liverpool for 
instance), the process adopted within a very recent period, has been 
deacribed as being as follows: “Common green copperas (sulphate of 
iron) is put into a mill, alittle water being added to make it into a pasty 
mass. Slaked lime is then added, in the of one part of lime 
to two of copperas, with water sufficient to make the whole, when 
ground together, of the consistency of a stiff paste. In this state it is 
removed, and cut into pieces with a spade, and as it dries it forms a 
powder which consists of sulphate of lime and h: sesquinoxide 
of iron. The powder, after being sifted is put into the 
where the oxide of iron becomes reconverted Tato sulphuret of iron; 
and cages. oF anes to the air becomes reconverted into oxide 
of iron a deposition of sulphur in the mass, This process is 
repeated about 28 times, and then it is found, that owing to the 
accumulation of sulphur, the same material cannot again be put into 


purifier, | directed 


58 


; 
aft 


z 

F 

i 
star 


HH 


even sheet of, at the most > 
working of the lime depends, may be observed, on evenness of 
rod, or; Ent he ee eee ee use is that it 
expose a surface to the gas i Generally 
, it is cale that one bushel cron dy fe oil hn 
ed, spread over a surface of 25 feet, and suffice for the — 
purification of 10,000 cubic feet of castle coal gas, In the oxide 
of iron purification, a greater surface than when lime only 
is used ; but the proportion usually adopted make the area of the 


purifiers such that they should present a surface 
to every 150 cubic feet of gas they are intended 
diameter of the connecting pipes is made in inches, eq 
root of the area of the i i cial. 

lime purifiers is now so uni i 
to enter into a description of the mode of forming 
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being steeped ppl A Bowers illed water, one of 
She fede teats for ‘sulphurebtad hetromeas Flys seine <ychar nds 
engl ie eke Se ee the gas in the of the series of 
purifiers. Sometimes papers steeped in a solution of the nitrate of 
silver are used as tests of the purity of gas from sulphuretted 
ayeeee Test papers of litmus are used to detect ammonia, 
carbonic oxide. 


It may be as well here to add that the order in which the 
made to Nall geval and the scrubber, is frequ 
reverse of the one descri above ; and in small works the use 
scrubber is often entirely nsed with. 

8. The first operation which it is desirable to adopt in the storeage 
of gas, is to pass it through the station meter, in to be able to 
control the working of the retort house, and to check ro’ the con- 
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ees. on, must vary in a marked degree with the circumstances of : 


It 
however, by no means rare to find that the loss, known in gas-working 
accounts, under the name of “unaccounted for gas,” amounts to as 
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ee 
: The gas holder is a wrought-iron vessel, either of one or more 
Mu lifts, acco to the nature of the locality (but wherever it is 
, 0 one), which should be made large to hold one 


A 


if 


inlet pipes; the discharge taking 
governor, by the mere weight of the holder. The pressure 
a holder is ascertained by the formula p = —7- 
as 
= the pressure in inches (of a column of water); w= the 
fede’ Ge poonds; bad’ & the aceh of the water 
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surface in feet ; the constant 5-2 is the weight in pounds of a super 
ficial foot of Niet inch thick. The efiluent anaes is found by 
the formula p = so in which p and w represent as before the 
pressure and weight, and d = the diameter of the holder in feet; the 
constant 547 representing the weight of a column of water in inches, 
of the area of the holder. Strictly speaking it would be neces: to 
allow for the levity of the gas, and for loss of weight in the sides 
of the holder as it may descend; but these considerations are 80 
habitually neglected in practice as to justify the reference of the 
practical student to Clegg’s ‘ Practical Treatise on the Manufacture of 
Coal Gas,’ for further details, 
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4, The distribution of gas is effected by means of cast-iron mains, 
in all cases where their diameter exceeds 2 inches; and indeed in all 
cases where the pipes would be to the action of moisture it 
is preferable to employ cast, rather than wrought, iron for street 
mains, even at the risk of employing larger ones than would theoreti- 
cally be required. The service pipes, or those through which the gas 
is led into the consumer's meters, are, however, ost always of 
wrought iron when the diameter exceeds half an inch; below that 
dimension they are either made of tin or of composition, on account 
of the greater facility with which they can be bent to the abrupt 
curves frequently required in house fittings. The joints of the cast- 
iron pipes are usually of the description known as socket-joints ; those 
of the wrought-iron pipes are of the description known as screw- 
couplings ; whilst those of the smaller pipes are made by soldering in 
the ordinary way. The wrought-iron services are tapped and screwed 
into the cast-iron mains, and the composition pipes are joined to 
the wrought-iron ones by means of a brass screwed end, which is 
run upon the composition and fits into a female screw on the service 
pipe. ; 
Before describing the laws which are now admitted with respect to 
the flow of gas in pipes, it may perhaps be advisable to make some 
remarks upon the quality, and the mode of manufacture, of gas mains ; 
because the economical results of any operation of this description 
must, after all, 'y depend upon the manner in which those mains 
disc! their functions. It has been stated above, that the “ unac- 
counted for gas”’ frequently amounts to as much as 20 per cent. of the 
total quantity made; and as very probably one-half or one-third of 
this loss is to be attributed to the permeation of the gas through the 
mains, it becomes a matter of serious importance to prevent such a 
loss. The principal difficulty lies in this case, as in so many other 
practical ones, in the prices of the various goods considered; and gas 
companies are too often tempted to use cheap porous pv obtained 
from first runnings, rather than incur the expense of sound second 
runnings, This is a very mistaken economy ; and it may be laid down 
as a rule in these matters, that no gas mains should be allowed to be 
made in any works where a blast furnace exists; all mains should, in 
fact, be made from second runnings, and under the immediate inspec- 
tion of the engineer of the gas-works; and they should all be cast 
vertically, with a requisite length of feeder to ensure the solidity of 
the metal. The very conditions of manufacture of wrought-iron pipes 
render them less likely to be 1us than cast-iron ones frequently are ; 
but the cheap composition pipes are so fearfully defective, that the 


| greatest precautions should be taken in their application, and none but 
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the most respectable and most experienced gas-fitters should be em- 
ployed. No doubt tay eee accidents recorded, of explosions 1. 2. 3. 4. 5. 6. | 
in houses, are to be | ted to the use of inferior composition iaah’ I'pek: aecita ad tie Tl Sek, na | 
service-pipes for the distribution of gas, 9 3 eT ia + 24 2 6 2 

In the dimensions of the mains of a distribution it is 2} 2 0 2 10 | 6 
to be observed, first, that there is an economy of working expenses, 3 3 T Ve Oe 3 9 1 1b 
in making the mains rather larger than would theoretically be required 4 3 1 1 m4 4 9 { 
to deliver the quantity of gas they are originally intended to supply ; 5 3 4 3 24 5 9 ig 
because, in such a case, the might be made to work under a 6 3 3 &33 6 9 
diminished ure, and thus the leakage would be diminished. The 7 E 3.0 M4 7 9 2 6} 
diameters of the mains are to be ascertained by dividing the district 8 By |- 8, Sea; 8 9 
to be supplied into certain sub-<districts, according to their relative = 2% 4 : : 7 + ; 3 0 
consumption, and then applying the formule v= PET ; and 4 2 i , oe 4 ; } 37 

8 ; ‘ 
p= Pra the former for the purpose of determining the velocity of Table IL, Showing Diseh ; 
the gas due to a certain pressure; and the latter, the pressure for a : “ 
given velocity. In these formule, p= the pressure ; v= the velocity; | \| piameter. | Cubic Feet || Diameter, | Cubic Feet |) Diameter. | Cubic Feet 
g= the force of gravity = 3219; s = the weight of a cubic foot of Inch, per hour. || Inches, per hour. || Inches. | per hour. 
the gas in unds; but no attention is paid to the retarding effects of | i 
friction in the mains, or to those produced by bends, or other incidental 90} 3 | 4500 9 40,500 
causes. Taking the friction alone into account, it has been considered 160 / 4 8000 10 50,000 
that the total pressure at the end of a pipe may be represented by the aa } 4 | ines 12 72000 
1 e eee 1 500 || 7 24,500 : 

formula p= (z,+mt=) sv*; in which the new terms, M=a co- 2° 2000 || 8 =| 83,000 


efficient determined by experience to be = ‘00011; J = the length of 

main; ¢ = the inner circumference of the pipe; and @ = its area. 
Clegg enters at length into the mathematical reasoning on this subject ; 
and the reader is referred to his work for further igre upon it; pe 
it may suffice for present purposes to state that he finally quotes, for 
ascertaining practically the quantity discharged by a pipe, the formula 


= 1350 @ \/M4; in which Q= the quantity sought; d =the 


diameter of the pipe in inches; A=the working pressure in inches; 
2 = the length of the pipe in yards ; and s = the specific gravity of the 
gas compared to that of eng pee air as unity. Provided the radius 
of the bends upon a length of main pe ase, Soret is little necessity 
for taking them into account; indeed the simple precaution of 
making the diameter of the pipe rather larger than would theoretically 
be required, would obviate any necessity for so doing. 

Under any circumstances, when a town is characterised by great 
irregularities of level, it is desirable to insert, upon the leading mains, 
species of receivers provided with X pean at the points where the 
marked changes of level occur. hen, on the contrary, the town is 
(like those of Holland) nearly upon a dead level, and close to the 
water-line of the district, it becomes ni to insert numerous 
syphons in order to relieve the mains of the tar and other liquids 
which may find their way into those mains; and.in towns of this 
character it is desirable to give an inclination of about 1 in 600 towards 
the syphons, It is of course n to maintain an efficient seal in 
the syphon box, and to provide a discharge pipe to draw off any 
excess of tar or water. Another detail of pipe laying, which requires 
to be considered, is the position of the valves to be placed for the 
purpose of shutting off the gas during the repairs of the mains. These 
valves must be placed so as. to interfere with the service in the 
smallest possible degree; but no definite rule can be laid down in any 
ee eee nehiy ay e 

yi e@ pipes great care sho’ exercised in forming a 
regular ot inscecanitls bed, and in rigidly adhering to the rates 
of inclination prescribed. As a general rule, the pipes for convey- 
ing gas may be laid at the depth of 2 feet from the surface; but 
of course the latitude of the locality considered may render it advis- 
able to modify this law. If oy eee be laid in the 
same street as the gas-pipes, the latter must be kept as far from them 
as possible, and under any circumstances they must be placed above 
the water-pipes; serious accidents have indeed occ’ from the 
neglect of these precautions, for occasionally the gas has found its 
way into water-pipes, by the singular action known by the names of 

and exosmose, and explosions have taken place at the outlet. 
The greatest ible care should be taken in laying the mains to 
ensure the tightness of the joints, as it is at such places that the gas 
most commonly escapes, 

The following tables may be considered to represent, first, the 
dimensions and weights of gas-pipes of various diameters; and 
secondly, the quantity of gas which pipes of the respective diameters 
is deliver, under ordinary circumstances, with the pressure of 


Table I, Dimensions and Weights of Pipes. 


Column No, 1 represents the diameter in inches; No. 2 the number 
of belts in the length of pipe; No. 3, the thickness; No. 4, the mean 
weight of each pipe; No. 5, the tolerated deviation of weight of 
each pipe; No, 6, the net length of peo a 3a No. 7, the ordinary 
’ aa laying and jointing, without earthworks, calculated per yard 


would find it desirable to use regulators a 
of 


less frequented districts, the distance asunder of the posts (measured 


as before) va f be carried, without inconvenience, even to 60 
The height of the flame in the'lamps should be about 12 feet 
the ground line, 

In private houses, the character of poem ¥ and the quantity of 
gas burnt to light a given space, depend so much upon the taste of the 
consumer, and the details of the burners are to such constant 
changes from the whims and fancies of the 


quantity; because the effect of artificial light diminishes in 
nearly of the square of the distance from its source. Of the various 
kinds of burners used, the ordinary Argand burner seems, quantity of 
for quantity, to be the most convenient and the most economical, 
e bats-wing burners are the next in the order of relative ; 
and the fish-tail burners the last. The so-called solar lamps are 
admirably adapted for lighting large rooms, wherein it may not be 
desirable to distribute the sources of light, or wherein it is desired to 
establish an active upward ventilation ; but they are expensive, and on 
account of the heat they evolve, they render it necessary to adopt 
certain precautions in the construction of the building. 
Whatever description of burner be used, attention must be paid to 
regulate the escape of the gas, in such wise as to prevent its 
with too great a pressure, because 
the gas would only be partially burnt, and would thus cause much 
smoke. As to the asserted injury to furniture, books, &c., from the 
use of gas in dwellings, it is curious that in an old French work, pub- 
lished at Lausanne in 1770, precisely the same accusation was brought 
against the use of coal in fire-places as is now bi it against gas; 
and the inference to be drawn from this tale is, certainly the 
latter cannot be at fault, whilst probably there may be in 


both cases. The heat of gas is also at times objected to, but if the 


same amount of light were obtained By, Soy Other method of Sa 
ren aloes Gregpe excoseta Bos ; and in either case atten- 
tion is req’ to ensure an efficient ventilation. This is the more 

from the fact, that by whatever means artificial is 
° , its brilliance can only be secured by the of 
oxygen; and therefore it is essential that an ample of air 
should be introduced to maintain the combustion, no other 


purpose. 
A great deal of attention has lately been directed to the question of 
meters, and a ial act of parliament has been (22 & 23 
ict. c. 66) to te them. It may suffice here to say that meters 
are of two sorts, dry or wet; and that the latter work satisfactorily, if 
kept properly filled, for a longer 
em, however, must now be 
should only have a range of error of 2 the 
mathematical quantity indicated ; and if the compensating meters 
be used, there need a hh te ahah if 
part of the gas companies, It is usually calculated the 
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from its friction equivalent to 
about one-tenth of an inch, [See Merers, WaTER AND Gas.] 


5. The accessory buildings required for a gas factory, in addition to 
those required for the station meter and the governor, are merely 
those for storing the coal, for receiving the fresh and the 


ld be placed at any distance from the source of supply 
“of fuel, the size of dsorcoal abet pacuidk ha tends’ gutichect to contain 


for it is decidedly the interest of the maker to sell it at once; and the 
area eines Le keeses ewr ae poms, oe account of 
its inflammable nature. The li also do not require any great 
ee oui be weathergxnot 


wasting fuel. Lofty 
chimneys are usually mistakes in gas-works, and it is a common maxim 

practical engineers, that the profits are in the inverse ratio of 
ee a mney. In fact, in an open pyres; height of 45 


fittings ; for the country companies in many cases are obliged to retain 
this branch of trade in their own hands, in order to secure its proper 
execution, Sometimes a board-room, and a meeting-room, are also 


The operation of testing the quality of a gas, with respect’ to its 
illuminating properties, is an operation of so delicate and so important 
a nature, that it may be desirable to dwell a little upon this part of 
the science of Photometry, at least so far as may be necessary to 


pe its ordinary application in commercial affairs. 
1 end pai upon which the photometers in general use are con- 
, are upon the law that “ the power of a luminous body 


” to light a pr] space is directly proportional to the intensity of the 


light itself, and inversely proportional to the square of the distance of 
the point of observation from it ;” and its application is obtained by 

rt eet re Ce enron to compere, tp alin 
When respective sides o! bac Eat trae f translucent body. 

the illumination of the exposed surfaces of the latter is equal, 
that is to say, when neither of these faces possesses a greater degree of 
1 i the other, the illuminating powers of the sources of 
light to the interposed body are said to balance one 
another. If one of the sources of light be a lamp, or candle, 
possessing known illuminating properties, it is easy to calculate the 
the other, in terms of the power of the standard, 


i candles, or the Carcel + eg Sh. England, the standard 
adopted is the spermaceti candle, ing 120 grains per hour ; 
in France, the standard is frequently the Carcel lamp, burning 42 
grammes (2'4 oz.) of rape oil per hour; and when the light of either 
of those illuminating bodies is to be compared with gas, the latter 
must be admitted in certain definite quantities (usually about 5 cubic 
aay ae) hour), and under a carefully regulated pressure. 
‘thin partially illuminated screen above referred to, in the 
Bunsen photometer (the one usually adopted with various modifications 
, presents a surface which is white, but nearly opaque on 
perfectly translucent in the centre. The pré- 
disk is a matter of great delicacy, for the translucent 
differ as little as possible in colour from the rest of the 
when the illumination of its sides is equal. Dr. Fyfe, and the 
of English makers of photometers, use cream-coloured writing- 
and they mark the translucent centre covering 
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in the middle of a cy’ shade, blackened on the inside: and it 
‘worked upon a bar graduated so as to express at once the value in 
_¢andles and decimal parts of candles, of the legal standard, of the light 
experimented upon. Great care ought to be taken to exclude any 
extraneous rays of light derived from reflection from the sides of the 
room, or from the surface of the graduated bar; so that, in fact, none 
but the direct rays from the respective sources of light should be 
allowed to im upon the screen. The length of the bar in Wright's 
photometer is about 100 inches; in Church & Mann's it is 
considerably less ; and, indeed, for some reasons the latter instrument 
seems to be the most convenient one of its kind. 

_ _It is curious that notwithstanding the importance of the oj 

of photometry, in many cases of disputed contract, no attempt has been 


made to ascertain the limits of what M. Quetelet calls “the personal 
equation of observation” in them. The powers of every individual 
to appreciate degrees of luminosity differ, more or less; and the singular 
discrepancies in the results of the recorded observations on this subject 
sy be to some extent accounted for on this ground. 

series of tables of the illuminating powers of the gas obtained from 
the coals generally used in England, will be found in the new edition 
of Clegg ; a book which, by the way, entirely supersedes all other works 
upon the subject. In the same work there are some equally interesting 
tables of the composition of the various coals themselves, and a valuable 
chapter upon the modes of dealing with the residual products of the 
manufacture of gas, The reader is, therefore, referred to Clegg’s 
* Practical Treatise on the Manufacture of Coal Gas, 1859; to 
D'Hurcourt’s ‘ Traité de 1’ i au Gaz, 1845; Peckston, ‘On the 
Theory and Practice of Gas Lighting,’ 1823; and Accum’s ‘ Practical 
Treatise on Gas Light,’ 1815. In the ‘ Journal of Gas Lighting,’ a vast 
amount of useful practical and theoretical information may be found 
on this subject ; and likewise in the ‘ Practical Mechanics’ Journal.’ 
The latter, particularly, contains some elaborate articles on the various 
systems introduced by Mr. Bowyer, of St. Neot’s, for the purpose of 
applying gas on a suitable scale for the economical lighting of small 
towns, even of private houses. Some notion of the national im- 
portance of the gas industry may be formed from the fact that there 
are in existence in the United Kingdoms about 1000 gas companies, 
and that it is able to support special journals, not only in England, 
but also in France, Germany, and the United States. < 

GASES, COLLECTION OF, The collection and preservation of 
gases form a class of chemical operations so essentially distinct from 
those employed in manipulations with the other two forms of matter, 
that it will be useful to describe them in a separate article, 

The chief difficulty to be overcome in manipulations with gases is 
their diffusibility or tendency to mix with atmospheric air, a property 
which gases to such an extent that comparatively few substances 
are capable of entirely resisting the of gaseous matter through 
their pores, This diffusibility renders the collection of gases by dis- 
placing one gas, contained in any vessel, by means of another, always 
an imperfect and frequently an impracticable operation ; nevertheless, 
where the two gases differ considerably in specific gravity, and when 
absolute purity is not required, this process may sometimes be resorted 
to with advantage. 

Collection of gases by gaseous displacement.—In this process the gas 
pe mere is always atmospheric air, and in order to apply it success- 
fully it is that the gas should be generated in a copious 
stream, and it is also desirable that its specific gravity should differ 
considerably from that of the atmosphere. Tall and narrow glass 
cylinders or bottles are best adapted for this purpose. If the gas to 
be collected be heavier than air, the jar in which it is received must be 
placed with its mouth upwards, and the tube conveying the gas must 
terminate at or near the bottom of the jar, asin fiy.1. If, on the 
other hand, the gas be lighter than air, the jar must be inverted, and 


Fig. 1, Fig. 2. 
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the gas delivery tube must reach as before to the closed end of the 
cylinder, as in fig. 2. 

A modification of this method is frequently employed in the collec- 
tion of gases for analyses, where a high degree of purity is indispensable. 
The gas-delivery tube is connected with a glass tube or series of tubes 
drawn out at both ends, as shown in jig. 3, and the current is con- 
tinued until the last traces of air are expelled, an operation which is 
facilitated by connecting the extremity where the gas is issuing with a 
long caoutchouc tube, which prevents the retrogression of air by 
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diffusion. ‘When the cnrrieh Mit Sag eee ee eet ee 
of time it is interrupted, and the tube is rapidly sealed up h iy; 
by the application of a mouth-blowpipe flame to the narrowest 


portions, a a, 
Collection of gases by dis; of water.—This gh far the most 
common in use, although without great care the employ- 


ment of recently boiled water it is impossible to preserve the gas free 
from admixture with air, because all gases being more or less soluble 
in water, a transference of the gas into the air, and vice verad, is con- 
stantly taking place through the confining liquid, The most simple 
mode of collecting gases by this process consists in sear ay jar, 
such as that shown in fy. 1, eats ti inverting st ae a 
pneumatic trough, and then bringing the extremity gas delivery 
tube beneath the mouth of the jar; the gas then bubbles through the 
water, ascends into the upper part of the jar, and displaces the water 
with which the latter was cueger J filled. 
Larger quantities of gases arc collected in gasholders, or gasometers, 
by this method. Jig. 4 represents the gasholder most generally em- 
Fig. 4. ployed for experimental purposes. It con- 
ee sists of a cylindrical copper vessel, closed at 


top and bottom, and at about 6 inches above 


’ 


it a second shorter a at top, is 
fixed uporsuitable supports. The two cylin- 
ders are connected by means of two tubes, 
m, », furnished with 3 m passes 
nearly to the bottom of the lower cylinder, 
whilst » terminates under its cover. At / 
there is also a stopcock and short tube, and 
at i there is a larger orifice which can be 
securely closed by means of a screw-plug. 
To use this gasholder, the plug i must be 
screwed into its place, all the stopcocks 
opened, and water poured into the upper 
cylinder. The water will descend through 
the tube m, and expel the air from the lower 
cylinder through the stopceocks, n,/; when 
water issues from the latter, the lower cylin- 
der is filled : m,n, and / must now be closed, 
and the screw-plug, i, being removed, the 
apparatus is ready for the collection of gas. The tube voenile re the 
latter must be inserted into i; the bubbles will now to the 
upper part of the cylinder, displacing a corresponding volume of 
water, which will flow out of i. The quantity of gas collected is 
conveniently seen by means of the glass gauge-tube, 7. When the 
necessary amount of gas has thus been received in the holder, the 
delivery tube is removed from i, and the screw-plug replaced. The 
gas may at any time be expelled from this holder for experimental 
pances either through the tube » into jars filled with water and 
vi over its orifice, or through J in a continuous stream, which is 
often desirable. The expulsion of the gas through either of these 
orifices is effected by opening the stopcock, m, and keeping the upper 
cylinder supplied with water. It is scarcely neceSsary to remark 
— gases only as are sparingly soluble. in water can be collected by 


process, ; 

Collection of gases by displacement of mercw'y.—This is by far the 
best process for the collection of gases in a state of perfect purity, 
although it is less frequently employed than the other two processes, 
owing to the difficulty of manipulating with a heavy fluid like mercury. 
The process exactly resembles in principle the collection by displace- 
ment of water, but owing to the high specific gravity of mercury, 
veasela of small size only can be used; hence glass tubes of a diameter 
varying from half an inch to 14 inch are generally employed. Care 
must be taken not to allow the gas-delivery tube to dip too deep into 
the metal, otherwise the great pressure upon the gas-generating ap; 
ratus may endanger the tightness of the joints. This method may he 
applied to all gases except chlorine and hydrofluoric acid. 

addition to these methods of collection, many gases may be con- 
veniently stored up in caoutchouc or mackintosh bags, when purity is 
not of importance; but they should not be retained in such bags more 
than 48 hours, otherwise they become mixed with considerable quanti- 
ties of air. Care should be taken not to collect coal-gas in caoutchoue, 
as the latter becomes softened and partially dissolved. . 

GASES, LIQUEFACTION OF. We are indebted chiefly to Pro- 
fessor Faraday for our knowledge of liquified and solidified gases. 
The method which he employed consisted in combining the condensing 
power of mechanical re rom with that of very considerable de- 
pression of temperature, e first. object was attained by the succes- 
sive action of two air-pumps; the first having a piston of one inch in 
diameter, by which the gas to be condensed was forced into the 
cylinder of the second pump, the diameter. of whose m was onl 
half an inch. The tubes into which the air, thus further cond 
was made to pass, were of green bottle-glass, from one-sixth to one- 
quarter of an inch in external diameter, and had a curvature at one 
portion of their length adapted to immersion in a cooling mixture: 
a were provided with suitable stopcocks, screws, connecting-pieces, 

terminal caps, sufficiently air-tight to sustain a fifty 
atm ld was applied to the curved portions of the tube by 
their immersion in a bath of Thilorier’s mixture of solid carbonic acid 


ststarcssSesssertcses: 


a: 
(" 


even without ——_ condensation than 
ordinary atmospheric pressure, aud 
sealed up in glass tubes in this lied wlth 
cyanogen, ammonia, sul 
hydrogen, hydriodic acid, hydro! 
euchlorine, With respect to some 
fluoride of silicon, and olefiant gas, 
any length of time in the tubes, in 
thi ery probe + 
parts of the apparatus. Hydriodic 
obtained either in a solid at 
not freeze at the lowest temperature to which it could 
Sulphurous acid froze into t and colourless 


transparent 
i lie we: ity than the liquid f which 
julphuretted se solidified 4 mrs poche 


in masses of 
white colour, at a temperature —122° Fahr. Euchlorine was = 
verted from the gaseous state into a solid crystalline body, which by a 
t increase of tem melted into an orange red fluid. Nitrous 7 
oxide was obtained solid at the temperature of the carbonic 7 
in vacuo, and then appeared as a beautifully clear and a 
crystalline body, Mr. Faraday conceives that in reaped den  : 
in certain cases, be substituted with advantage for carbonic in 
frigorific processes, for arriving at degrees of cold far below those 
hitherto attained by the employment of the latter substance. ey a 
was obtained in the state of solid white crystals, and retained this — 
form at a tem of —103°, The following liquids could not — 
be made to freeze at —166°; chlorine, ether, alcohol, bisulphide of 
carbon, caoutchoucin, camphor, and rectified oil of i 
The following table, chiefly from Miller’s ‘ Elements of Chemistry, 


? ef 
shows the points of liquefaction and solidification of various gases;—= 
Pressure in Atmospheres required ; 
Temperature for Liquefaction. 
Names of Gases, of : 
Solidification, |At 32° F, At 60° F, oe 

Sulphurous acid . . —105 153 2°54 5°16 at 100° | 7 
Cyanogen. ee as — 30 2°37 400 at 63° ~~ G 
Hydriodic acid =. =.) — 60 3°97 5°86 
Ammonia . <2 —103 4°40 690 | 10°00 at 83° 
Sulphuretted hydrogen. | —122 10°00 14°60 at 52° 
Protoxide of nitrogen . —150 $2°00 88°40 at $5” 
Carbonic acid . «| — 70 38°50 
Euchlorine . ee — 75 d 
Hydrobromic acid . —124 
Fluoride of silicon . « —220 P 
Chlorine . S56 8°95 13/19 , 
Arseniuretted hydrogen r 1°00 at —40° 
Olefiant gas. «- 26°90 at 0° 
Ethyl . A ‘oy , 2°25 at 37°5° 
Fluoride of boron. . 11°34 at —62° 
Hydrochloric acid ‘ 26°20 40°00 at 50° i 


Hydrogen, nitrogen, carbonic oxide, and nitri¢ oxide, have been sub- 
tnitted to pressures of upwards of 800 atmospheres without exhibiting 
signs of liquefaction. 

GASHOLDER or GASOMETER. [Gas, Maxuracrure or.] . 

GASOMETER. [Gasgs, Cottrction or.) 

GASOMETRIC ANALYSIS. Gas analysis. Eudiometrical analysis, 
Eudiometry. This branch of chemical in the 
attempts of Fontana, Landriani, Scheele, Priestley, Gay Lussac, and 
others, to determine the volume of oxygen in samples 0} gh 
air taken from various localities. The imperfect methods then used 
jt ra vrei to believd that co phges See difference in 

cen contained e air resting over different — 
porta of tie eavihis warding; and it was ed that these differ- 
ences were closely connected with the unhealthiness or salubrity of 
ence the name eudiometer (from «dios and perpeiy, 


procscidtedbor! gala air) was given to the instrument used for. 
these d ons. 


The principle upon which the use of the eudiometer was made to = 
depend, so far as atmospheric air and oxygen gas are concerned, was = 
that of exposing them to the action of some su , Whether solid, ry 


fluid, or gaseous, which, on account of its affinity for oxygen,com- 

bined with the latter, leaving thé gases with w it was mixed 

unacted upon. ; > ak 
The eudiometer invented by Dr, Priestley arose from, and waseon- 


, 7 
- P sae 


et 


| nected with, his great discovery of oxygen gas and the fact which he ; 


a) «Sa 


ay 


a 


- GASOMETRIC ANALYSIS. 


GASOMETRIC ANALYSIS. 318 


Py it with great facility 
| - mixtures as contain it; the evidences of its action are the formation 


of a red vapour, condensation of volume, and the reproduction of one 
of the acids of nitrogen; and the quantity of absorbed is 
determined by the degree of condensation which is produced by its 


Priestley’s method was extremely simple: he took a phial 
holding about an ounce of water, filled it with water, and 
© ape tg ema: rea fear gaseous mixture 

examined ; the volume of this being noted, it was transferred, 
over water, into an air-jar about an inch and a half in diameter. An 


was over, the gas was transferred to a glass tube about two 
: , one-third of an inch in diameter, and graduated into 10ths 
. expressed in measures and decimal 


the air so tried, said the measures of the test were 12 or the stan 
of the air was 12. Owing to the formation of several compounds of 
ee ere ee ores 38, Be sowknown 40 be entirely 
unworthy of 

The eudiometer next to be mentioned is that invented by Scheele, 
Deed seiww Aber rt emp after Dr. Priestley’s. This was 


water. the oxygen was absorbed and the nitrogen left b 
this operation, yet the process was not to be relied upon; for, by the 
of sulphuric acid, which occurred by the oxidisement of the 


, the iron was acted upon, and water being decomposed, its 
n was evolved, and interfered with the results of the operation. 
_ This plan, however i had the merit of simplicity ; for the 
quantity of oxygen was determined at once by deducting the 
sae of the residual gas from that of the whole quantity submitted 


experiment. 
De Marté, instead of using sulphur and iron, So ‘gear a solution of 
sulphuret of by dissolving sulphur in a solution of 


ing the solution for a short time with a 
to using it, by which it is saturated 
divided into 100 and immersed in the 


of Seguin is a glass tube, about an inch in diameter, 
— at one end. It is to be filled with and 
mercury; a of phosphorus is then put under 

tube, and i its lightness it immediately rises to 


if 
B 
F 


the top of it, where it is to be melted by the approach of a red-hot 
iron. A measured portion of the gas to be examined is then to be 
passed the tube; the phosphorus inflames on each addition of the 

| tage the mereury rises, owing to the condensation of the oxygen. 

’ all the gas under examination has been thrown up into the 

_ tube, the hot iron is _ used to ensure the completion of the pro- 
cess. The quantity of the residual gas is determined by transferring it 
into a graduated tube, and the difference between the quantity sub- 


eee eee oe Sak ke after: it, iniates the volume of the 


this operation, owing to the affinity isting between the phos- 
horus bree a oo pap combine sion dovtal phaaphele acid : it is 

the nitrogen absorbs a small quantity of phos- 
Phorous vapour, and that, owing to the expansion which this occasions, 


_ about 4; of the volume of the ni gas is to be deducted. 
_Berthollet also ezployed phosphor in his eudiometer, but instead 
‘ it, as in the abov: method, he allowed combination 


to take between it and the oxygen, by what is termed:slow com- 
bustion. He exposed a stick of gore fastened to a glass rod in 
& narrow graduated glass vessel, with air, and standing over 
the immediately begins to act on the oxygen of the 

by the formation of the white vapour of eaiiobs 
; but this occurs without visible combustion. In six or eight 
the whole of the oxygen disappears, and its quantity is, of 
immediately apparent, making the deduction above stated from 


gas, 
Hope's eudiometer is represented in the annexed figure. It is 


used with a solution either of sulphate of iron impregnated with nitric 
oxide or with solution of sulphuret of potassium. This eudiometer 
consists of a small bottle, capable of holding about three 
ounces, for containing the eudiometric fluid, and it is per- 
forated and furnished with a stopper at b. Into the neck 
of the bottle a hollow graduated tube, a, closed at the 
upper end, is accurately fitted by grinding. It holds pre- 
cisely a cubic inch, and is divided into 100 equal parts, - 
To use the apparatus, the bottle is first to be filled with 
the solution to be employed, and, covering the mouth with 

a flat piece of glass, it is to be immersed in water; the 
glass being then removed, the open end of the tube con- 
taining the gas to be examined is to be inserted. 

The instrument being removed from the water, is to 
be inverted. The gas ascending into the bottle, it is to be 
brought into thorough contact with the liquid by brisk 
agitation, by which absorption of gas occurs, To supply 
its place, the stopper at 6 is removed under water, a 
quantity of which rushes into the bottle; the stopper is then re- 
placed, and these operations are alternately renewed till no further 
diminution takes place. The tube a@ is then withdrawn, the neck of 
the bottle being in water, and it is held inverted for a short time, and 
the diminution is then measured by the graduated scale. 

Dr. Henry has pointed out some difficulties attendant upon the use 
of this eudiometer, to obviate which he has substituted 
a caoutchouc bottle for the glass one, as shown in the 
annexed figure at b. The tube @ is accurately ground (7 
into a short piece of very strong tube of wider bore, as 
shown at c, the outer surface of which is made rough by 
grinding, and shaped as represented, that it may more 

retain the neck of the elastic bottle when 
fixed by waxed thread. This instrument is used in a 
every respect in the same manner as Dr. Hope's, The 
only difficulty is in returning the whole of the residuary 
gas into the tube; but the art of doing this is readily 
acquired by practice. 

Pepys contrived a eudiometer in which a caoutchouc 
bottle was employed, as in Dr. Henry’s. This instru- a 
ment, from the inventor’s statement, appears to be 
susceptible of great accuracy ; for he states that he is % 
able to measure an absorption of only jd, of ‘the gas 
employed, For an account of this eudiometer, and of 
some experiments performed with it, see ‘ Phil. Trans,’ 1807. The 

are too numerous for us to insert figures of, and without them 
a description would be scarcely intelligible ; besides, the apparatus is 
now superseded by others. ; 

Having now described the use of nitric oxide, sulphuret of potassium, 
and phosphorus, as eudiometrical substances, and mentioned the more 
important instruments in which they are employed, we shall notice 
the eudiometer of Volta, and the eudiometric body which he made 
use of, 

Volta’s method of determining the composition of atmospheric air, 
or of the quantity of oxygen contained in gaseous mixtures, was by 
means of combustion with a known volume of hydrogen 
gas; for it having been ascertained that when a mixture of 


oxygen and hydrogen gases is fired, one-third of i 


the diminution is owing to the condensation 
of oxygen, we have only to observe the measure 
F of the contraction of volume to ascertain that of 
the oxygen which was present. Of Volta’s 
- eudiometer various modifications have been pro- 
posed, all agreeing however in the principle 
5 above mentioned. According to Berzelius, that 
invented by Mitscherlich is to be preferred, on 


L account of the simplicity of its construction and 
the accuracy of its results. We shall, therefore, 
L describe it instead of the original one, and it 


will at once occur to the chemical reader that it 
is a slight modification of Priestley’s and Caven- 
dish’s detonating tubes. 

This instrument,as represented by the annexed 
figure, consists of avery thick glass tube, from 
18 to 24 inches long, and about 4 lines internal 
r diameter ; it is uated, open at one end, and 
closed at the other. Near the top (a) the tube 
r is orated with platinum wires, placed at such 

E a distance as readily to allow of the passage of 
——\) the electric spark between them, and exter- 

B nally hooked; near the orifice (B) the tube is 
laterally perforated and furnished with a glass 
cock, which is shut after filling the tube with the gas to be 
examined: this is, uf course, to prevent the loss of gas by 
the expansion accompanying the detonation by the spark. J 
When this is over, the cock is turned under either water or A 
mercury, and the fluid rising in the tube, the condensation 
is exactly noted by bringing the fluid within and without the tube to 
the same level. : 

Another variety of Volta’s eudiometer is represented by the opposite 
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figure. It is more simple in its construction than the foregoing , but 
less certain in its results, on account of the escape of gas which occurs 
if it be not immersed sufficiently deep in water or : it isa 
modification of an instrument invented by Dr. Priestley. The only 
additional explanation. required is, that a isa moveable metallic wire 
with a knob at the end, which is raised near enough to the knob at the 
top of the instrument to allow of the of the electrical spark. 

Dr. Ure also contrived a modification of Volta’s eudiometer, which 
renders the experiment easy of performance by a single person. This 
instrument is shown by the figure. It con- 
sists of a = 
diameter of from 2-10ths to 4-10ths of an 
inch ; its legs are nearly of m 85 length, each 
being from six to nine inches long. The 
open extremity is slightly funnel-shaped ; the 
other is hermetically sealed, and two 
platinum wires inserted: the legs are about 
one-fourth to one-half an inch asunder. The 
instrument having been graduated, it is to be 
filled with water or mercury, and the gas 
transferred into it in the ordinary manner ; 
then being upright, part of the fluid in 
the open leg is displaced by inserting a glass rod, or in some other 
manner. The open leg ought to contain at least two inches of 
air between the thumb and the mercury: this atmospheric column 
serves as a recoil-spring, enabling the operator to explode considerable 
quantities of gas without inconvenience or danger. The open leg 
being grasped by the hand, the thumb is to be placed lightly over the 
aperture, so as to close it, and at the same time to touch one of the 
wires; a spark taken from the conductor to the other wire passes 
through the gus, inflaming it, and is conducted off by the thumb and 
hand, The gas in expanding depresses the fluid beneath it, whilst, as 
already noticed, the air in the part inclosed by the thumb acts asa 
spring to restrain the violence of the explosion. If a charge from a jar 
is to be passed, then the thumb must not be allowed to touch the wire 
whilst closing the aperture. When the jar is charged, the wire con- 
nected with the outer coating is first to be hooked upon the eudiometer 
wire nearest the thumb, and securely retained there, so as not to slip 
during the experiment ; and then the knob of the jar is to be brought 
to the other wire and the gas inflamed. 

After explosion, when the condensation of volume ensues, the thumb 
will feel pressed down to the orifice by the superincumbent atmos- 
phere. On gradually sliding the finger to one side and admitting the 
air, the mercurial column in the sealed leg will rise more or less above 
that in the other ; mercury is then to be poured in till the equilibrium 
is restored, and the resulting volume of gas is then read off. 

Dr, Ure states that with the above instrument he has exploded half 
a cubic inch of hydrogen mixed with a quarter of a cubic inch of 
oxygen, as also a bulk nearly equal of an olefiant gas explosive mixture, 
without any unpleasant concussion or noise. 

Débereiner suggested a eudiometrical process, founded on his curious 
discovery of the property which spongy platinum possesses of causing 
the combination of oxygen and hydrogen gases. In this eudiometer 
the combination occurs without explosion, and yields results of con- 
siderable accuracy. Débereiner found that when the spongy platinum 
was mixed with certain substances, so as to prevent its immediate and 
explosive action, it caused the oxygen and h: to combine with 
moderate rapidity. The late Dr. Henry, who performed a most 
important and accurate series of experiments on this eudiometrical 
process, recommended a mixture of three parts of spongy platinum 
and two of fine china clay made into a paste with water and moulded 
into spherules about the size of a pea; these were fastened to a 

latinum wire, that they might be removed after the action was over. 

hey should be heated and suffered to cool a short time before use : 
they suffer no loss of power, and possess the great advantage over the 
electric spark, that they act upon gaseous mixtures which contain so 
little oxygen and hydrogen that they cannot be fired. The late Dr. 
Turner ascertained that it was possible to determine the presence 
of yy of hydrogen or oxygen in a gaseous mixture; whereas, when 
these gases formed ; of a mixture, they could not be detected b: 
electricity. The effect takes place more rapidly in large than in small 
tubes. 

There are various gases which impede the action of the platinum 
balls. It appears from the experiments of Dr. Henry, that when the 
compound combustible gases, mixed with each other, with hydrogen, 
and with oxygen, are exposed to the balls of platinum, the several 
het not acted upon with equal facility; that next to hy 
carbonic oxide is most disposed to unite with oxygen, then olefiant gas, 
and lastly, light carburetted hydrogen. ‘4 .Y 

Dr. Henry observed, that the pro; inherent in certain gases of 
retarding the action of platinum, when they are added to explosive 
mixtures of oxygen and hydrogen, is most remarkable in those which 
possess the strongest attraction for o: . Heat occasions the 

um balls to act in many cases in which no combination would 
occur without it, 

The instruments and methods above described were not only almost 
exclusively limited to the determination of the oxygen in atmospheric 
air, but were also both imperfect and incorrect, and the analysis 
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siphon, haying an interior | by 


state of perf 
other departments of analytical chemistry. 
Ingenious instruments for the analysis of 


Regnault and Reiset (see ‘ Annales de Chimie et de ue, 
. 833) and by Drs, Williamson and Russell (Philoopbicat 
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gaseous analysis, and which is 
a tripod base furnished with levelling screws and carrying t 
pillar BB which su on one side the peered ay” 7 
mercury trough c, with rack and pinion aa, and on the other 
Noylinder pp with its contents. This cylinder is 36 inches lo’ 

inches internal diameter ; its lower extremity is cemented into 
ring c, the under surface of which its of being screwed 
tight upon the iron platform d by the intervention of a 
ring. e circular platform d is pierced by three oh 
terminate below in the T piece £ z. fa these tubes are screwed the _ 
steel caps eee which receive the open extremities of the ae . 
tubes ¥,G,H. The T piece x £ is furnished with a three-way te 
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glass tubes ¥ GH, one F is only slightly shorter than the con 

cylinder, another u is 8 or 4 

inches higher than the latter. F 

diameter ; G is somewhat wider 

scale etched upon it, and its upper ‘nor pomp terminates 
closed Mi 


and 
and open at 


funnel 7, the throat of which can be 
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5 tube F terminates in the capillary tube & which is cemented into the 

i steel stopcock 7; two platinum wires fused into this tube at m admit 

of an electric spark being through any gaseous mixture it may 

contain. This tube is uated into ten divisions of equal capacity. 

below and terminating above in the U is held 

ae y the clamp n, and can be connected with the stopcock 1 
junction piece p. 

"ithe instrument must now be levelled, and the height of each 


upon F, noting at each division the height of the mercury in H. 
use, the cylinder p p must be filled with water, and the interior 
the tubes F and H moistened with a few drops of distilled water 
through the stopcock / and the funnel 7. The three tubes 
pe placed in communication, mercury must be poured into ¢ 
il it rises into 7, when the stopper must be firmly inserted. As soon 
mercury flows from / that stopcock must also be closed. The 
J is then to be filled with mercury and attached by the clamp n 
i iece p to the stopcock J, anda glass tube about 2 feet 
the table upon which the apparatus stands, and 
being attached to the exit pipe h, the 
instrument is com; . 2 
In order to illustrate the method of using this apparatus, let us 
that an analysis of atmospheric air has to be made. Three or 
cubic inches of atmospheric air, previously freed from carbonic 
acid, are thrown up into the tube J, and through the stopcocks 
into the tube F, a transference which is accomplished by placing the 


that v and H are connected with 4, Mercury is allowed to flow from 
i until a vacuum of 3 or 4 inches in length is produced in H and the 
highest point of the metal in F stands somewhat lower than one of 
the divisions upon that tube. The cock f must now be reversed, 
and q slightly opened so as to allow mercury to flow into F and H until 
its highest point in F exactly coincides with one of the divisions. The 
ight of the quicksilver in H must now be exactly determined by 

ing through a horizontal telescope placed at a distance of about 6 


feet. If from the number thus read off the height of the particular 

3 division at which the stands in F be deducted, the remainder 
i will represent the true volume of the gas; since the tension of aqueous 
: yapour in F neutralises or corrects that in H, whilst the temperature of 
the tubes being maintained constant during the course of the analysis 

7 by the water in pp, no correction for variation of temperature requires 


a to be 


must now be 


volume of the gases re 

measured represents the volume of oxygen contained in the air 

submitted to analysis, and as the air employed consisted only of 

oxygen and nitrogen, it follows that the estimation of the former gas 
ines also the volume of the latter. 

ing thus described the construction of this instrument, we will 


1— Direct determinations. 


The chief gases which permit of being thus determined are the 
following :— - 


Carbonic Acid, Olefiant gas, or Ethylene, 
Oxygen. Carbonic Oxide. 
On the supposition that all these were present in a mixture to 


determination of each. 
: First, pass a convenient volume of the gas into the tube J, allow it 
u to over into F until the mercury rises into the bend of the capillary 
* Seay, and determine its pressure at any convenient mark on the 
’ latter tube; then pass up into J by means of a curved pipette, one or 
two drops of a concentrated solution of caustie potash, which will 
ascend to the top of the tube. Now return the gas into J, 
and let Saventity of mercury trickle over after it. As the gas 
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alkaline liquid by bringing every portion of the gas into contact with 
it. In three minutes the whole of the carbonic acid is absorbed, and 
the residue must now be transferred back into ¥ for re-measurement of 
pressure at the same mark upon Ff, great care being taken that the 
caustic potash solution does not pass the point between n and I to 
which the mercury was allowed to rise in the previous transference. 
The difference between this and the former measurement represents the 
volume of carbonic acid absorbed by the caustic potash. 

From two to six drops of a strong solution of pyrogallic acid must 
now be thrown up into J,and the gas being again brought over from F, 
the oxygen which it contains will be completely absorbed in a few 
minutes, the liquid in s becoming of an intense blood-red colour. The 
re-measurement of the gas, with the same precautions as before, gives 
the volume of oxygen in the mixture. 

The gas being retained in Fr, the tube J must be detached from the 
ap} , thoroughly cleansed, by washing with water, and then 
dried, first with bibulous paper, and afterwards by a current of warm 
air, care being also taken to get the capillary tube perfectly dry. The 
tube whilst still warm must be completely filled with mereury by 
immersing it as deep as possible in the well of the trough c, and then 
applying suction to the orifice of the cock /’, Being now attached as 
before to /, the residual gas in F must be completely drawn over into 
it, but in such a manner as to avoid the ingress of mercury which 
might carry over with it some moisture from the tube F. The 
absorption of olefiant gas must now be effected by introducing into 5 
a coke bullet saturated with a solution of anhydrous sulphuric acid in 
nordhausen sulphuric acid. The coke bullet is made by placing the 
bent end of a piece of thin platinum wire in a bullet-mould about half 
an inch in diameter, then ramming the mould full of a finely powdered 
mixture of two parts of coke and one of bituminous coal, and finally 
heating both the mould and its contents to redness for fifteen minutes. 
The bullet must be removed from the mould so soon as the latter has 
cooled, and excrescences being removed by a knife, it must be imme- 
diately plunged into the acid mixture just indicated. The piece of 
agar wire serves to introduce it into J, an operation which must 

performed with only momentary exposure of the fuming ball to 
the air, so as to avoid the access of atmospheric moisture, which would. 
combine with the anhydrous acid and render it incapable of absorbing 
olefiant gas. The absorption of the olefiant gas takes considerably 
more time than that of the two first gases, and the ball must not be 
removed from the tube until an hour at least has elapsed. The 
residual gas is now contaminated with sulphurous acid and the vapour 
of anhydrous sulphuric acid, from both of which it is however at once 
freed by passing up into J two or three drops of concentrated potash 
solution. The residual gas vane, again measured in ¥ as before the 
diminished pressure represents the volume of olefiant gas which has 
disappeared. 


The ry ay gas in the above list—carbonic oxide—is usually 
determined b; e indirect method mentioned below, there are how- 
ever certain cases in which its direct determination is desirable, although 
it is always less accurate than the indirect one. The direct determina- 
tion of carbonic oxide is effected by absorption with solution of 
dichloride of copper; the latter is best prepared by allowing a concen- 
trated solution of proto-chloride of copper to stand in contact with 
copper turnings in a closely-stopped bottle for several days. A quantity 
of this solution, equal in volume to about one-fourth of the carbonic 
oxide to be absorbed, must be passed up into J, and the gas being brought 
over from F must be left for five or ten minutes in contact with the 
solution, whilst a stream of mercury falls through it as in the two first 
determinations. The pressure of the gas being again measured, gives 
the volume of carbonic oxide absorbed. 

The determination of any one of these gases in the absence of the 
others is effected in the same way, viz : 

Carbonic acid by absorption with caustic potash ; 

Oxygen by a mixture of caustic potash in excess with pyrogallic 
acid ; 

Olefiant gas by anhydrous sulphuric acid ; and 
Carbonic oxide by dichloride of copper, 


2.—Indirect determinations, 
The following are the most important gases which are usually deter- 
mined by the indirect method :— 
Carbonic Oxide, 
Nitrogen. 


Hydrogen. 
Light carburetted hydrogen. 4 
The estimation of these gases eyen when all four are present in a 
mixture, is at once simple, expeditious, and accurate. It consists in 
exploding a known volume of the mixture in the tube F of the appa- 
ratus with an excess of oxygen, and then determining, lst, the dimi- 
nution of volume of the gaseous mixture after explosion; and 2nd, 
the volume of carbonic acid produced by the combustion. The 
residual gas remaining after absorption of carbonic acid consists of 
nitrogen mixed with the excess of oxygen previously added; the 
volume of the former is of course determined if we estimate that of 
the latter, which is effected by adding to the mixture of the two gases 
from two and a half to three times its volume of hydrogen, exploding 
in ¥ and measuring the contraction produced exactly in the manner 


| already described above for the analysis of atmospheric air, 
xX 
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The tions just described give us the following four data from 
which it is easy to determine the respective volumes of two or more 


of the four gases present in the mixture ;— 
1, The volume of the gas taken foranalysis =, .=A 
2. The volume of the combustible gases present . . = A’ 


3. The contraction of volume on explosion. . «= 
4. The volume of carbonic acid generated on explosion = D 


Tt will be seen that the value of A’ is ascertained by deducting from 
A the volume of nitrogen in the mixture, determined as just described. 

The respective volumes of the three combustible gases are deter- 
mined from the consideration of the contraction, antl the volume of 
carbonic acid, uced by each on explosion} with excess of oxygen, 
as seen in the following table :— 


Contraction of Volume of carbonic 
Volume volume on | acid produced by 
Name of Gas, of Gas. explosion with | explosion with 
excess of oxygen. | excess of oxygen, : 
Hydrogen * -* 1 15 0 
Carbonic oxide . o 1 05 1 
Light carburetted hydrogen 1 20 1 


If we now represent the volumes of ni , hydrogen, carbonic 
and light carburetted h respectively by the letters w, x, 


we, taking the data just given, the fo’ 


colette’ to anslysis 
w=a—a’ 
“=a'—D 
—3a'—20+D 


8 
_ 2p—3a’+2e 
BR Sgr 


If, on the application of these formule to the results of an analysis, 
the value of any letter be either a small negative quantity or = 0, it 
follows that the gas denoted by the letter is not present in the 


mixture. 

The only difficulty likely to arise in making such indirect determi- 
nations, consists in adding neither too much Hither rene | ooc be 
the combustible gas, since, when too much is added, either no explosion 
ensues on the electric spark, or, if the ignition of the mixture 
be , and light carburetted hydrogen or carbonic oxide be 
present, the temperature is too low to ensure the complete oxidation 
of these gases ; whilst when too small an excess of oxygen is added, 
the violence of the explosion is so great as to endanger the ru of 
the tube containing the gases. It is not difficult to avoid these 
con ies where the nature of the gaseous mixture experimented 
upon is approximately known, if it be borne in mind that, of the three 
shaboniihle gases above mentioned, each volume of hydrogen or car- 
bonic oxide requires about 14 yolumes, and each volume of light carbu- 
retted hydrogen about 5 volumes, of oxygen, for su combustion. 

We have thus given a very condensed account of this branch of 
chemical analysis; but for more minute details the reader is referred 
to the article ‘ Analyse fur Gase’ the writer of the Soto article), 
in the ‘Handwérterbuch der Chemie,’ by Liebig, Poggendorf and 
Wohler, 2te, Auflage. In conclusion, as an illustration of the 
application of these analytical processes, we shall now describe the 
mode of an analysis of coal gas, 

Analysis of Coal Gas.—Purified coal gas generally contains the whole 
of the following ingredients :— 


. Olefiant gas and analogous hydrocarbons, 
. Light carburetted hydrogen, 

Hydrogen. 

Carbonic oxide, 

Carbonic acid, 


Nitrogen. 


Of these ingredients, the first, fifth, and sixth are determined by the 
direct, and the rest by the indirect, methods above described, : 
Two or three cubic inches of the gas are passed into the tube s, and 
subsequently into ¥, for measurement, ‘The oxygen, carbonic acid, and 
olefiant gas are now successively estimated in accordance with the 
methods described under the head of Direct Determinations : the mode 
of absorbing olefiant gas there given also effects the simultaneous 
removal of the analogous hydrocarbons, to which, in part, the dimi- 
nution in volume will therefore be due. The remaining gas must now 
be ee ae — times its volume of Saye, and the 
ve volumes of the four remaining gases determined as described 
sn ay how Determinations, 
This estimation of the relative quantities of the several constituents 
of coal gas does not give any absolute data from which the illuminating 


merase 


equations, 
i tho volumes of the four gases ‘preseut in the imixture h 


ot and consequently the commercial value of coal gas can be calou- 
It gives us, it is true, the amount of illuminating hydrocarbons 


Now, as the amount of carbon i 


proportional to the volume 


formula just given expresses the illuminating of the ; 
coanpariacia, ih la onievenladh 0: tedekdg aaaeaeed le ot = * 
carbon value of olefiant gas, which generates twice its own volume of 


carbonic acid. In order, therefore, to express the value of the lumini- 
ferous hydrocarbons of any sample of gas, in units-of olefiant gas, it is 
only necessary to change the last expression into , 
Boe 
2a 


Thus, any sample of evdiprecmp Salt mected po ges “ 


which one volume generates three volumes of 
an illuminating effect equal to another containing 15 
olefiant gas. This method, therefore, fornishes us 
chemical of comparison for the illumi value of every 
iption of coal or other gas in use as a source of artificial light. 
GAUGING is the method oe by actual measurement 
~ number of gallons contained in intended to hold goods, 
e 
which it is n 
their contents. For this Pe) ane a number of rules have been 
down by various writers, of whom the reader who is interested in the 
subject may consult Leadbetter’s ‘ Treatise on Gouging; John Ward's 
* Young Mathematician’s Guide, or Dr. Hutton’s ‘ Mensaration.’ The 


rules laid down were, in many cases, of uncertain application ; as, for — 
frustum of a 


instance, a close cask was to be treated either as a 
spheroid, or of a parabolic spindle, or as a double frustum of a para- 
boloid, or else of a double cone, according to its appearance. The 
allowance made for the thickness of a cask was a guess, and the 
method of using small sliding-rules, to which supervisors 
resorted to escape calculation, is a species of estimation which 
never have been tolerated in money transactions between man and 
man. The inference to be drawn Too tas drt au Gasctibed by early 
writers, is that, generally , the results of excisemen’s measure- 
ments were below the truth : it been otherwise, the fact could not 
but have been known to merchants and tradesmen, who can gauge 
their own vessels after the contents are removed, or who learn their 
bulk in the removal. If the methods of the excisemen were tolerably 
uniform, which is perhaps pretty nearly true, if we may judge from 
writers on the subject, no injustice was done by unequal taxation, and 
the government would probably have found it as easy to increase the 
duties, as to raise an additional revenue from a more correct method 
of collecting the old one. 7” 
Paid la i a -rules pos calculation, = ws of habit derived 
experience, it le very accurately an bey? to measure 
casks which do not depart much from a given standard of form. This 
is what is done by + Baygg sepgpicbere| and their practice has 
attained considerable accuracy. In a particular instance which has 
come to our knowledge, and in the case of a vat which held 6500 
gallons, the measurement of the exciseman did not differ more than 
ten gallons from the truth. This degree of accuracy is entirely 
modern, and must in a considerable os arise from similarity of 
form being very nearly preserved in the different ies of casks, 

The great variety of cases which occur w make a sum 
inconveniently long. Wherever a content is to be found, either the 
figure itself is simple and regular, a8 in the case of a cylinder, or 
a simple figure, as in the cage of some casks, which may be 
as the frusta of spheroids [see BARRet as an instance of a. 
mating supposition], or #0 that the content can only be 


~ 


aa 
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by dividing them into a considerable number of sections, and con- 
sidering each section as a small cylinder or frustum of a cone. 
([QuapratuReEs, MerHop or.} 
The work on gauging which is most commonly used, is Symon’s 
‘Practical Gauger; which has been through several editions. Other 


: works age, those of Leadbetter, Shirtcliffe, Moss, Gutteridge, and Ley. 
: ret then eieal i half of the last ,and that of 
) iffe contains theoretical investigations. Ward's ‘ Mathematician’s 


Guide, and Hutton’s and Bonn: 
treatises on the subject. 
GAULS. [Cetrz.] 
& GAULT C ACID. [Essentiat Ors. Essential oil of Winter- 
GAULTHERILINE. {Essentran Ors. LEzsential oil of Winter- 
a light transparent texture, made of fine silken threads. 
Its name has led to the conjecture that this fabric was first invented 
in a city lestine. Spitalfields was, some years back, the 
seat of silk-gauze manufacture in Great Britain ; but of 
and Glasgow, and the villages near those towns, have 
almost entirely engrossed this branch of husbandry ; although some is 
the very few silken fabrics in the making of which 
| cor bergen mamas excelled by the ip both ~ be 
cheapness and ity. is cheapness results from the lower rate o 
4 wages Senile waver a compared with ours; since the 
weight of silk contained in a yard of gauze is so trifling as to make the 


’s ‘Mensuration, contain small 


to 
of 
the 


5 


Weft. 


The gauze is different from that of plain weaving, in 
which the warp, or longitudinal threads, are always parallel to each 
The essential character of gauze-weaving is that between each 
cast of the shuttle a crossing of the warp threads shall ensue, and thus 
the weft (which forms the cross-threads interlaced by the warp) is not 
absolute contact with the cross-thread immediately 
i ~ nt tg “ol between naga p Morr gs cause that 
- i whi without arrangement, could 
* ly result from a looseness of texture incompatible with beauty and 
the present days of cheapness and imitation, gauzes, or textile 
receiving that name, are sometimes made of a mixture of silk 
; or even of cotton alone. 
GAVELKIND, a tenure existing at this day in the 
of Kent only. It seems that this tenure was the common 
wure among the Anglo-Saxons (Glanvil, 1. 7, c. 3), and the 
its continuance in Kent has been ascribed to the resistance 
the inhabitants of the county made to the Norman invaders. 
Wales until the 34th Henry VIII., when 
Bae caged ach piven ta the ia chegter of 
are given in the 1st of 
‘ Treatise on Gavelkind.’ The distinguishing Salthen at 
upon the death of the owner without a will 
sons in equal shares, and the issue of a 
whether male or female, inherit his part; in default of 


F 


i 


ill 


J 
F 


brothers, to their respective issue. 
alien at fifteen years of age, by means of a feoff- 
and the estate does not in case of an 


and execution, the maxim being, ‘ the father to the bough, 

by curtesy of a moiety 
by her; but if he marries 
A wife is endowed of 
which her husband died seised, not for life as 


the disgavelling statutes, it is alwa; 
in Kent are of this tenure, until the contenry Se 


This tenure existed also in Ireland as an incident to the custom of 
tanistry—and as such ceased with that custom in consequence of the 
judgment against it. (Davis's ‘ Reports,’ 28.) In the reign of Queen 
Anne, with the view of weakening the Roman Catholic interest in 
Treland, the land of Roman Catholics was made descendible accordi 
to the custom of gavelkind, unless the heir conformed within a limi! 
time; but by the stat. 17 & 18 Geo. III. c. 49 (Irish), the lands of 
Catholics are made descendible according to the course of the common 
law. (Robinson, p. 21.) 

This customary descent is followed in some manors, particularly in 
the manors of Stepney and Hackney. (See the custumal of those 
manors printed in 2 Watkins, ‘ Copyh.,’ 508.) 

GAVOT (Gavotta, Ital., Gavotte, Fr.), a oo dance of two strains, 
in duple time. This generally followed the minuet, and still succeeds 
the Menuet de la Cour, when the latter is introduced on the stage. 

GAZETTE (gazzetta in Itallan, gaceta in Spanish) is the name given 
to newspapers in several parts of the Continent. The name was, 
according to Ménage and others, derived from a small Italian coin, 
which was the price of the first newspaper established in-that country. 
In England the ‘London Gazette’ is an official advertiser, printed 
under the authority of government, as are also the Gazettes of Edin- 
burgh and Dublin for Scotland and Ireland. They contain all procla- 
mations, orders in council, promotions and appointments to commis- 
sions in the army or navy, the nomination of sheriffs, the appointment 
of ambassadors, consuls, and other civil officers of the higher ranks, 
and all matters done by the queen in her political capacity; the pro- 
duction of ‘the Gazette being sufficient evidence in courts of law for 
transactions in consequence thereof, except in some special cases, as to 
commissions, in which the Gazette is only secondary evidence when 
the production of the commission itself is refused. They contain also 
notices of all bankruptcies, insolvencies, and sequestrations, with other 
matters connected with proceedings under them; and the insertion of 
such notices is made a legal notice by special enactment; but in cases 
of dissolutions of partnership, special notice should also be given to 
parties with whom the firm has had dealings. Notices are required 
to be given in the Gazette during October and November (before the 
meeting of parliament), of intended applications for what are called 
Private Acts, relating to inclosures, canals, railways, and such matters. 

special enactment also, it publishes the weekly and monthly re- 
turns of the Bank of England, and the bank-note circulation of all the 
banks in the United Kingdom, the prices of corn, &c. 

Gazetteer has been used in England to mean a geographical dic- 
tionary, such as Brookes’ ‘ General Gazetteer, and other similar works. 

GEARING. The parts of machinery by means of which the motion 
communicated to one principal portion of an engine is communicated 
to the rest, are known by the generic name of gearing, and they may 
be either multiplying, or retarding, fixed, or moveable, straight or 


bevilled gearing 

Multiplying or retarding gearing is that which is used for the 
purpose of augmenting, or diminishing, the velocity of the first motion, 
and its action in this respect-depends upon the relative dimensions of 
the wheels gearing into one another. As the word gearing is no doubt 
derived from the German root gerathen “ to fall, or come in, or into,” 
it should, strictly speaking, be only applied to teethed wheels, but by 
extension it is frequently made to include also both band and friction 
wheels, and indeed in some cases their action is so nearly the same as 
that of teethed wheels, that it is hard to draw the distinction between 
them. The principles upon which the proportions of the diameters, 
and the number of teeth in multiplying or retarding gear, are fixed, 
in simple terms may be stated as follows. The velocities of wheels 
gearing into one another are in the direct ratio of their diameters; and 
they are also in the direct ratio of the number of the teeth. For 
instance, a wheel three feet diameter gearing into a wheel of only six 
inches in diameter, will travel with a velocity which will be only 3 of 
that of the latter; and a wheel with 72 teeth will revolve in twice the 
time of the revolution of a wheel with 36 teeth. When eccentric, or 
occasional movements are required to be transmitted, it becomes 
necessary to employ either cams or eccentric gearing. [MAcHINERY, 
Composition ov 

Gearing is said to be jixed, when it is not susceptible of being 
disconnected with, or detached from, its corresponding work; as for 
instance when wheels are keyed upon their axles, and permanently 
placed upon the leading or following wheels to which they serve as 
intermediaries, Moveable gearing may be either loose upon a fixed 
axle, as in the case of the different parts of a mill wherein two shafts 
revolve above, or by the side of, one another, and are put in relative 
motion by means of a pinion gearing into fixed wheels on the two shafts, 
but able to be itself detached from them, either by being moved 
horizontally, or vertically by means of a lever ; or it may be fixed upon 
its axle when the latter is susceptible of being put out of gearing by a 
lateral motion, as in the case of the various motion shafts of a crab. 
The clutch boxes, by means of which the respective portions of a long 
shafting are placed in connection with one another, come under the 
definition of moveable gearing ; and like all other gearing of the same 
description, they may be so combined as to allow the direction of the 
motion tobe changed at will. - 

Straight, or spur gearing is that which is employed when the axes of 
the respective wheels and axles are parallel to one another ; bevilled 


- 
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direction of the ori motion, either angular! 

ata different elevation, in a perpendicular or angular direction. Some- 
times bevilled gearing is formed by cutting the teeth of the wheels 
upon portions of cones working into one another; or by means of 
teeth cut upon the path of a screw, working into a worm cut upon the 
upright shaft, 

Perhaps it ought to be added, that the periods of revolution of the 
different kinds of gearing, whether fixed or moveable, straight or 
bevilled, are quite as often equal, or synchronous, as they are slower or 
faster. When the periods of revolution are synchronous, the wheels 
are, of course, of equal diameters. 

». GEIC ACID. (Gety.] 

GEIN, a name given to humus.in common with ulmin, humic acid, 
ulmic acid, humin, and geie acid. This substance is obtained from 
common mould, which when boiled with alkalies, and the solution 
filtered and treated with acids, yields a brown deposit, which has the 
above names, Miilder states that the substance contains 2} to 7 per) 
cent. of nitrogen. These substances appear to be vegetable matters in 
a state of decay. 

The name gein has also been given to a bitter non-azotised matter 
a in the root of the Geum urbanum. Its composition is not 

own. 

GELATIN. The physiological relations of gelatin, and its value as 
an article of food, have already been described. [Getarry,in Nat. Hist. 
Dry.] The present article will, therefore, merely contain a description 
of its manufacture for commerce, and the chemical action of various 
substances upon it. 

Parings of the hoofs and horns, the crushed bones, and the cuttings 
of the hides of animals, are placed in cast-iron cylinders, and subjected 
to the action of steam at ordinary or at a more or less increased 
pressure ; a strong solution of gelatin in hot water is thus produced, 
which is poured out on to polished slabs of tin, marble, &c., to solidify, 
and the resulting sheets afterwards cut into shreds by machinery. 
the gelatin is required for dietetic purposes, t care is observed in 
the selection and cleaning of the materials from which it is to be 
obtained. Some makers bleach it with sulphurous acid, flavour it with 
various essences, well dry and powder it to render it more rapidly 
soluble in water, and one patentee even takes the trouble to dry it in 
vacuo. Gelatin of a common description is used in ae a8 for 
making capsules, little bags intended to contain active icinal pre- 
parations of nauseous taste and odour ; also for coating pills. Sheet 
gelatin, coloured, is now ely used as an ornamental envelope for 
3 gaa &c., and in the fabrication of toys and other small 
articles. 

Gelatin softens and swells up in cold water, but does not dissolve. 
It is also insoluble in alcohol, ether, and the fixed and essential oils. 
Boiling water dissolves it in considerable quantity. If a sheet. of 
tolerably soft gelatin be printed upon, and then immersed in spirit of 
wine, a considerable but equal contraction takes place ; and the print 
transferred to stone furnishes impressions similar to the original, but 
much reduced in size. By printing upon a sheet of very dry gelatin, 
and afterwards immersing in water, the converse of the above result is 
Chorin i b 

e acts upon gelatin, forming with it a white compound, from 
which the gelatin may be reproduced unchanged on the addition of 
ammonia. Nitric acid converts gelatin into oxalic acid, and other pro- 
ducts. Sulphuric acid transforms it into leucin, a kind of sugar called 
glycocin, and into some other products. Acetic acid dissolyes gelatin ; 
strong alkalies decompose it. Its aqueous solution is precipitated by 
bichloride of platinum, corrosive sublimate, infusion of , or any 

iquid containing tannin, but is not rendered even turbid by solution 
of ferrocyanide of potassium, a test by which gelatin is at once dis- 
tinguished from albumen. 

rom the difficulty of obtaining gelatin in an absolutely definite 
condition, its true chemical composition is somewhat uncertain. The 
formula usually adopted for it is C,,H,,N,O, ; this nearly agrees with 
the following per centage results obtained by Miilder :-— 


gearing is heh which dn: eendinciens it is ere to change the 
jrectl ly on the same plane, or 


Carbon ey eer es da 
Hydrogen ° ‘ . ne 664 
Nitrogen. . ° ° ’ * . 1834 
Oxygen (including trace of sulphur) « . 2462 
100-00 


GELATINE AND GLUE. These nearly-allied substances may 
conveniently be noticed together, in relation to their manufacture and 


uses. 

Gelatine,—Gelatine is used partly as an t in food, and as 
acement. Much of it exists in the bade: animals; and fig Ae 
one evidence of the improved processes of modern times, that so valu- 
able a substance is now saved which used formerly to be wasted. The 

jelly can be obtained by the action of heat on the organised tissue of 

, tendons, ligaments, sinews, skin, and serous membrane, whilst 

in contact with water. Isinglass is nothing more than a purer kind 

of gelatine. All gelatines dissolve more or Jess in hot water; and form 

a translucent jelly. Gelatine and tannin form leather, a fact which 
explains the rationale of the tanning process, 


Without touching in this article on the chemistry of as an 
article of food, we may mention that p repeal somo | 
but not alone ; for it is wanting in fl ‘ 
Samuel Bentham, a person of great 


the Admiralty, in 1829, to the omy of su did 
the navy with gelatine jainaiapmoen oneal 
D'Arcet long before,and much practised in France. French workmen, 


and some of the inmates of French hospitals, are frequently supplied 
with soup made from bone-gelatine at a cost pore ahem iomag el AR 
and it could be made sufficiently strong to be portable when co! one 
age es Bentham proposed that the bones of salt beef should not — 
be wn away, as at present, on 
prived of the bone before the meat is shipped, 
packed in a small space, and thereby economise 
while the bones would be available ag a source of gelatine, ‘ 
contain 30 per cent. of gelatine, and 10 per cent. of fat, which can be 
extracted by processes easily managed. ; 
and dried, and would be very valuable as an article of shi, 
meat also could be more easily and perfectly salted, 
rolled up like Hamburg beef before being put into the casks. —— 
calculating on the basis furnished by the French chemists, asserted — 
that the bones which are stripped of their meat every day in London, 
would furnish gelatine sufficient for one small basin of soup to every _ 
one of the inhabitants, young and old. He im reased hin viewsels Sia fo 
Admiralty, but without success; and we beli does — 
not yet form an element in the dietary of the British navy. The 
French adopt the system much more extensively than ourselves. On 
the large scale, the gelatine is extracted by steam, and sometimes a _ 
little muriatic acid is employed to remove the phosphate of lime, 
Even fossil bones have been made to yield gelatine, ce 
The power of obtaining gelatine from bones being once understood, — 
the variety of applications becomes very considerable, tine, 
for divers purposes, is bleached with sulphuric acid or animal oal, 
It may be tinted blue by sulphate of in or juice of blue-berries; 
green, by the juice of spinach; or red by that of beetroot. Cake 
Eiglore making” Helea's juices, gases le ottuned eee aia 
id-glove ing. m’s patent is o from glue- 
pieces or cuttings from the hides and skins of animals. In : . 
it, the fragments are freed from hair, wool, flesh, and fat; then 


for several hours in a solution of caustic soda; then placed in covered 
vessels at a temperature of 60° or 70° Fahr. ; next washed to the 
alkali; then exposed to the vapours of burning sulphur; and then 
dissolved in water at a temperature of 150° Fahr. After this, the 
solution is strained into settling vessels, where it is kept for several hours 
at a temperature of 110° Fahr. It is then poured to the depth of half 
an inch upon a cooling slab, and the resultant cake of jelly, after a few 
further processes, is p into one of two kinds, opaque or trans- 
parent—both intended ‘as substitutes for isinglass, Rattray’s patent 
gelatine is another kind, uced in a somewhat similar way from 
waste glove-pieces. Swinburne's patent gelatine is made from the 


cuttings of calves’ skins, Whatia called rough gelatine is tade from 
the spongy insides of the horns and ribs of oxen, and the softer parts 
of the skulls and other bones, also frotn sheep's bones—the preparation 


requiring, of course, a good deal of cleaning, steeping, boiling, steaming, 
"Glue, hia thicker kind of goletine is prepared trom the ol 
ue, ic e m i 
of hides, hoofs, &c., obtained at the tan-yard. The first i ya 
water, and 


wash this refuse in lime-water, and afterwards to boil it 
skim the solution, which, is then rendered clear by being strained 


proper! 
glue is of a deep brown colour, translucent, and free tok a 


upon the evapora- 
tion of the water. Mr, Tucker patented a process, in 1856, for drying 
glue without the use of anetting, He pours the boiled mass into 
separate pans disposed on racks in a chamber ; heat is e 
ata temperature of 140° or 150° Fahr., and fans are then to 
senda current of air through’ the chamber. Another proposal for 
cae to pass the glue into a vessel fitted with a horizontal metal 

cy , kept heated by steam within or by a steam jacket on the out-— 
side; the lower half of the cylinder dips into the glue, and revolves 
ata slow rate, the surface takes up a thin film of the ue, which 
quickly aolidifies and dries; a film is thus formed and at each 
revolution of the cylinders. 

Besides the application of gelatine to food, and that of glue as.a 
cement, both are used in very numerous ways in the mechanical arts, 
Glue and treacle make a peculiar elastic substance very useful for 
printers’ inking-rollers, Gelatine casts, and gelatine moulds for casts, 
are now very common—especially the latter, on account of the ease 
with which the casts can be taken out of them. The gelatineurs of Paris 


make sheets of cxqulelie ee cacy dyed to the most brilliant 
colours. These sheets can a to many useful purposes; the; 
can be weed as a layer on the sur of ou engraving or woven materiéh. 
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the gendarmes, generally speaking, are rience 
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which it will serve as a varnish; they can be made into a substitute 
for carton, for address and visiting cards; they can be employed by 
in transferring or copying designs; and when made 
they can be used as wrappers and envelopes for 
, as materials for transparent artificial flowers, and as a 
paper on which printing in gold may be effected. 
p Aa tec Pr kp ers, &e. is Saren of thin 
nt cuttings. Jeffery’s marine , an uncom- 
powerful cement used in shipbuilding, is not properly a glue at 
is a combination of other substances than gelatine. 
GE’MINI (the twins), the third constellation in the Zodiac. The 


_ Greeks refer it not only to the fable of Castor and Pollux, but also to 
those of Hercules and Apollo, Triptolemus and Iasion, Amphion and 
Zethus, &e. 

- The principal stars are as follows :— 
No, in Catalogue 
No. in Catalogue of British 
Character. Association, Magnitude 
B 13 2047 3 
7 24 2163 2°5 
€ 27 2194 3 
6 34 2237 + 
a 66 2485 1 


itude, b; 
iazzi as ot the third ! 
two stars, whose proximity will cause them to be easily recognised 
when once known, may be found by drawing a line through the belt of 
Orion and the two bright stars the line of which cuts through the 
ened upwards, will pass very near to the two 

are also about halfway between Regulus and 
Aldebaran : and if the Great Bear and Orion be seen together, then 
on the one side, and Castor and Pollux on the other, will be 

i boundaries of the intermediate space, 

G Camgo; Intactio,] 
GEMS, ARTIFICIAL. [Guass.] 
_ GENDARMERIE (from Gens d'Armes, men-at-arms) was a chosen 
of cavalry under the old monarchy of France: it is mentioned 
adds onion in the wars of Louis XIII. and Louis XIV. Under the 
the gendarmerie is a body of soldiers entrusted with 
all over France; it furnishes patrols, arrests criminals, 
examines the passports of travellers, and contributes to the mainte- 
nance of good order, Gendarmes are generally stationed at the barriers 
ot the towns, at the principal inns on the roads, at markets 
fairs, and along the lines of the frontiers. They are divided into 
foot and horse; gendarmes a pied, gendarmes @ cheval. hey forma 
corps in the army, under their own superior officers, who are 
of the ministers of the interior and of police; but in 
war, they may be called into active service like the other corps 
. The gendarmerie is mostly recruited from old and 
i f other regiments, who consider it as a promotion, 
pay and enjoy greater liberty. This pa ea why 
trusty ho, while strictl th nm rarest ith 
t men, who, whi ly executing their duties, ve wit! 
considerable civility towards unoffending people, such as travellers, and 

: foreigners. The same description of troops exists in the 
Tialian states, where they are called Carabineers. 

GENDER is a grammatical principle entering into the structure of 
many languages, according to which nouns are distributed into classes, 
There are, ing, but two genders, masculine and feminine ; 
those which belong to neither of those classes were said to be neutrius 
_ generis, of neither gender : third class are called somewhat incor- 
rectly neuters, second irregularity it is the ordinary 
practice of grammarians of three genders. 

That sexual distinction was the fountain from whence the doctrine 
cannot be reasonably disputed. 
this the principle must have been confined 
beings, and among these it must have been still 
the distinction of the sex was 
of the lion, the plumage of the pea- 

ofthe bull. In the smaller animals it would 

ean oper pier ane sex, and useless harass it. But 
ee nn Ue ae governing principles of language ; 
they are often sacrificed to the love of imagery and personification. 
ity which characterises the 

mt mind whether of the 


i 


Hany, ste the marked attributes of the male 
on, 

pA aes 
_ The domestic animals, having lost all the violence of the natural state, 
tonvey to the mind the idea of something feminine, Thus among the 


Romans even the dog was in ordinary language considered to be of 
that gender, perhaps because it was inferior in power to the wild wolf; 
while the English, contrasting that noble and powerful animal with 
the clean and delicate but irritable cat, have allotted the masculine 
gender to the dog, to the other the feminine. The feathered creation 
again, by their small size, their weakness, and the delicacy of their 
plumage, are naturally associated with the tender sex, with the ex- 
ception commonly of the eagle, kite, hawk, &e. 

~ In the meanwhile the neuter is employed to denote that the notion 
of gender is not entertained; it is therefore, as Grimm has well ob- 
served, the proper grammatical form for the young of animals, where 
the sexual distinctions are imperfectly developed. Thus in the greater 
part of the Teutonic languages, the terms for foal, calf, lamb, child, 
&c., are of the neuter gender; and in the Greek there occur many 
similar forms, as texvov, Bpepos, &c. Hence, by an easy connection 
the diminutives generally in the Greek and Teutonic languages are of 
the same gender; and this principle is carried to such an extent that a 
neuter diminutival suffix is at times employed in the formation of the 
names of women, as Dorcium, Glycerium, in Terence, ndgdchen, Gretchen, 
“little Margaret” in German. In the further extension of the idea of 
gender, first to material objects without life, and then to abstract 
terms and mental notions, the directing associations are weaker, and 
the mind is in a state of oscillation. It may be observed; however, 
that abstract nouns, or to more correctly, general terms, are 
usually included among the feminines, perhaps from a notion of preg- 
naney, the one term including a te of concrete ideas. 
There are indeed exceptions to this principle; for instance, in the 
large family of Latin words which have the suffix or (honor, pudor, &c.), 
but this variety is probably to be explained by the similarity of the 
termination to the masculine suffix tor. The French language has 
corrected this anomaly in la pudeur, &e, We have here probably an 
explanation of the principle by which in Greek a feminine article 
attached to what is commonly a masculine substantive gives it the 
power of a collective, as imos, m. “a horse,” but 7 frros, “ the horse,” 
that is “the cavalry ;” 7 kaundos, “the body of camels.” The same 
peculiarity belongs to the Arabic and Hebrew, and indeed is still pre- 
served in a modern Semitic language, the Galla. 

The mode of denoting gender is also deserving of consideration. 
One of the most direct methods would appear to be to assign names 
absolutely different to the male and female, that is, in those cases 
where the terms are used in their natural, not in their metaphorical 
sense. Thus we have in our own language boy and girl, horse and mare, 
bull and cow, &e. One of the defects of such a principle would be the 
want of a general rule by which to denote the gender in any new 
instance, and the consequent multiplication of terms. But indepen- 
dently of the advantages and disadvantages of this notation, there are 
good reasons for believing that in fact the distinction of sex was not 
originally denoted by an absolute difference of term. The word man 
for instance, in the oldest Teutonic language had the general meaning 
of a human being, like the Greek av@pwros, or Latin homo, and only 
gained the exclusive notion of a male when its derivative mannisco or 
mensche was formed to express the general idea, The German term 


frau again is now confined to the female, but there is found in nearly 


all the older dialects of the German a masculine so nearly identical 
(frauha, Gothic; fré, old high German; frohko, old Saxon; frea, 
Anglo-Saxon) that the notion of the female can scarcely have been 
inherent in the word. Similar results would be given by an exami- 
nation of the English word maid, the Latin puer, &c, In the animal 
kingdom the same confusion prevails. The Latin ovis is commonly 
feminine; and in fact our English term ewe may be indisputably 
roved to be the same word; still, in the earlier form of the Latin 
guage, the word was also applied in the sense of aries. It occurs, 
for instance, in the name of the sacrifice Suovetaurilia, where the word 
taurus leads us to expect the idea of a ram in ovis,and of a boar in sus ; 
and in fact ancient reliefs prove that the animals sacrificed at this 
festival were uncastrated males. The word sus, corresponding in 
beeps A signification, as also in form, to the English sow, is a parallel 
case. Indeed both Greek and Latin exhibit this very word as not con- 
fined to either sex. A long enumeration of similar instances, with the 
necessary proofs, would be out of place here. It will be sufficient to 
notice that the English terms mare and hen appear in other branches 
of the Teutonic language as representatives of the male. Lastly, 
those who attribute to these monosyllabic forms a distinct notion of 
gender will find it difficult to avoid the inference that if gallus for 
example, originally meant a cock, and not as is here maintained, a fowl 
generally, gallina included the notion of both sexes, a female cock. A 
more simple mode of denoting gender is by the addition of a special 
suffix. Thus the Latin termination on, like the Italian one, appears to 
have carried with it the idea of a man, as in the familiar cognomina 
Nason, Capiton, &e. Thus again, leon, “a lion,” is in reality formed 
of two words, le or li, the simple name of the animal, and on, man or 
male, The form /i (nom. A:s) oceurs in the Greek language as well as 
Aewv ; and moreover, if the name of the animal was thus monosyllabic, 
it is seen at once how natural it was to adopt it, as was in fact the 


the | case, for the hieroglyphical symbol, or at any rate for the Hebrew 


character of the letter , The addition of the feminine suffix ina or 
aina to the same root le gave the female, leaena ; and indeed the same 
suffix appears in gallinu, regina, the Greek BaoiAwva, the German 
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kéniginn, &. Of the male other examples may be secn in 
centurion-, caupon-, faleon-, pavon-, &c.; the last of which may be com- 
ah with the Greck raw-s, and the lish he most 
requent suffix in the Greek language to denote the feminine is the 

syllable sa, as in domeca, xiAscoa, and the participles turrovrca, the 
nt of rurrovea, Tuplerroa, afterwards tupdaca. The same suflix 

is found in the Gothic, as gaitsa, capra ; and in German, as farre, a 
bull, farse, a cow. Our own language too is familiar with what is 
robably the same suflix in seamstr-ess, laundr-ess (from lavender-ess). 

n the Greek language this suffix appears at times to have lost its 

sibilant, as was so common in that language. Hence the forms BaciAe- 
ta, ofe-1a, Tetupua, for TeTupor-ia, 

In the Latin language a mere vowel a, but originally a long a, as is 
proved by the Sanscrit, by the oblique cases of the Latin first declen- 
sion, and in old Latin even by the nominative, for the forms aquila, 
sancté silia, &c., occur in the earliest poets, while the Greek too has 
not a few nominatives with a long a, But the forms scriba, incola, &c., 
with the numerous proper names, Cinna, Sulla, &e., prove that the 
notion of the female was not inherent in this declension; and probably 
the fact was that there co-existed in primeval Indo-European language 
two dialects, one preferring a, the other o ( isely as in our own 
island, there are the two forms to and twa, who and wha, one and 
ane); and secondly, that by a false refinement in language, an arbitrary 

istinction of gender was set up between them. The same argument 

of course applies to the Greek form a@ya0o-s and eyafa or ayaén, in 
which it must be carefully recollected that the sibilant at the end of 
ayatos has nothing to do with the question, as it is simply the represen- 
tative of the nominative case. It should also be recollected that the 
older Greek uage abounds in the common adjectives, such as 6 and 
4 ebavaros. oreover the advocates of an original distinction of 
_ gender in the two first declensions have to explain the anomalies of 
7 680s; &e., and the Latin fagus, &c. Again, that the Latin forms 
bono- and bona- were originally but dialectic varieties appears to be 
established by the consideration that nearly all derivatives from the 
second declension take an a, as albare, aurare, &c., a strange con- 
sequence of which is, that the Latin language is almost wholly de- 
rived of a conjugation of verbs in @ corresponding to the Greek 

o-w, Itis another strange fact, that in Gothic the forms in a are 

masculine, those in o feminine. 

Lastly, every language has the power of denoting gender by the 
addition of a distinct word, as in jack-snipe, cock-sparrow, tom-cat. 
This use of the names of men is seen in other languages besides our 
own. Thus the Anglo-Saxon employs carl for this purpose. In the 
German tduherich giiuserich, it would be wrong, however tempting, to 
asume that the past erich is the prenomen; we should rather divide 
the words so as to give to er the notion of a male, and to ich that 
of adiminutive. Thus téub-er-ich is the “little-male-dove.” Violent 
corruptions of this form exist in our tongue in lark, abbreviated from 
laverock, a term still used in Scotland ; and drake from andrake, itself a 
corruption from anat-er-ock. 

The suffix ster of our own language marks a female agent, and still 

es the sense in spinster. The words bagster, webster, brewster, 
refer to offices not ill-suited to the female, but they have now dis- 
appeared as appellatives, and are employed, in England at least, solely 
as surnames. The male terms which co) nd to them are of course 
baker, weaver, brewer. It is in the Dutch that the best evidence exists 
to show that ster is truly a suffix to denote female agents, 

Nothing has been said of suffixes to denote the neuter gender; 
simply because there exist, strictly speaking, no such suffixes, There 
are indeed appearances of such additions; first, in the Greek neuters 
ayadoy, and the Latin bonum ; secondly, in the neuter pronouns of the 
Latin language terminating with a d, which correspond to an 8 in 
German and a ¢ in English ; as quod, was, what ; id, es, it, &e. Of the 
first class it is enough perhaps to throw out a suspicion that the m and 
d (s, t) were originally part of the stem of the noun, and no case- 
ending. 

In the Scandinayian languages, as now existing, the genders have 
a peculiar character, consisting of a neuter, if gender it can be called, 
and a common gender, which includes the masculine and feminine, 
By a strange accident, the definite and indefinite articles have here a 
common form, and are distinguished solely by their position. Thus 
the word one or an, a8 written by us, is represented by en m. or f., et 
n.; while the definite article, of the same form, but no way related to 
it, is attached as an enclitic. Thus we have in Danish for the common 
gender: en mand, “aman,” manden, “the man;” en quinde, “a 
woman,” quinden, “the woman,” en dag, “a day,” dagen, “the day ;” 
and for the neuter, et lam, “a lamb,” lammet, “the lamb ;” et ord, “a 
word,” ordet, “the word.” The en et of the definite article may be 
compared with the forms « of ev-0¢v, in of the Latin in-de, and our 
own it. 

GENEALOGY. [Prptoner.] 

GE’NERA, in ancient Greek music, were of three kinds,—the 
Diatonic, Chromatic, and Enharmonic. [Draronre; Curomatic ; En- 
HARMONIC.] These were subdivided into many species, which are 
enum by Gaudentius and Aristoxenus. “ Indeed,” says Sir J. 
Hawkins, “ the representations of the genera and their species, as well 
by diagrams as in words, are almost as numeroits as the writers on 
music.” To that erudite historian of music we refer the reader who 


wishes for more information on a subject in which 
the slightest interest. The modern diatonic and chromatic 
or mie ag peal a ete ns tock instru- 
antiquity, Our onic at on most 
ments,—but a convenient evasion, the mere bestowal of two names on 
one and the same sound. 4 
officers, 
of the 


royal army about the middle of the 15th century, when something — 
like a regular one was first in The 
kings were then consi as holding the chief command of the army 
by virtue of their birth; and, on appointing persons under them to 
Grecia a general superintendence of the they gave to such 
cers the title of liewlenant-general, in order to designate at the same 
time the extent of their duties and their dependence on the 
whom they represented. By a decree made in the year 1450, in 
reign of Charles VIL, John, count of Dunois, was 80 qualified ; and 
the title of lieutenant-general, denoting the immediate commander- 
chief of an army, was long retained in the French service. In the 
course of time, by an abbreviation in language, the prefix of the title 
was omitted, and the term general alone was applied to persons holding 
such command, 


to noblemen chosen at pleasure. In 1218 Philip Augustus conferred — 
the command on Mathieu de Montmorenci, the Constable of France; 
and the successors of that, high office held it till the re-formation 
the army in the reign of Charles VII. 

It must be remarked, however, that at a period more early 
of the creation of lieutenant-generals under the sovereign, the 
captain-general had been conferred on certain officers wi 
jurisdiction over particular districts. This ies of 

to have been first instituted in 1349 by Philip 
placed Guy de Néle, already Maréchal de France, 
Xaintonge; within which he was authorised to inspect the 
fortified towns, and to superintend all the military 
of the duty therefore seems to have resembled that of 
officers now appointed to i divisions of this coun 
colonies. But in 1635, that is, pease hypo eb cr 
of the post of constable of France, Louis I. gave the title 
general, for the army of Italy, to the Duke of Savoy; and 
ment was isely that of commander-in-chief, since it 
above the Maréchal de Créqu, who was previously at 
army. 

It is about this time that the term lieutenant-general, in the 
which it now bears, first . For, according to Pére Daniel, 
p pet ergetowen His inal Richelieu for the fact, when the Prince 
of Condé was le commander-in-chief of the army destined against 
Spain, the Marquis de la Force was i his lieutenant-general, 
and M. de Feuquéres held the same rank under the Duc de ma Satire 
who was to act with an army in Franche-Compté. We have here but 
one lieutenant-general for each army: but the writer above mentioned 
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In the reign of Francis I. the title of colonel-general was instituted ; 
and it was first in 1544 conferred on M. de Taix, with the command of 
all the infantry of the nation. The title existed however only to the 
time of Louis XIV., by whom it was abolished. 
The English nation has nearly followed the practice 
matters oe to the military service. Thus the lord-high-con- 
stable and the lord-marshal of England, in former 
head of the military establishments of the country ; and 
office was su by Henry VIII. in 1521, th 
appears to have been 
which served at 


fee cue occurs in the list of the army St. Quintin in 
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general), But the title of captain-general probably did not long 
pam il for, in the list of the army raised by Elizabeth in 1588, 
the highest officer is styled lieutenant-general, the queen herself being 
probably considered as the commander-in-chief. In the army which, 

1620, it was proposed to raise for the recovery of the Palatinate, 
and in that raised by Charles I. in 1639, the commander is entitled 
the lord-general; a lieutenant-general appears as the second in 
id, and the third is designated sergeant-major-general. It was 
probably soon after this time that the last officer was called simply 
major-general; for we find that in 1656 Cromwell appointed twelve 
_ officers under that title to have civil and military jurisdiction over the 
counties of England. (Clarendon, b. 15). 

Tt is evident, from the histories of the northern states, that the 
armies in that part of Europe have always been commanded nearly in 
the same manner as those of France and England, Sir James Turner, 
who wrote his ‘ Military Essayes’ in 1670, states that in Germany, 

~and Sweden, the commander-in-chief was designated field- 

_ marshal, and that he had under him lieutenant-generals of the whole 
army, besides generals and major-generals of horse and foot. With 
respect to the first title, he considers it to have been granted, as a 

_ more honourable distinction than that of lieutenant-general, only 
_ . within about fifty years from his time: and he appears to ascribe the 
‘introduction of it to the king of Sweden (Gustavus Adolphus), who, 
he invaded Poland, thought fit fo gratify some of his by 

them lieutenant-field-marshals. ( Pallas Armata,’ ch. 13.) 

that ‘time, both in Germany and Great Britain, such title, 
ig the word lieutenant, has been considered the highest in the 


, during the reign of Louis XIV., and perhaps at an earlier 
naval commander immediately below the rank of vice-admiral 
. A similar designation seems to have 
early employed in the English service, for in the time of Queen 
izabeth the commander of a squadron was called the general ; and, 
late as the time of the Commonwealth, a joint commission of admiral 
r and eee was given to Blake and Montague, though the expedition 

on which the fleet was sent was confined to an object purely naval. 
The administration of military ae Ds — mais - Europe 
cere beh complicated during the eighteenth century, the com- 
- -manders-in-c' on Booman when not actually on the field of battle, found 
occupied with the higher departments of the service ; 
i ble that the number of subordinate generals 
should be increased, in order that all the which were to be taken 
for the immediate eer ney Sep “ armies, an: : a as orgs be the 
necessary supplies, might be duly superinten y responsible officers, 
"Phe division of an army into teria and divisions for the purpose of 
« and also of occupying important positions or of obtaining 
, led also to the a ent of several distinct’ com- 
, each of whom requi his own particular staff; and this 
added to the necessity of having a number of officers 
once to assume the command of troops when circum- 
, r require it, will explain why military men holding the 

rank of general appear now to be so numerous. 

4 the British service there are about 60 full generals, and 100 
- Tieutenant- and 160 major-generals; of this number many command 
alar regiments as colonels, or hold military governments in the 
ntry and colonies; many of them have only local rank; and many 
have retired from the service, retaining the title, but without receiving 

» * or being qualified for obtaining any progressive promotion. 
. "The adjutant and quarter-master-general are officers of the staff. 


[Srarr.] 


“Tn the English army, a general of division is either a major or 


lieutenant-general in command of a division of an army in the 
field, and a -general is either a colonel or major-general in 
command of a the titles only lasting while the officer is 


* holding the command. In the French service however, 

: et brigade and general de division are 
answering to our major-general and lieutenant- 

_ The first notice of a commander of the artillery occurs in the time of 

Richard IIL: this officer was designated simply master of the 

‘ordnance till 1603, when the Earl of Devon was dignified with the title 

of General. The head of this department was, till lately, styled 

of the ordnance. The office is now abolished. 

RAL ASSEMBLY OF THE CHURCH OF SCOTLAND. 

This is the Scottish ecclesiastical parliament; it is a representative, 

i judicial body, which differs omaage es its constitu- 
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nd. The kirk of Scotland in 1859 


ani Pak 1194 ministers. 
General bly meets annually, in the month of May, in 
. The session lasts only ten days; but special business not 


decided within the period of the session may be referred to a com- 
mission, which is, in fact, the Assembly under another name: the 
commission can hold quarterly meetings. The speaker, or president of 
the assembly, is called moderator: he is chosen annually, and is, in 
modern times, a clergyman, it being a rule that the moderator should 
a sermon before the opening of the Assembly; but laymen 

ve occasionally filled the chair. 

Each parish in Scotland has its kirk session, composed of the 
minister and lay elders of the parish, which manages the parochial 
business. From the decision of the kirk session there is an appeal to 
the presbytery in which the parish lies. Each presbytery is composed 
of the ministers and elders of a certain number of parishes; but the 
presbyteries vary considerably in the number of parishes of which 
they are formed. A higher court, called a synod, (of these there are 
sixteen) is composed of two or more presbyteries. From the decision 
of asynod an appeal lies to the General Assembly, whose decision is 
final. The functions of the Assembly are analogous to a combination 
of the functions of both houses of parliament. Its members speak and 
vote ; it judges all matters connected with the government of the 
church; and it can proceed judicially against any member of the 
church, clerical or laical, for alleged impropriety or inconsistency of 
conduct or doctrine. 

The connection of the Church of Scotland with the State is indicated 
in the General Assembly by the presence of a functionary, who, under 
the title of lord-high-commissioner, represents the king or queen. The 
Scottish church however does not recognise the king or queen as head - 
of the church, but as head of the state, with which the church is 
allied, for p of protection and civil authority. The lord-high- 
commissioner ae no voice in the assembly ; business is not necessarily 
interrupted by his absence; and his 
sanction of the civil authority. On the conclusion of the session of 
the General Assembly, the moderator, after mentioning the day in the 
following year on which the Assembly meets again, dissolves the 
meeting in the name of the Lord Jesus Christ, the head of the church 
(sometimes the words ‘the only head’ are used), and then the lord- 
high-commissioner adds the sanction of the civil authority by appointing 
in the name of the king or queen the Assembly to meet on thie day 
named by the moderator. 

The Free Church, since the disruption, has held a General Assembly 
of its own, about the same time as that of the established Church, 
but it is not recognised by the government more than the assemblies 
of other sects for the internal management of their own ecclesiastical 
affairs. 


GENERAL ISSUE. [Preapixa.] ~ 

GENERALISSIMO, the commander-in-chief of an army which 
consists of two or more grand divisions under separate commanders. 
The title is said by Balzac to have been first assumed by Cardinal 
Richelieu, when he led a French army into Italy, and it has been since 
occasionally given to officers at the head of armies on the continent, ~ 
but it has never been adopted in this country. 

GENERATING FUNCTIONS. The term generating function is 
a name given by Laplace to any function of x, considered with reference 
to the coefficients of its expansion in powers of .v, as follows: If 


ge=P0+Yl.c+y2.02+..,+Wn.2" +,.,. 


presence merely implies the 


then $x is the generating function of ¢m, Thus, the generating fune- 
tion of n is x+-(1—z)*, since the coefficient of x" in the expansion of 
the preceding is n. 

The theory of generating functions was investigated by Laplace, and 
it may be found in his ‘Théorie des Probabilités,’ or in Lacroix, 
‘Treatise on the Differential Calculus’ (in the third volume of the 
quarto edition), in the Appendix to the Cambridge translation of 
Lacroix, or in the article on ‘ Probability’ in the ‘ Encyclopedia 
Metropolitana.’ Its principal use is in the solution of equations of 
mri op and in the deduction of theorems connected with that 
subject. 

GENESIS, THE BOOK OF, is the first of the five books of 
Moses, and derives its name from the principal event recorded in it, 
namely, the creation of the world and the human race, which in the 
Septuagint Greek translation is expressed by the word Genesis (Péveois), 
“creation,” or “production.” In the original Hebrew it is named,, 
according to the usual custom, from the first word in the book, 
Bereshith (NONI), “In the beginning.” It is also the first book 
of the Pentateuch, so called from the Greek zrevre, ‘ five,’ and tevxos, 
anj‘implement’ or ‘volume;’ that is, the five-fold volume, which 
comprises the five books of Moses,—Genesis, Exodus, Leviticus, Num- 
bers, and Deuteronomy,—and which down .to the present time form 
one continuous rolled volume in the Hebrew manuscripts. 

It has been thought by many critics that the book of Genesis was 
not written by Moses, There are some passages in it which evidently 
could not have been the composition of Mcses, since they refer to 
events which happened after his death, See c. xiii. 18, c. xxiii. 2, and 
c. xiv. 14, where Hebron and Dan are mentioned, which, we learn from 
other parts of the Bible, had different names in the time of Moses. 
See sho Gen. xxxvi. 31, where an allusion is made to the kings of 
Israel, and a list is given (31-—48) of the princes of Edom, which is the 
same ag the list given in Chronicles i.,c. i. 43—54, But these and 
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similar might easily have been inserted in later times. Dr. | abridged from Clinton's ‘Fasti Hellenici;’ the dates are reckoned 
Graves, in his ‘ Lectures on the Pentateuch,’ and Faber, in his ‘ Hore | from the birth of Abraham :— 


Mosaicew,’ show that there is no other period in the history of the Jews 
to which its composition can be so well referred. The to the 
first volume of the last edition of Rosenmiiller’s ‘Scholia in Vetus 
Testament,’ contains a fair view of the controversy, in which he gives 
many reasons for relinquishing the peer he formerly held, that the 
book of Genesis was not written by Moses, 
pposing Moses to have been the author, it becomes an interesting 
question to ascertain in what manner Moses was enabled to give a 
i of events which happened so many centuries before 
his own age. book must have been com in one of three 
ways: Ist, by immediate revelation of every circumstance from God ; 
Dad, by a collection of ancient traditions; or 3rd, from former docu- 
ments. The first supposition is generally abandoned in the present 
day by all theologians, with the exception of those who believe in the 
Soe! | inspiration of the Scriptures. The second, which is a common 
opinion amongst theologians in this country, would not injure the 
credibility of the book: since Lamech, the 
with Adam ; Shem, the son of Noah, lived in the time of Abra- 
mj; his son Isaac was contemporary with Joseph; and some of the 
contemporaries of Joseph might have known Moses; so that few cat 
sons were required for the transmission of the traditions. The third 
opinion is the one generally received by the German theologians of the 
t day: that they were few, is most probable, but the existence 
of written documents anterior to the time of Moses is unquestionable, 
In Genesis xxvii. the blessing of Isaac on his sons, and in xlix. the 
dying address of Jacob, are both apparently given verbatim. This 
opinion is strengthened by the fact that, in other books of the Penta- 
teuch, reference is made to pre-existing sources. In Numbers xxi. 14, 
there is an avowed quotation, “It is said in the book of the wars of 
the Lord,” &c.; and in xxiii. and xxiv. are given the hymns or parables 
of Balaam in his own words. This does not detract from, but rather 
adds to, the belief that the books were the inspired compositions of 
Moses; for though he may have used such pre-existing documents, and 
though his knowledge of many of the events might have been derived 
from contemporaries,—as, for instance, the Egyptian relation of the 
history of Joseph,—inspiration was not less necessary to enable him 
to distinguish the true from the false, and, while it was not needed in 
the case of the outward facts of Joseph's life and adventures, without 
it he could not have developed the scope of the mystery of Providence 
in those events as affecting the whole remaining history of the Hebrew 
nation. For a further investigation of this point, see Turner's ‘ Com- 
panion to the Book of Genesis,’ New York, 1841, As to the attempts 
* to prove a multiplicity of authorities from the designation of the Deity 
by different names,—as Elohim, God; Jehovah, Lord; and Jehovah- 
Elohim, Lord-God,—Hengstenberg, in his ‘ Authentie des Penta- 
teuches,’ has proved that the variation is always adapted to the sense 
of the passage in which the writer has used it, and never arbitrarily or 
uncertainly. Ranke (‘Untersuchungen iiber der Pentateuch,’ 1840), 
Dreschler (‘Die Einheit und Aechtheit der Genesis,’ 1838), and Mr. 
Turner, have taken the same view, and their works contain disqui- 
sitions on these various significations, by which they endeavour 
successfully to establish grounds of their hypothesis. 

Objections have likewise been urged against the account of the 
Creation in the book of Genesis, as not agreeing with the facts of 
geology and natural history. These have been met by Dr, Pye Smith 
(‘Geology and Scripture’), Dr. Redford (‘ Holy Scripture Verified’), 
Hugh Miller (‘ Footprints of the Creator ’), and others, to whose works 
we refer the reader. 

The chronology of the book of Genesis has occasioned great difficulty. 
This arises from the difference of the Hebrew text from the Septuagint. 
According to the Hebrew text, the Deluge happened a.m. 1656; accord- 
ing to the Septuagint, a.a. 2262; the former giving B.c. 4004, and the 
latter B.c. 5411, as the of the Creation, Dr. Hales, with many 
other critics, considers the dates of the Septuagint to be more in 
accordance with profane history and with the various events related in 
the first chapters of Genesis. Our limits prevent us from giving an 
account of the controversy; we can only refer to the ents in 
Dr. Hales’ ‘ Analysis of Chronology, vol. i. 278-303, and Clinton's 
* Fasti Hellenici, vol. i. pp. 283-301, the latter of whom defends the 
chronology of the Hebrew text, and observes, with much justice, that 
there does not any sufficient reason for inducing the Jews to 
change the sere (0s while the translators of the Septuagint were 
naturally anxious to make the epoch of the Creation more conformable 
with the high pretensions of the Egyptians and Chaldwans. From the 
Deluge to the common date of the birth of Abraham, the Hebrew text 
gives 292 years, the Septuagint 1072, This date is given on the 
authority of Gen. xi. 26: “And Zerah lived 70 years, and begat 
Abram, Nahor,and Haran.” But there is sufficient reason for believing 
that Abraham was not born till 60 years afterwards, and that his name 
is only placed first on the catalogue on account of his celebrity, not 
because he was the first-born, Adding 60 years to the former num- 
bers, we obtain the birth of Abraham according to the Hebrew text, 
A.M. 2008, or B.c. 1996; according to the Sept t, as corrected by 
Dr. Hales and Mr. Clinton, a.m. 3258, or 3.c. 2353, Having obtained 
the birth of Abraham, there is no great difficulty in cvs the 
dates of the principal events that follow. The following table is 
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irth of Abraham in 180th year of Zerab. Gen. xi. 82, xii. 3-5, 


compared with Acts vii, 4. vi 
_ Abraham. Gen. xvii. 17, 


Isaac. Gen. xvii. 17. 

. Death of Sarah, at the age of 127. Gen, xxiii. 1, 2. 

. Marriage of Isaac, at the age of 40. Gen. xxv. 20. 
i Jacob. Gen, xxv. 26. 
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. Joseph, at the of 17, so! ito 

; hyo lsao ah the age of 180. xxxv. 28, 

. Joseph, at the age of 30, governor of Egypt. Gen, xli, 46. 

’ Foon nb She 2s ot 180, aes ee Gen. xlvii. 9, 

. Death of Jacob, at the age of 147. xlvii. 28, 

360. Death of Joseph, at the age of 110, Gen. 1, 26. A 

he following passages are supposed by most Christian divines to be 

prophecies relating to 

xxvi. 4; xxviii. 14; xlix. 10. 
(Eichhorn’s Finleitung in’s Alte Testament; A’ i's Grundriss 

einer historisch-kritischen Einleitung in’s Alte Testament ; Faber's Hore 

Mosaice ; Graves On the Pentateuch ; 


Dissertation on the Fall of Man ; Horne's Introduction to the Scriptures ; 
Von Bohlen, Die Genesis iibersucht, mit Aumerkkungen, 1835; Tush, 
Kommentar iiber die Genesis, 1838.) 
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the fermentation of the 
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Gen. xxxvii, 2, 3 


to Christ :—iii. 15; xii. 3; xviii. 18; xxii. 18; 


Rosenmiiller’s Scholia ; Holden's — 


is, however, 


saccharine principle (which exists to the amount of about 33 per 


hich is con- 


berries can easily be caused to ferment and yield a spirit, or vinegarmay 


be made from them. Geneva is a very hati veil having’ liquor, 
volatile a 


The usual f Pers 
stem requires support. e acceptation of geneva as a 
sbi i 2s at nothing deserving of the name is sold in the 
shops of this country. 
ere ap) to be no real difference between the so-called 

and Hollands ; indeed these two names, as well as Hollands Gi 
now only different designations for the same liquid; but origi 
just observed, Geneva (not named from the Swiss city, but 

rench name, geni2vre, of the juniper), was a different liquid, H, 
or Hollands geneva, or Hollands gin, is a kind of corn-spirit, 
was originally wholly imported from Holland. The best 
made are those of Schiedam, Rotterdam, and Weesoppe, by various 
tillers, each of whom has his own peculiar process. Strasburg 
pentine, fennel seeds, oil of fennel, and hops are used, as well 
juniper, as flayouring ingredients; but it is supposed that the 
riority of Hollands geneva over English gin depends rather on 
peculiar mode of manufacture than on the ingredients employed, and 
on the fact that it becomes aged, or mellowed, or creamed, by remaining 
some time in bond before use. Some of the English rectifiers en- 
deavour to luce a spirit. exactly like Hollands; but a difference 
can always detected by judges. Pure Hollands have less 
acidity than any other spirit in common use. the more 
familiar liquid, gin, this name was an abbreviation of Geneva, and 
was adopted when English rectifiers began to make a liquid 
might share the favour with which Hollands geneva was 
garded. English gin, in the ‘present day, consists of 
spirit, flavoured with oil of turpentine, with a small 
other substances, Juniper may possibl rT 
Hollands geneva, but it-is not in English gin. Each rectifier has a 
rag. of his own, which he does not divulge; and hence the difference 
in flavour between Booths’, Hodges’, Smith’s, Nicholson's, Bristol, 
Plymouth, and other kinds of gin. Of all these it can be said 
that one is better than another, only that they differ, as one kind of 
London porter differs from another. Different kinds of gin have 
the plain-gin flavour, the Hollands flavour, the whiskey flavour, the 
pndhay flavour, &c.; some are intended to present the qualities of ful- 
ness or richness, others piquapay or biting, &. ; and all these differences 
depend on the vegetable substances distilled with or added to the 
crude spirit—such as sugar, juniper, bitter almonds, i 
reser lemon, mentee carraways, args , garlic, Canada caper, 
Strasburg turpentine, » grains o cayenne . 
and various other berries, seeds, fruits, herbs, &c, Sometimes such 
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chemical agents as sulphate of zinc, caustic potash, and sulphuric acid, 
are added; but this is usually for some fraudulent purpose. It is 
believed that London gin, as retailed, is more frequently adulterated 
than any other; because there is a taste in the metropolis for sweetened 
gin; and the addition of sugar masks the taste of some strong substance 
gph Dea very to facilitate a large dilution with ac 

processes of manufacturing these various kinds of spirit are 
described under DisTILLEeRY. 

The importation of geneva, so called in the official returns, has 
varied in the last fifteen years from 130,000 to 430,000 gallons per 
annum; but there are other kinds, called “ other foreign and colonial 
spirits,” distinct from geneva, rum, and brandy, of which quantities 
have been imported varying from 30,000 to 1,100,000 gallons annually, 
and which are probably varieties of corn-spirit. This last-named entry 
has rapidly increased within the last few years. The computed real 
value of the va and corn-spirit imported in 1858 was about 
130,0002, The British spirit charged with home duty, most of which 
is either gin or whiskey, has varied from 20,000,000 to 26,000,000 
gallons yearly in the last few years. The difference between gin and 

iskey, chemically and commercially, is noticed under DistT1LuEry. 
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that 
them of their possessions and gave them to man. We learn from the 
Koran (c. 72) that many of these wicked spirits were converted by 


- hearing Mohammed reading a portion of it, and that those who continue 


believers (called, in c. 27, [frtt) will be condemned to the fires of 
ier hap pete take great interest in human affairs, and to 
ors of much happiness and misery to mankind. (An inter- 
mee mere the. we ders Egyptians) The belt i 
is given in s ‘ tians.’) The belief in such an 
cetiey dam af beings between divinity and humanity has been 
yery extensive. The Greeks had their daiuoves; the Romans their 
Genii [Gentus]; the Chinese have their good and evil beings, and 
every town or province chooses one for its protector, to whom the 
ging dag his admittance to office, for support and assistance 
his charge; and the Africans have their fetishes. It must be 
admitted, however, that none are so fanciful and poetical as the genii 
“ear 
Roman genii are represented in works of art as winged figures; 
eee re Peueatiy figured contending in chariot races: in friezes 
in the British Museum their chariots are drawn by dogs, but they 
are seen driving horses. Genii are commonly introduced by 
sculptors on monuments, &c.; sometimes they carry a cornucopia ; 


at others support the portrait of the deceased, or bear his 
armour, &c. 
GENITIVE. [Aptarttve Casz.] 


GENIUS, in ita original acceptation, denoted the tutelary god or 
ich, according to an ancient and common superstition, was 
, to every individual at his birth, to guide and rule him during 
preside over his fortunes and destiny, and eventually to lead 

zim from existence ; and it was sup) that the variety observable 
‘in the characters and capacities of different men was dependent upon 


in a few individuals, or, by a 
metonymy, the person possessed excellence. 
r else that is truly beautiful and great, Genius has in 


some particular direction.” Generall 
fection of human intelligence. iad au thie rpaiata tthe highest 
possible activity of the mental energi 


ing great can be accomplished without that 
c by some dominant idea, to which all 
else is made subordinate and postponed; and its chief faculties 
are the reason and the imagination, which alone are inventive and 


e, 
But according as one or other of these faculties inates, genius 
becomes either scientific, artistic, or ic. In Seidacee th colons 
at once those hidden affinities which otherwise do not reveal them- 
rere aul most patient and rigorous application; and as it 
i eternal, 


it produces 
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in due and appropriate forms, it realises the infinite under finite types, 
and so creates the beautiful. : 

But even the most eminent genius must duly form and develope itself 
by a careful contemplation of the beautiful and true which the great 

iuses of past time may Have created and discovered. It is by 

king exclusively to this circumstance, that those who deny any 
original inequality among men have been led to maintain that what is 
called genius is simply a result of education and culture ; while on the 
other hand an equally partial consideration of those extraordinary 
powers which have occasionally been exhibited in totally uneducated 
minds, and under the most unfavourable circumstances, has deceived 
the zealous partisans of original genius. 

In active life the grand and ambitious designs of successful states- 
men and conquerors are often ascribed to genius, but they belong more 
properly to the energy of the will than to that of the intellect, to force 
of character rather than to power of mind. 

The phrase “ universal genius,” in order to be legitimate, requires to 
be limited in one or other of its terms. When applied to a Fontenelle 
we must restrict the signification of genius to the power and capacities 
of the human mind in general; and it is only by confining the term 
universal to all the subordinate branches either of art or science, that 
it is even allowable to ascribe it to thg genius of a Shakspere, a Michel 
Angelo, or a Leibnitz. 

Genius and fancy are often confounded: the latter is undeniably a 
pre-eminent capacity, but it exerts itself rather tu imitate than to 
invent, and is devoid ¢f all enthusiasm. 

GENOUILLERE. his is the term applied in fortification to that 
portion of the interior slope of the parapet, which is below the sill of 
the embrasure and in front of and covering the gun-carriage. 

GENTIA/NA LU’TEA, a perennial plant, common in the moun- 
tainous and sub-alpine districts of Switzerland, Germany, &c. Though 
the whole plant is bitter, yet as this property is most concentrated 
in the root, that part only is officinal. The root should be taken up in 
autumn, and is best when the plant is only one year old. It is 
generally cylindrical, often an inch thick at the summit, but below 
rather branched, of a dark or brown colour externally ; internally fleshy 
and yellow. In commerce it is met with in pieces, cut longitudinally, 
from six inches to a foot in length. A transverse section displays 
three distinct circles, The greater portion is procured from Ger- 
many; the specimens from Switzerland are generally thicker and 
darker coloured. 

When fresh it has some smell, which is almost entirely lost by 

ing. The taste is at first somewhat sweet, then purely an strongly 
bitter. According to the analysis of Henry and Caventou, it contains 
a principle termed Gentianin, which is crystallisable; a volatile 
odorous principle, a greenish fixed oil, a free organic acid, uncrystal- 
lisable sugar, gum, colouring matter, &c. The oil is in very minute 
proportion ; three cwts. yield only half a drachm of oil. The so-called 
gentianin consists of two distinct principles: one tasteless and 
crystalline, gentisin or gentisic acid, the other bitter gentianite. 

Owing to its saccharine matter it soon moulds in a damp place, and 
should therefore be kept in a dry airy situation. From the abundance 
of the sugar, it is easily susceptible of fermentation, and from it is 
distilled a spirit, called Enziangeist, or “ bitter snaps,” much employed 
by the peasants on the Swiss Alps to fortify the system against the 
fogs and damps of these lofty regions. Strangers should be sparing in 
the use of this, as it contains a narcotic principle in addition to the 
spirit. 

Yellow gentian-root is often confounded with the roots of other 
species of this genus, a circumstance attended with no bad conse- 

uences, but unfortunately roots of very poisonous plants, growing in 

e same locality, are often taken up instead of the proper one; these 
are, the Veratrum album (white hellebore), the leaves of which resemble 
those of gentian in their peculiar venation, but are alternate, while 
those of gentian are opposite—the root is very different, and besides 
this, it contains Veretria; and the Atropa Belladonna (deadly night- 
shade), which, besides differences in the physical characters, is devoid 
of the peculiar bitter of gentian, and acquires a bluish-black colour 
from tincture of iodine. The roots of Aconitum Lycoctonum and 
Ranunculus Thora are occasionally confounded with gentian-root. 

Gentian-root is a pure and excellent bitter tonic, useful in all cases 
of debility, whether of the stomach only, or of the system generally. 
It possesses facilities, from not being decomposed, of being adminis- 
tered along with many metallic salts. It yields its properties to 
water, particularly when warm, to alcohol, and to wine. The simple 
infusion, and not the compound, of the ‘London Pharmacopeia’ 
should be employed, when any salts of iron are prescribed in the same 
formula, The extract is an eligible means of giving bulk, when 
several antispasmodic remedies, of which the dose is minute, are to be 
made into pills, such as oxide of zinc, protosulphate of iron, or extract 
of aconite. In the West Indies a preparation of gentian is used dail, 
before meals, to give tone to the languid stomach. Stoughton’s 
elixir, which is what is commonly used for this purpose, is only a 
gncke’ imitation of the compound tincture of gentian of the 

harmacopcei 


In the Bast Indies several species are used as bitter tonics. The 
Chirayita, or Chiretta, in the form of a cold infusion, is much prized 
for its tonic and febrifugal virtues, Guibourt contends that this plant 
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* jg the Calamus aromaticus of the ancients, an opinion from which Dr. 
Royle dissents. (‘ Flora of the Himalaya,’ p. 277.) - 
GENTIANIC ACID (C, HO, ") 5 Gentianin ; a crystalline acid 
extracted from the root of the Gentiana lutea, It is very slightly 
soluble in water, little more so‘in ether, but readily soluble in boiling 
alcohol. It does not redden litmus. Acted upon by nitric acid, it 
gives nitro-gentianic acid (C,,H,(NO,),0,, + 2Aq.). 

GENTIANIN. [Geyrtanro Acrw.} 

GENTLEMAN, a corruption of gentilhomme, our Saxon ancestors 
having very early substituted “ mon,” or “ man,” for the corresponding 
term of the Norman-French, from which they originally received the 
term. Some form of this word (a compound of gentile and homo) is 
found in all the Romance languages’ entil-homme in French, gentil- 
tomo in Italian, and gentil-hombre in Spanish), and it is undoubtedly 
one of the many traces of the great influence which the laws and polity 
of Rome exercised upon modern society and civilisation. 

In the earliest form of the Roman constitution the populus, or ruling 
portion of the community, was divided into gentes, who were united by 
a common name, and the performance of certain sacred rights. Each) 
gens was again subdivided into several familie, distinguished by a sur- 
name in addition to the common gentile appellation. Thus, the gens 
Cornelia comprised the families of the Scipiones, the Lentuli, the 
Sylle, &e. Now, in default of the Agnati, or of heirs in the male line, 
the property of the family reverted, not to the whole populus, in 
whom, of strict right, the sovereignty lay, but to the gens to whom it 
had transferred its rights. .“ 

This right of reversionary succession, especially in the case of 
usufr Y possessions of the public lands, being the most valuable 
and important privilege of the patricians, was brought prominently 
forward in the quarrels between the nobles and the plebeians, and the 
_— gentem habere (Livy, x. 8) is often employed as distinctive of the 
er. Afterwards, when the members of the plebs obtained the 
right of intermarriage with the patrician families, and an access to 
the honours of the state, which conferred the jus imaginum, or nobility, 
they also received the rights and privilege of gentes. To be admitted 
into a gens, became henceforward equivalent to a patent of nobility in 
modern times, and gentilis is accordingly widely defined by Cicero 
‘ Top.’ 6) as denoting those who were of the same name and stock, 
born, in the full enjoyment of all the rights of citizenship, and 
whose ancestors were always free. Hence, also, in an opposite sense, 
* sine gente” is employed by Horace (‘ Sat.’ ii., v.15) and Suetonius 
(‘ Tib.’ 1) for ignobly born and of servile parentage. 

This privilege of succession, which was called jus gentilitatis, or 
simply gentilitas (Cic.,‘De Oratore,’ i. 88), and formed one of the 
enactments of the Twelve Tables, was gradually undermined the 
encroachments of the pretors on the civil law, and finally disappeared 

Gaius, iii. 25); but the name has survived jn all the languages of 
estern Europe. 

According to Selden (‘Titles of Honour,’ p. 852), “a gentleman is 
one that either, from the blood of his ancestors, or the favour of his 
soveraigne, or of those that have the vertue of soveraigntie in them, or 
from his own vertue, employment, or otherwise, according to the cus- 
tomes of honour in his countrie, is ennobled, made gentile, or so raised 
to an eminencie above the multitude, that by those lawes and customes 
he be truly nobilis, or noble, whether he have any title, or not, fixed 
besides on him.” That the word was formerly employed in this exten- 
sive signification is clear from a patent of Richard II., by which one 
John de Kingston is received into the estate of a gentleman and 
created an esquire (“ Nous lui avons resceivez en l’estate de gentil- 
home et lui fait esquier”); and from another of Henry VI., who there, 
by the term “ nobilitamus,” creates one Bernard Angevin, a Bourdelois, 
agentleman. And, according to Smith (‘De Rep. Ang.,’ lib. i, c. 20, 
21), under the denomination of gentleman are comprised all above 
yeomen, whereby noblemen are truly called gentlemen. 

In a narrower sense, a gentleman is generally defined to be “ one 
who, without any title, bears a coat of arms, or whose ancestors have 
been freemen ; and by the coat that a gentleman giveth, he is known 
to be, or not, descended from those of his name that lived many hun- 
dred years since.” (Jacobs’‘ Law Dictionary.’) There is also said to 
be a gentleman by office and in reputation, as well as those that are 
born such (2 ‘ Inst.’ 668); and, according to Blackstone, quoting Sir 
Thomas Smith (1 ‘Comm.,’ p. 406), “ Whosoever studieth the laws of 
the realm, who studieth in the universities, who professeth the liberal 
sciences, and (to be short) who can live idly and without manual 
labour, and well bear the port, charge, and countenance of a gentleman, 
he shall be called master, and taken for a gentleman.” 

The learned author must have been somewhat puzzled with his 
definition of a gentleman, as understood in his time. Having defined 
4 gentleman to be one who studieth the laws, &c., he adds (to be short) 
that he who can live idly and bear the port, &c., of a gentleman, is a 
gentleman ; that is, if he can live idly, and if he ean also do as a gen- 
tleman does (it not being said what this is), he isa gentleman. Perhaps 
4 definition of the term, as now used, would not be easily made; it 
being extended by the courtesy of modern manners to many who do 
not come within the ancient acceptation of the term, and denied by 
public opinion to many whose rank and wealth do not make up for the 
want of other pues 


GENUS, in Physics, signifies a multitude or class of objects possessing 
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and, upon an examination of several objects, we observe points 
of agreement and difference between them. the power whi eae 
possess of concentrating our faculties, we are enabled to consider these — 
mutual relations and resemblances without any regard to their differ- 
ences: we, as it were, draw the one away from the other ; } 
abstract them. 

Now, by abstraction, we may either confine our view 
inherent in some _ ind ently _ yay or else, 
the many points of disagreement w 
objects, we may seize upon the qualities that belong 
in order to combine them into a single idea. In the former 
notion is simply abstract ; in the latter it is abstract and gen 
the multitude of objects to which we apply the general noti 
common term constitutes a genus. Lis by 

In this operation we may proceed continually neglecting 
succession a greater number of differences, and comprising 
common denomination fewer points of 
In this manner we form a series of notions or of 
lower order, until we ultimately arrive at the highest possib! ' 
being. In this coordination of genera, every intermediate a 
called a subaltern genus or species, being such in respect of different 
other terms ; for that of which a higher genus is predicated is called a 
species, while relatively to all lower species it is itself a Lastly, 
that which is not contained under any higher, is called the summum — 
genus, and that under which individ ly are comprised is usually 
called the injima species. : 

These general notions and ples of 
and arran 
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them, as it were, a part of its own verity and existence, 
according to them our confidence in science and action. 
GEOCENTRIC (having the earth as centre), 2 term applied to 
of a planet, as seen from the centre of the earth, in opposi 
its heliocentric place, as seen from the centre of the sun. Bh ariee 
GEO’DESY is that branch of applied mathematics which determines 
the figures and areas of large portions of the earth’s surface, the general 
figure of the earth, and the variations of the intensity of gravity in 
different regions, by means of direct observation and measurement. 
Some of the ancient philosophers, who lived several centuries before 
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long afterwards pursued the same object, and the Caliph Almamoun, 


potamia, an example which, after another long interval, was imita’ 
Snellius in Holland, Norwood in England, and by several French 
Spanish mathematicians. Richer observed a variation in the length 
the seconds’ pendulum when sent to Cayenne by the French A 
of Sciences, the true cause of which phenomenon was explained by 
Newton; for the centrifugal force arising from the earth's re 
round its axis in twenty-four hours is direct! Cpppaed to the force of 
gravity at the equator, and in, other latitudes the of this force 
which acts in the direction of the plumb-line is nearly pro, 
the square of the cosine of the latitude. He has also 
‘Principia’ that a uniform fluid spheroid, in which the 
centrifugal force to the attraction at the surface was the sam 
the would be in equilibrium when the axis of revoluti 
less than the equatorial diameter by 1-230th of the latter. 
time measurements have been undertaken under the directi 
various ts of Europe, to determine if the globe were rea 
Saliensl ok the poles, aid ales Sor the purpose of forming exact maps 
with to the latitude, longitude, and altitude, above the level of 
the sea, of places in their dominions ; and lastly, the French 
have deduced their legal metré of length from the measurement of a 
particular meridian are. Jacobi has lately shown that a rev fluid 
ellipsoid, having three unequal axes, may also present a 
uilibrium. 
“The result of #0 ng Haase enterprises has not been as successful 
as could be wished. 
were faulty in computation, and 
Newton's some able ma‘ 
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these false conclusions t 
survey has been since PRR ry Pea asd all the methods which have been 
employed in the numerous trials undertaken in this and the last 
century agree in proving that the polar axis of the earth is shorter 
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Picard, in 1669, undertook to measure the meridional are between 
Paris and Amiens. This operation was conducted with far greater 
precision than any previous one of the same kind, and the result had a 
memorable application, as it furnished Newton with a sufficiently 
aceurate knowledge of the earth’s diameter, and consequently of the 
dimensions of the lunar orbit, to enable him to compute the force of 
terrestrial attraction at the distance of the moon, and thereby establish 
the law of gravitation. The angles were measured with a quadrant, 
furnished with telescopes having cross-wires in their foci (an improve- 
ment in the art of observing then newly introduced), and the sides 
computed from a base of 5663 toises. The latitudes were observed 
with a zenith sector at Malvoisine (near Paris), at Amiens, and at an 
intermediate point, so that two comparisons of celestial and terrestrial 
ares were obtained, the mean of which gave 1°= 57,060 toises, equivalent 
to 364,876 English feet, or about 69°1 miles. This is a very near 


the | approximation to the true length of the degree at the same place, as it 


is given by recent and more exact determinations, but it proceeded, in 
part, from an accidental compensation of errors, (Picard, ‘ Mesure de 
la Terre,’ folio, 1671; ‘ Dégré du Méridien entre Paris et Amiens, par 
M. Picard, avec les Observations de MM. de Maupertuis, Clairaut, 
Camus, Le Monnier, 8vo.’ 1740.) 

Picard’s measurement gave rise to a more extensive operation, —-the 
prolongation of the meridian through the whole extent of the French 
poe eel ase the construction of a geometrical map of France. The, 
triangulation for this ol was begun in 1683 by Dominic Cassini, 
but after a few angles been measured, the work was suspended till 
1700, when it was resumed, and in the following year the triangles were 
extended to the Pyrenees. The northern part, from Paris to Dunkirk, 
was completed by James Cassini, in 1718. Cassini adopted Picard’s 
base, but two bases of verification were measured near the extremities 
of the arc. A very unexpected result was deduced from this operation, 
On comparing the celestial are with the measured distance between the 


cal | parallels of Paris and Collioure (the southern extremity), the length of 


degrees, or accurately delineating considerable 
_ portions of the earth's surface; to describe the general nature and 
ions to be performed in carrying on such surveys, 
] the upon which the computations are made; and to 

_ state the dimensions of the earth, considered as the spheroid of revo- 


meridional arcs which appear to have been executed with 


the precision. 5 
a ee to geodetic operations 
belongs to Willebrord [SNexx, in Bros. Drv.], who in 1617 under- 


took a survey of ot ogee esony Pil x be homge nary the 
geographical acca i principal cities country, and 
_ measuring a degree of the terrestrial meridian. The method which he 
____ followed was the eame in principle as that which would be adopted at the 
present time. Having formed a series of triangles extending over the 
country, he observed their angles with a quadrant, and computed their 
es from a base which was carefully measured with wooden hes 
He also determined the direction of the meridian at 
cary and observed its inclination toa side of one of his triangles, 
th.reby obtained the bearings of the different angular points. 
‘Lastly, by observing the altitude of the pole-star with a five-fect 
quadrant at Alkmaar, Leyden, and -op-zoom, he determined the 
a of two celestial arcs; and on comparing the amplitudes 
, the terrestrial distances computed from the triangles, and reduced 
_ to the direction of the meridian, he concluded the length of a degree 
to be 28,500 Rheinland or 55,100 French toises, equivalent to 
abou 4 tars parla The result is about three miles too small. 
1621 measured a new base, and was preparing to correct some 
ee which he had detected in the calculations, when his labours 
rere cut short by his early death. Musschenbroek, a century after- 
wards, re-observed the latitudes, and revised the calculations, and 
found 1°=57,003 toises, or 69 miles. (Snellius, ‘ Eratosthenes Batavus 
de Terre ambitus vera quantitate,’ &c., Lugduni Bat.,1617 ; Musschen- 
broek, ‘ Dissertationes Physicz, &c., Ib., 1729. 
About the middle of the same century Riccioli and Grimaldi undertook 
_ to measure an are of a circle of the earth in Lombardy. They 
formed a chain of triangles between Bol and Modena, observed their 
angles wit! a quadrant, and computed their sides from a base measured 
on the road leading out of The distance between the two cities 
was found to be 20,439 paces. Instead of reducing this distance to 
_ the meridian, according to the method of Snell, Riccioli sought to 
determine the are of e vertical circle in the heavens intercepted 
between the zeniths of the two stations. 


This determination, which 
presumes an accurate knowledge of the latitudes and the dvclinations 
of the stars, could not, in the state of astronomy at that time, be made 
with sufficient ision, and Lge 3 the result was still more 
_ erroneous than of Snell. He found the rg rin of the celestial 
are to be 19’ 25", whence 1°= 63,159 cs i fa nearly 744 
lish miles. (Riccioli, ‘Geographie et Hydrographie Reformate 

ri XIL.,’ &c., Bonnonix, 1661.) 
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the degree was found to be 57,097 toises, while the are between Paris 
and Dunkirk gave 1°= 56,956 toises. From this it appeared that the 
degrees of the meridian become shorter as the latitude increases—a, 
consequence directly opposed to the theory of attraction. (Cassini, 
*Traité de la Grandeur et de la Figure de la Terre,” Paris, 1720; 
Amsterdam, 1723.) , 

The discussions to which this result gave rise in the Academy of 
Sciences were the immediate cause of the two celebrated expeditions 
to Peru and Lapland, which a few years later were und rtaken under 
the auspices of the French government for the purpose of definitively 
settling the question of the compression of the earth. In 1735 
Pouguer, La Condamine, and Gedin, members of the Academy, set sail 
for Peru, where they were joined by two Spanish officers, Juan and 
Ulloa. From the unfavourable nature of the country, the defective 
state of their instruments, and other causes, this party encountered 
very great difficulties, and several years elapsed before they were 
enabled to complete their object. An arc was at length measured on 
the plain of Quito, between the parallels of 2’ 31" N. and 8° 4’ 32" 8, 
lat. A primary base of 6274 toises was measured by Bouguer and 
Godin tely ; and a base of verification at the southern extremit; 
of 5259 toises was found to differ less than a toise from the length 
computed from the first base through the series of triangles. The 
measuring-rods were of deal, 20 feet in length, and compared daily with 
an iron toise, which from this application has been called the toise of 
Peru, and become celebrated in the history of geodesy, being in fact 
the standard to which all the degrees measured on the Continent 
have been ultimately referred, and in terms of which the greater 
number of them have been expressed. The angles were measured with 
quadrants of 24 feet radius, and reduced to the horizon by calculation; 
in some instances the difference of altitude of two signals observed 
from the same station exceeded a mile. The latitudes at the 
extremities were observed simultaneously with zenith sectors. Thred 
different results were computed. Bouguer found the length of the 
degree, reduced to the sea-level, to be 56,753 toises at the temperature 
of 18° of Réaumur’s scale (61}° Fahrenheit); Condamine found 
56,749 toises, and the Spanish officers 56,768 toises. (Bouguer,‘ La 
Figure de la Terre, &¢.,1749; Condamine, ‘ Mesure des Trois Premiers 
Dégrés de Méridien dans l'Hemisphére Australe,’ 1751; Juan and 
Ulloa, ‘ Voyage Historique de l’Amérique méridionale,’ 1752.) 2 

While Bouguer and his associates were carrying on their operations 
in Peru, an are of the meridian was measured near the polar cirele by 
Maupertuis, Clairaut, Camus, Lemonnier, and Outhier. This party. 
reached Tornea, at the extremity of the Gulf of Bothnia, in 1736, and 
established a chain of triangles along the line of the river stretchin, 
northward to the parallel of 66° 48’ 22" N. lat. A base was iasbeared 
on the frozen surface of the river. The latitudes were observed with 
a zenith sector by Graham. The amplitude was found to be 57’ 29"°6, 
and the terrestrial distance between the parallels 55,023 toises ; whence 
1°=57,422 toises, exceeding Picard’s degree by 362 toises. This 
result (which however is now supposed to err considerably in beri | 
put an end to all doubts respecting the decrease of the meridiona 
degrees on going from the equator, and the consequent compression of 
the earth at the poles. (Maupertuis, ‘La Figure de la Terre déter- 
minée par les Observations au Cercle Polaire,’ 1738.) 

Soon after the return of Maupertuis and his party from the polar 
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circle, an important pete fo nee pers in France by Cassin! 
de Thury and Lacaille, for the purpose of verifying the former measure 
of the meridian and laying the foundation of an accurate map of the 
kingdom. . Six new bases were measured, each twice; that near Paris 
five times, The were observed with a 2-feet quadrant, and 
were reduced to the horizon and centre of the station. The latitudes 
were observed at the extremities and three intermediate stations ; and 
the length of the degree deduced from each of the four arcs. The 
results are not now important, as the same arc has since been measured 
with still greater-precision by Mechain and Delambre, . In the course 
of the operation the length of a degree of longitude was also deter- 
mined. The terrestrial arc extended across the mouth of the Rhéne 
from Cette in Languedoc to Mont St. Victoire in Provence; and the 
difference of longitude was found by exploding gunpowder in the open 
air at an intermediate station, and noting the difference of the apparent 
times at which the flash was seen at, both extremities, (‘La Méri- 
dienne de l'Observatoire Royal de Paris Vérifiée, &c.,’ 1744.) 

In 1751 Boscovich and Lemaire began a survey of the Papal States, 
and in the course of the operation determined the meridional distance 
between the parallels of Rome and Rimini. The sides of the triangles 
were computed from a base measured on the seashore near the latter 
place, which consisted of two parts making an angle of 170° 52’ 15". 
Another base was measured on the Via Appia, near Rome. The 
angles were observed with a quadrant of 3 feet, and the latitudes with 
a sector of 9 feet. The result gave 1°= 56,979 toises; but it has been 
shown to be affected with errors of considerable magnitude. (Boscovich, 
* De Litteraria Expeditione per Pontificam Ditionem ad dimentiendos 
duos Meridiani Gradus, &c.,) Romx, 1755; De Zach, ‘ Correspondance 
Astronomique,’ vol. vi.) 

Lacaille, in 1752, measured an arc of meridian at the Cape of Good 
Hope. The two extremities were connected by two large triangles, 
whose common side was deduced by means of two small triangles from 
a base of 6467-25 toises (7°8 miles), situated near the middle of the 
are. The amplitude (1° 13’ 17"°33) was determined with a zenith 
sector of 6 feet, and the angles were measured with a 3-feet quadrant. 
The final result gave 1°= 57,037 toises, or 364,728 English feet, which 
is nearly equal to the degrees measured in France, 10° farther from 
the equator. (Lacaille, ‘Mémoires de l'Acad. Royale des Sciences’ 
for 1751; ‘ Fundamenta Astronomimw, 1759.) It will be seen that 
Mr. Maclear has recently succeeded in satisfactorily accounting for 
this apparent anomaly. ‘ 

Beccaria, between 1762 and 1764, measured an arc of the meridian 
in Lombardy. The instruments and methods used were similar to 
those of Boscovich. The amplitude was 1° 7’ 47"°7, and the length of 
the degree found equal to 57,468 toises, This result greatly exceeds 
that which other measurers gave reason to expect; and the cause has 
been ascribed to the disturbance of the plumb-line of the sector by 
the attraction of the mountain masses on which the are abutted at 
both extremities. (Beccaria, ‘Gradus Taurinensis,’ &., 1774.) This 
are was re-measured by Plana and Carlini in 1822, who found the 
amplitude to be 1° 7’ 31°07, and the degree equal to 57,625 toises, a 
result still more at variance with other determinations. 

Two surveys, executed by Liesganig in Austria and Hungary, 
between 1762 and 1769, have been usually cited in the history of 

etic measures, but are now known to be deserving of no credit. 
he Austrian operation comprehended nearly three degrees of the 
meridian of Vienna, from Brunn in Moravia, to Varasdin in Croatia; 
and since the beginning of the present century the triangles have been 
re-measured in the course of a general trigonometrical survey of the 
Austrian states. For some distance from Brunn, Liesganig’s results 
with the recent ones; but in the last triangles (in q i 
it is supposed, of mistaking a signal) the errors in the length of the 
sides are from 1066 to 2509 toises; while that in the length of 
the meridional are amounts to 4533 toises. Baron Zach, who examined 
the manuscripts of Liesganig, affirms that both the astronomical and 
geodetical observations were not only faulty and ill calculated, but de- 
signedly altered to produce a better agreement, (Li ig, ‘ Dimensio 
uum Meridianii Viennensis et Hungarici,’ Viennw,1770 ; De Zach, 
Correspondance Astronomique,’ vol, vii.) 

The resolution adopted by the French Convention in 1791 to 
establish a decimal system of weights and measures of which the unit 
should be an aliquot part of the quadrant of the meridian, gave rise to 
a remeasurement of the meridian of Paris from Dunkirk to Barcelona. 
In the conduct of this survey, the most important in reference to the 
figure of the earth that has yet been executed, the French astronomers 
introduced numerous important improvements both into the theory 
and practice of geodesy. The northern part, from Dunkirk to Rhodez, 
including about two-thirds of the whole, was assigned to Delambre, 
and the southern, from Rhodez to Barcelona, to Mechain. ‘Two bases 
were measured near the extremities; one at Melun, the other near 
Perpignan, by a method which will be described farther on. All the 
angles, geodetical and astronomical, were measured with repeati 
circles, and the observations were examined and compared by special 
commissioners, who fixed the mean values to be used, and directed the 
calculations. The azimuths and latitudes were determined at five 
stations, Dunkirk, Paris, Evaux, Carcassonne, and Montjouy, so that 
the whole was divided into four partial arcs, the 1 and ampli- 
tudes of which are given in the table at the end of this article, 


°o 


only about a mile distant from Montjouy, he found a discordance 
between the results at these two places amounting to 3", and all his 
efforts to reconcile or explain the inconsistency were fruitless. 

From the results of this operation, compared with the degree 
measured in Peru, the, dimensions and ellipticity of the earth were 
deduced, and the métre determined. The earth was assumed to 
spheroid of revolution; the deduced ellipticity was 1+-334; 
méatre, or ten-millionth part of the q t of the meridian, 
temperature of freezing water, was fixed at 443,296 lines of the 
Peru, the normal temperature of the iron toise 13° of 
or 61° 15’ of Fahr. ‘(‘ Base du Systéme Métrique 


4to., Paris, 1805, 1807, 1810.) 

The prolongation of the meridian thro Spain, which formed 

of tha crrghiel sree ae by the death of Mechain, 

ut was subsequently effected (1807-1809) by Biot and Arago. 
means of a very large triangle, one side of which exceeded 100 miles, 
they connected the island of Iviza with the coast of Valentia; and 
another triangle carried the are to Formentera, a small island still — 
farther to the south. The amplitude was thus increased to upwards 
of 12} degrees. (Biot and Arago, ‘ Recueil d’Observations Géode- 
me 94 &c., 1821.) - : Ne ae 

t is a circumstance deserving of notice, that notwithstanding 

parade of a commission and the extraordinary precautions taken to 
ensure in the computations, a serious error was committed 
with respect to this arc, which was only recently detected by Puissant. 
It appears that, through inadvertence or the misapprehension of a 
formula, the distance between the parallels of Montjouy and Mola (the 
station on Formentera) was ‘computed without applying the 
correction for the convergence of meridians. The distance origin: 
given by the commissioners was 153605°77 toises; but the distance 
when the computation is correctly made is 153673°61 toises ( 
‘Astronomische Nachrichten,’ No. 438), the difference being 67°84 toizes. 
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In consequence of this correction, and of the introduction of some 


other arcs since measured into the data for determining the figure of 
the earth, the length of the quadrant of the meridian ex, in 
terms of the legal métre, according to the best determination which 
can at present be made of the dimensions of the earth, is 10,000,855°76 
métres ; in other words, the legal métre would require to be 
by about the -00,000,856th part of itself in order to with the 
ideal métre, a ten-millionth part of the quadrant of the elliptic 
meridian. This circumstance may serve to show the futility of any 
proposal to restore a lost standard from its assigned relation to the 
magnitude of the earth, The French métre is in fact nothing more 
than an arbitrary of the toise of Peru, in terms of which the bases 
were measured and the meridian computed. 

The are which was measured b: Manpeathinpnal associates in 
Lapland in 1736, was ain by Svanberg in 1801-1803, and 
extended in both directions so as to increase the amplitude about 40”. 
A new base was measured with iron bars which were compared with a 
standard métre in Paris. The terrestrial angles, as well as the latitudes 
and azimuths, were measured geek aera circles, and the methods 
of observing and computing the its the same generally as those of 
Delambre, All the details of the o; ion appear to have been 
executed with great skill and ability : but by reason of the inadequate- 
ness of the instrument, the latitudes are not supposed to be very 
certainly determined; and there is some doubt with respect to the 
temperature at which the measuring-rods were com with the 
standard métre. The result gave 1°=57,196 toises, which 
better than that of Maupertuis with other determinations. (Svan- 
berg, ‘ Exposition des Opérations faites en Lapponie pour la Détermina- 
tion d’un Are du Méridien,’ &., Stockholm, 1505.) . 

A. trigonometrical survey of Holland was executed under the 
direction of General Krayenhoff, from 1801 to 1809, which may be 

as a continuation of the general su of France, No 

was measured, but the distances were computed from a side of one of 
Delambre’s adjacent triangles. The angles were measured with 
repeating circles, and Delambre’s methods adopted throughout. As a 
verification, some distances were deduced from two different series of 
triangles, and the it discordances were found to amount only to 
one métre in 9128, (* Précis Historique des Opérations Géodésiques et 
Astronomiques faites en Hollande pour servir de base } la phie 
de cet état; Exécutées par le Lieutenant-Général , &e., 


A la Haye, 1815. 

The etic survey executed in England was undertaken 
with the immediate object of establishing a tri etrical connection 
between the observatories of Paris and Greenwich, in order to determine 
the difference of longitude. A memoir on the subject, drawn up by 
Cassini de Thury, was in 1783 presented by the French ambassador to 
the king, who placed funds at the disposal of the Royal Society for 
providing the requisite In order to accomplish the proposed 
object, it was necessary to connect the observatory of Greenwich with 
the French are of meridian, by carrying a series of triangles from 


agrees much 


, 
« 


GEODESY. 346 


undertaken General Roy, who 
a base of wtb feet on Hounslow 


Heath in the summer of 1784. For the measurement of the angles a 
large and exquisitely divided theodolite, having a horizontal circle of 
three 


feet in diameter, and carrying telescopes of 36 inches focal length 
—an instrument far superior to any that had ever been employed in 
geodetical o| i was constructed by Ramsden. In the summer 
of 1787, the tri ion was by General Roy, assisted by Mr. 
Dalby, and before the end of the year it was carried to the eastern 
coast of Kent, and connected with a series of triangles on the opposite 
coast, which had been extended from Dunkirk to Calais and Boulogne, 
Cassini, Méchain, and Legendre. Throughout the whole of this 
survey the practical operations were conducted with a degree of 
and precision, of which, till that time, there had been no 
The methods of calculations were however less excellent ; 


, the 
earth’s curvature did not lead to any serious error, but 
of proceeding would be inadmissible at the present day. 
of verification of 28,535 feet was measured on Ro Marsh 
steel chain, and the difference between the scaaiaceds lanai 
computed from the Hounslow Heath base through the 
was found to be only about 28 inches. So near an 
ight afford a satisfactory proof of the general accuracy of 
is has since been submitted to a more decisive test. 

e of the following years, the angles were remeasured 
Colby and Captain Kater, with the same excellent instru- 
triangles calculated with reference to the sphericity of 
On comparing the results with those of General Roy, the 
found to be in the distance between the signals 

at Dover and Calais, and this amounted only to 124 feet, the whole 
137,472 feet: Roy, * Phil. Trans.’ 1790; ‘ Trigono- 
England and Wales, vol. 1; Kater, ‘ Phil. Trans., 


etic connection between the 
the effect of suggesting the 
expediency of a general survey of the British isles, This great national 
undertaking was commenced in the year 1791. The operations were 
conducted by Colonel Williams, and Captain (afterwards General) 
Mudge, of the i , and Mr. Dalby, who had previously 
assisted was to remeasure the base on 

2 by means of two steel chains, 
each 100 feet long, which had been carefully constructed for the 


by 
terrestrial 
lange theodolites by 

in diameter ; and a smaller theodolite, by the 
artist, of inches diameter. In 1801, it reached Clifton in 
Yorkshire, The of the are of the meridian ing from 
-<lycobina ¢ it to = —— determined in the 

y udge. 1806 are was longed to 
oor, about a degree to the north of Clifton. mt the same 
tion had extended considerably over other parts of 
1 In the course of these operations three bases of verification 
were measured; one on Salisbury Plain (1794), by Lieutenant-Colonel 
Williams and General Mudge [Mupor, Genera, in Broa. Drv.]; one 
on Misterton Carr, near Clifton (1801), by General Mudge ; and one on 
Rhuddlan Marsh, in Wales (1806), by the,same officer. These various 
bases were measured with the same steel chains which were employed 
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unequal expansion, to obviate the varying i 
A description of this apparatus, which was devised by Colby, will be 


— 


ven presently, The triangulation was rapidly extended over Ireland. 

instruments were the same as those which had been used in the 
survey of d, with the addition of a 2-foot theodolite constructed 
by Troughton & Simms. The triangulation was connected at several 

ints with the triangles observed in England, Wales, and Scotland. 
ab astroncaiical latitudes continued to be determined with Ramsden’s 
zenith sector until 1841, when it unfortunately was destroyed in the 
course of the c ion which burned a considerable portion of the 
Tower of London in that year. An account of the operations wth 
this fine instrument was published in the following year. (‘ Astrono- 
mical Observations with Ramsden’s Zenith Sector, 1842.) The sub- 
sequent determinations of latitude were effected with a new zenith 
sector, devised by Mr. Airy, the astronomer-royal, with the view of 
obviating certain inconveniences which attended the use of Ramsden’s 
instrument. Three important principles of a novel character were 
involved in the construction of Airy’s zenith sector. ‘The first 
principle was the arrangement for making successive observations in 
two positions of the instrument, face east and face west, at the same 
transit. The second was the substitution of a level, or system of levels, 
for the usual plumb-line. The third principle was the casting in one 
piece, as far as practicable, of each of the different parts of the instru- 
ment, in order to avoid the great number of screws and fastenings 
with which most instruments are hampered, and to secure, if possible, 
perfect rigidity.” An account of the observations with this sector was 
published in 1852. (‘Astronomical Observations with a Zenith, 
Sector, from 1842 to 1850,’ by Captain William Yolland, R.E.) 

At the stations of Balta in Shetland, Cowhythe in Aberdeenshire, 
and Dunnose in the Isle of Wight, the latitudes were determined first 
with Ramsden’s and subsequently with Airy’s zenith sector. A com- 
parison of the results affords sare any Seba: of the degree of 


precision attained in such observations. us we have— 
Station. Airy. Ramsden, Difference, 
Dunnose . ° + 50°37'6"-98 50°37'7"-09 o”-11 
Balta . . » + 60451 °68 60 452 31 0°68 , 
Cowhythe . « 57 419 *58 57 419 *74 0 +16 


In 1849 the base on Salisbury Plain was re-measured with Colby’s 
com ion bars. The result, in combination with the Lough Foyle 
base, has formed the groundwork of all the subsequent computations 
connected with the triangulation, the other bases having been used 
merely for purposes of verification, 

Upon the retirement of General Colby in 1847, Colonel Hall was 
appointed Superintendent of the Ordnance Survey. In 1858 a work 
was published by Colonel James, who has recently succeeded Colonel 
Hall as superintendent of the survey, containing a complete account of 
the observations and calculations relative to the triangulation of the 
British Isles, with an investigation of the figure, dimensions, and 
mean density of the earth, as deducible from the results in combination 
with the data of the same kind which had hitherto been established. 
(‘Ordnance Trigonometrical Survey of Great Britain and Ireland ;’ 
* Account of the Observations and Calculations of the Principal Trian- 
gulation, and of the Figure, Dimensions, and Mean Specific Gravity of 
the Earth, as derived therefrom,’ drawn up by Captain Alexander Ross 
Clarke, R.E., &c., under the direction of Lieut.-Colonel H. James, R.E., 
&c., Superintendent of the Ordnance Survey, 4to, London, 1858.) The 
tria tion embraces an arc of the meridian extending from Dunnose 
in the Isle of Wight to Saxavord, the most northerly of the Shetland 
Isles. The former of these stations is situate in lat. 50° 37’ 3"°748; 
the latter in lat. 60° 49’ 41""992. The amplitude of the arc is, conse- 
quently, 10° 12’ 38"-244. 

It has been stated that the terrestrial distances were computed from 
the base lines measured on Salish Plain (1849), and on the shore 
of Lough Foyle, in Ireland. The difference between the measured 
length of each of these bases and the length computed from the other 
base was found to amount to 0°4178 feet, or about 5 inches. From 
this result a mean base has been derived by the theory of probabilities, 
and this mean base has been used as the immediate groundwork of all 
the subsequent calculations. The following table exhibits a comparison 
between the lengths of the bases as measured and reduced to a common 
standard, and their lengths as determined by the triangulation :— 

Length in terms 


of Ordnance Length in 

Date. Base, Standard O,* Triangulation Difference, 

Feet. Feet. Feet. 
1791 Hounslow Heath . 27406°190 27406°363 + 0°173 
1794 Salisbury Plain » %6576°830 36577°656 + 0°826 
1801 Misterton Carr . . 26344060 26343°869 — O0°191 
1806 Rhuddlan Marsh 24516-000 24517°596 + 1°596 
1817. Belhelvie * « 26517°530 26517°770 + 0°240 
1827 Lough Foyle « 41640°887 41641°103 + 07216 
1849 Salisbury Plain + 86577°858 36577°656 — 0°202 


Many of the sides of the triangles are of great length, especially those 
which connect the triangulation of Ireland with the stations on the 
opposite coasts of England, Wales, and Scotland. The following is a 
statement of the sides which exceed 90 miles; the names given are 


* This was one of two 10 feet bars with which the compensation bars 
employed in the measurement of the base-lines was compared, 


ms. 
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those of the stations at the extremities of each side, The letters | were ascertained with a zenith-sector ‘of 5 feet radius, by Ramsden, - 
nded to each station serve to indicate whether the station is Sn ee ee Oe a 
etuate . oes (E.), Wales (W.), Scotland (S.), Ireland (I.), or Isle | that the oe of —— fCorake oo hitherto ; 
(I. M.):— conducted by himself, are not entitled to so a degree of reliance 
Side, Length in Miles, | as ‘the advanced state of geodesy demands, The azimuthal 
ue pone, ccaes sta — ee? oN tally 108 although Suna Lenbees Tham Roary poh lho roo abet 
‘ wdon, W. ‘ . . . a 
Precelly, W.—Kippure,I. 2 6 wee 2078 obviating the effects of the injury, still the subsequent use of the 
Oo ee tay eee = pines even with “<3 esp pays oo be regarded as 
e Gel e: aiy | 8, eek ie A ee in, it was previous to the 
Jura, airy More, " ve . oh A es measurement of the base at Takal Khera, the joints of the chain were 
lore Deneck wan nh kh Ss nt a ae found to be thickly covered with rust, the removal of which could 
Snowdon, W.—Ingleborough, BR ° ° . if a | —— pete -icankey peri of the rome In na measure - 
Snowdon, W.—Sea Fell, E, A ing ye BEL : hie pported on coffers, or stretched 
Ries Lanse ks oo as ee ae by a constant weight. The process employed was to lay it on the 
Keeper, 1.—Nephin,I. 2 2 8 ete OS ——_ and stretch it by means of a hand-capstan, The length of the 
Merrick, 8.—Ben Lawers,8. 2. wwe OTT er base when computed through the series of triangles from the _ 
Precelly, W.—Mount Leinster, I, sya ap ae hast cy CD base at Takalkhera was found to differ from its measured length — 
Snowdon, W.—Ballyereen,I,. 5 326 ww 9611 ‘by 78°72 inches. It was clear therefore that the results did not possess 
eee panacne nan, LM, Rr eee lated are all the Laker ono in such ve operations. Great ese 
TE Bo 89 4 2 Bhs |B TVR . ance must, however, made @ difficulties arising from the — 
lr pity 1. “bait °i\- aay ve ete’ and ones bo bins pp Laake, ‘ Asiatic 
Prece ete $ Pao OF Ak ; Researches,’ vo! ii., x., xii, xiii.; * Phil Trans,’ 1818; Everest, 
tase A fpr Ae Na fie Supine tee 2 + ‘Account of the Measurement of an Are of the Meridian between the . 
Cuileagh, I.—Kippure, I. ge Ne OE ee Parallels of 18° 3’, and 24° 7’, &.’, 1830.) —_ 
Precelly, W.—High Wilhays, F. g's >; > SS PEPe pee Colonel Everest, who had been compelled by ill-health to proceed to 
Sowden, Weary Ls ee England, returned to. India, im 1880, with the view of resuming his i 
n ui, S—Sayre Law,8. . =. 6 et ie urs. For this purpose the ‘om a i‘ 
Ben More, 8. Uist, 8.—Ben Nevis,S, «ss 92°2 provided him with an ample beste of instruments of the Ney first 
South Berule, I, M.—Ingleborough, E, pupleirs, OSS quality, He commenced his operations with the measurement of a 
oot fin sng Begs sine Gmard Dy mae base at Dhera Dun, near Kaliana, in lat. 29° 30‘ 48", about 70 miles 


The length of the entire are of the meridian included between 
Dunnose and Saxavord was found to be 3,729,334°07 feet. The 
distances between the parallels of Dunnose, Arbury, Clifton, Easing- 
ton, and Saxavord were separately computed. . The following are the 
results :— 


Feet. 
Dunnose to Arbury,  . ° ‘ ° 586,356°36 
Arbury toClifton . « + « «© «  450,225°16 
Clifton to Easington . . . . erat 
Easington toSaxavord . be Ff » » 2,288,427°33 


$,729,834-07 


The distance between the parallels of Easington and Saxavord, which 
lie very nearly upon the same meridian, was computed by two different 
systems of triangles, The results were:— . : 


2,288,427:29 feet, by the one system of triangles, 
2,288,427°38 feet, by the other es 


Mean 2,288,427'33, 
By the first calculation, the distance of Saxavord from the assumed 


meridian at i was 222°56 feet; by the second calculation it 
was 221°04 feet. difference of the two results amounts to only 
0°62 feet. 


The operations connected with the great Trigonometrical Survey of 
India have resulted in the measurement of an arc of the meridian which 
in extent is second only to the Russo-Scandinavian Arc, to be presently 
alluded to. This important undertaking was commenced in the year 
1801, under the su tendence of Colonel Lambton. A base was 
measured in the neighbourhood of Madras, which served as the ground- 
work for the measurement of an are of the meridian of about a degree 
and a half in amplitude, By a course of triangulation, Colonel Lambton 
subsequently advanced westward to a place called Dodagoontah, about 
170 miles distant from Madras, where he measured a second base. He 
now directed his operations southwards, forming a chain of triangles 
which ultimately reached Punnw (Lat. 8° 9’ 35") near Cape Comorin. 
Bases of verification were measured both at the middle of the arc and 
at the southern extremity. The arc was subsequently prolonged 
northwards by Colonel Lambton as far as Damargida, in lat. 18° 3’ 15". 
Near this station, at Beder, another base of verification was measured 
in the year 1815, 


The amplitude of the Indian arc, extending from Punn@ to | Kalian’ 


Damargida, it will be seen, now amounted to 9° 53’ 40". With the 
view of prolonging it still further north, Colonel Lambton measured a 
base near Takal Khera, which he intended to be the limit of the next 
section of the arc. Upon the death of that officer in 1823, Colonel 
(then Captain) Everest was appointed his successor, by whom the 
triangulation was continued from Damargida to Kalianpur, in lat. 24° 
7’ 11°8" near which, in the plain of Seronj, another base of verification 
was measured. 

The base lines determined by Colonel Lambton and Colonel Everest 
in the course of the operations to which allusion has just been made, 
were measured with a steel chain a hundred feet long, as in the case of 
the earlier measurements of a similar kind connected with the survey 
of the British Isles, The terrestrial angles were measured with a 
theodolite, 3 feet in diameter, constru by Cary, and the latitudes 


7 
from the foot of the Himalayas. On this occasion the measurement 
was effected with bars provided with Colby’s compensation apparatus, __ 
From Kaliana the triangulation was extended southwards until at 
length in 1837 it reached Kalianpur, the northern extremity of the __ 
great are. Upon computing the length of the Seronj base, which had 
been measured in 1824, from the recently measured base at Dhera 
Dun, it was found that the measured and computed results differed to 
the extent of 34 feet. In consequence of this discordance, Colonel 
Everest. measured the Seronj base anew. This important 
was brought to a close in the early part of 1838. It appeared from the © 
result that an error of nearly 3 feet had been committed in the — 
measurement of 1824, 

In order to remove all suspicion from the measurement of the are 
included between ida and Kalianpur, Colonel Everest, taking 
advantage of an interruption of his labours, occasioned by the neces- 
sity of modifying the instruments for determining the celestial 
amplitudes, resolved to determine afresh the whole terrestrial bem « 

by 


: 


between those two stations, The triangulation was effected by 
Waugh and Captain Renny. In 1840 a new base was meas 
res a Waugh in the vicinity of Damargida. It was found im) 
sible to identify the site of the old Beder base measured by Colone 
Lambton in 1815, The results of the new base measurements were 
found to be extremely satisfactory. The length of the Dhera Dun 
base, when computed from the Seronj base, was 39183°273 feet. The 
measured length was 39183'873 feet. The difference consequently 
amounted to only 0°600 feet, or rather more than 7 inches, while the 
distance between the two bases was about 430 miles, The resultofa 
comparison of the measured length of the Beder base and its length as i 
computed from the Seronj base was equally satisfactory. In this : 
case, alth the distance between the two bases amuunted to 426 
miles, the ce between the measured and computed results was 
only a little more than 4 inches, a5 

‘or i the amplitudes of the two sectional arcs, Kaliana- ‘ 
Kalianpur, and ianpur-Damargida, Colonel Everest employed the é 
method founded on simultaneous observations, at the extremities of 
each are, of the zenith distances of certain stars selected beforehand ‘ 
for the purpose, The observations were made with two vertical circles, 
8 feet in diameter. The amplitude of the northern section was deter- 
mined by observations of thirty-six stars, one half to the north and 
the other half to the south of the zeniths of both stations. The obser- 
vations at Kaliana, which were made by Colonel Everest and in 
Renny, were nearly, but not quite, simultaneous with those at 

by Captain Waugh. For the determination of the ampli- 

tude of the southern section of the are, extendin I 


from Kalianpur to ; 
D ida, thirty-two stars were simultaneously observed. The 4 
results gave 5° 23 87"-051 for the amplitude of the are between Kaliana 


and Kalianpur, and 6° 8’ 65"'973 for the amplitude of the are between 
Kalianpur and Damargida. The amplitude of the entire arc measured = 
by Colonel Everest consequently amounts to 11° 27’ 38"024. If to 1 
this we add 9° 53' 40", the amplitude of the are measured by Colonel 
Lambton, we obtain 21° 21’ 18"°024 for the entire length of the great 
meridional are of India. (‘Account of the Measurement of Two 
Sections of the Meridional Are of India, Bounded by the Parallels of 
18° 3' 15"; 24° 7/11"; and 29° 30’ 48”,’ By Lieutenant-Colonel 
Everest. London, 1847.) ae 
The great meridional are of Russia ted in the operations 
connected with the trigonometrical survey.of the Russian empire, 


——_— 


\ 
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In 1819, pa Soar he woe thn recher he sherry. 
; Dorpat, in the survey 0: ivonia, to the 
university of Dorpat the desirableness of measuring the are of the 
meridian included between the island of Hogland in the Gulf of 
Finland, and the town of Jacobstadt in the province of Courland. 
| Rn sanction of the emperor having been obtained for the project, 
were commenced, and were finally completed in the 

oa 827. The terrestrial angles were measured with Reichen- 
Universal Instrument. The latitudes of the stations were 


‘the meridian of the observatory at Dorpat. Inthesame year in which 
M. Struve brought to a close the operations connected with this are, 
Tenner also completed the measurement of the arc of the 
meridian included between Bristen in Courland, and Belin in the 
of Grodno. The amplitude of this are was found to be 
As Belin, the northern station of this are, was distant only 
4 a7" from Jacobstadt, the southern station of the Livonian are, it 
became desirable to connect trigonometrically the two arcs together. 
This was effected in 1827-8, by M. Struve and General Tenner, inde- 
pendently of each other, and the results upon being transmitted sepa- 
rately in sealed letters to Bessel, were found to exhibit a most satis- 
The amplitude of the entire are thus measured 
Hogland and Belin amounted to 8° 2 28%. (Struve, 
‘ Beschriebung der Breitengrad messung in den Ostseeprovinzen Russ- 
lands, &. Dorpat, 1831.) 
In 1845, the Russian are was extended northwards as far as Tornea, 
fin rors are. It thereby received an 
Leg tht M. var innate’ his prin- 
j on this occasion, olstedt, who was subsequent 
os 7 ted of the Observatory of Helsingfors. While whe are | gi 
was being prolonged towards the north, General Tenner was engaged 
in extending it southwards, until it reached the northern frontier of 
the province of Bessarabia. By this operation its length received a 
further increase of 3° 17’ 47”. The entire are now extended from 
Tornea in lat. 65° 50’ 34” to Souprounkontsi in lat. 48° 45°1". It 
an amplitude of 17° 5’ 33”. In 1849 it was 


Seetar pukwnts Uarvogh the cocire ince of Bessarabia to 


Ismail on the Danube. The amplitude of the entire arc now amounted 


to 20°31’. 
of the Swedish government the Russian are of 
extended to the Arctic Ocean. The Norwegian 
Wee Swedish portion’ by 3 Selander, Director of th and 
oon totes. be M. Selander, Director of the O) of 
. i The Swedish are extends from Tornea in lat. 65° 51’, to 
___ Atjick in lat. 68° 54’, Its amplitude therefore amounts to 3° 3’. The 
“Norwegian , in lat. 70°40’, and 
The two ares together 


The Russo-Scandinavian arc of the meridian now extends from 
Ismail on the Danube, lat. 45° 20’ 20°38’, to Fuglenaes on the Arctic 
; a wheel 40'11’°3. Its amplitude amounts to 25° 20 85; and 
it is consequen the largest are of the meridian which has been 

, hitherto measu on the earth's surface. (Struve, ‘ Exposé prec un 
des travaux executés jusqu’a la fin de année 1851, pour la mesure 
Tare du mein sein Fuglenaes, 70° 40’, et Ismail, 45° 20’, &c. ; 

_ Two ares of meridian have been measured in Hanover and Denmark, 
which, though of comparatively small extent, are very Ler om 
-Teason of the skilful manner in which the operations were condu 
and the great probable accuracy of the selec The first was obtained 
__ by connecting the two observatories of Géttingen and Altona, which 
_ are situated nearly in the same meridian, by means of a chain of 
proceeding from a base which was measured by Gauss in 
1820. From the same base another chain of triangles was carried 

Denmark, by means of which the geodetical distance between 
_ the parallels of Lauenburg (in Hanover) and Lysabbel (in the island of 
_ Alsen) was computed. The celestial are was determined by Schu- 
macher with Bradley’s zenith sector, sent from the observatory at 
per trerios bins for the (Gauss, ‘ Bestimmung des Breitensunter- 

Guithat den Warnvarten Sternwarten von Gottingen und Altona, &c.’; 
Suds * Astron. fem Madeelcnern No. 233.) 
An are, of which the e is 1° 30’ 28", was also measured 
in Prussia, by Bessel, between 1831 and 1888. The immediate object 
of this undertaking was to connect the Russian triangulation with a 
_ chain of Eee Ee mannered ter the western pert 
: extending 


ne 


odetical operations of the highest 
in Preussen und ihre Ver 


en Dreiecksketten, Berlin,’ 1838.) 


The anomalous nature of the result deduced by Lacaille, from his 
measurement of an are of the meridian at the Cape of Good Hope, 
has been already alluded to. It is gratifying to learn that Mr. 
Maclear, by remeasuring and extending Lacaille’s are, has suceeeded 
in completely removing the difficulty arising from this cause, and has 
obtained results which exhibit a most satisfactory accordance with the 
theory of gravitation. It is understood that the details of Mr. Maclear’s 
labours will shortly be published. The amplitude of the arc measured 
by him amounts to 4°11’ 45° °538. The following table exhibits a 
comparison between the observed latitudes at the various stations of 
the arc, and the corresponding latitudes calculated from Airy’s elements 
of the earth’s figure. 


Station. Observed Lat, Cal. Lat. Diff, 
North End of are 297441766 ~ 297441735 + 0°31 
Kamies Sector Berg . 30 2129 +10 30 2120 °73 + 8 °37 
Heerenlogements Berg .31 58 9°11 $158 9-64 — 0°53 
Royal Observatory . 3356 3 :20 3356 3 -20 oe 
Zwart Kop . - » 84133213 341333 80 —1 67 
Cape Point . « 8421 6°26 $421 6 80 — 0 *54 


Mr. Maclear remarks that the disturbing effect produced by the 
attraction of the immense Bushman Table Land, the mean elevation of 
which above the level of the sea exceeds 3000 feet, is sufficient to 
account for the deflection observed at Kamies Berg. 

We shall conclude this historical sketch of geodetical operations 
with a brief statement of the results deduced by Mr. Airy from the 
measurement of the are of pie comprised between the Royal 
Observatory, Greenwich, and Feaghmain, a station of the Ordnance 
, Situate in the island of Valentia, on the west coast of Ireland. 

proposed by Mr. Airy, was to ascertain the difference of lon- 

de of the two vito by the triangulations of the Ordnance’ 
urvey, assuming the elements of the earth’s figure as previously 
determined by him, and to compare the result with the difference of 
longitude derived from the transportation of chronometers. The 
operations connected with this object were carried into effect in the 
year 1844. The following are the results, the intermediate stations 
of Liverpool and Kingston (Dublin), through which the chronometers 
passed, being also included in the investigation. 


Surv 


mn & 
Geodetic are of longitude from Greenwich to Liverpool . 12 0°35 
Chronometric are . . : . . . . «12 0°05 
Chronometrie arc smaller « : . . o-* 0°30 
Geodetic gre from Greenwich to Kingston’ . . « 24 31°48 
Chronometric are . . . . . . « » 2431°20 
Chronometric arc smaller . . . . . e 0°28 
Geodetic are from Greenwich to Feaghmain . « « 41 23°07 
Chronometric arc . . . . . . . + 41 23°23 
Chronometric are larger . . ° ‘ 0°16 
Geodetic arc from Liverpool to snap oe . . » 12 31:18 
Chronometric are ° ‘ . * . » » 12 32°15 
Chronometric arc larger. ° Py . . ri 0°02 
Geodetic are from Kingston to Feaghmain . . + » 16 51°59 
Chronometric are. . . ’ . . . « 16 52°05 
Chronometric are larger . . . . ene 0°44 


By means of the different surveys to which we have now alluded 
the greater part of Europe has been covered with chains of triangles, 
whereby not only the geographical positions of all the principal places 
and remarkable objects have been determined by ports measurement, 
but all the measured arcs of meridian and parallel, and all the prin- 

~ observatories have been trigonometri connected with each 


The comparison of the astronomical geodetical positions of 
so many connected points is, perhaps, even better cale to lead to 
an accurate knowl of the local co’ ion of this quarter of the 


globe than the measurement of isolated 
We proceed now to give a general view of the methods of con- 
ducting a trigonometrical survey, and computing the results of the 


observations. 
Measurement of the Base—The foundation of every trigonometrical 
survey is the measurement of a ground-line, or base, in terms of which 


all the distances are to be computed, This is an ‘operation which is 
attended with considerable difficulty, and requires to be executed with 
the most minute precision; for any error with which the result may 
be affected is multiplied in the sides of the in the ratio of 
their length to the length of the base ; and all other distances con- 
cluded from the survey are affected in the same proportion, An error 
in the base amounting only to an inch in the mile would vitiate the 
determination of the earth’s diameter to the extent of 110 yards. 

The method of proceeding may be thus described :—A piece 
of ground must be selected as free from obstructions and as nearly 
level as possible, The terminal points must be defined by permanent 
marks! for example, by a fine dot, or or the intersection of two F) semnlgnt 
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on a plate of metal securely fixed in the ground. In order to 
the line of the base, a transit-instrument is adjusted over one of 


they are applied, and their rate of expansion determined by direct 
pret Ay in order that the apparent lengths may be relist to the 
length at a given temperature ; 3, they must be supported in such a 
manner as to have no tendency to flexure; and 4, each rod, when 
adjusted in the line of the base, must be exactly horizontal, or its 
inclination exactly determined by levels, in order that the correspond- 
ing horizontal distance may be computed. 
Svoriocsty to General Roy’s measure of the base on Hounslow Heath 
the measuring apparatus used in all similar operations (with the excep- } 
tion of one of the bases measured by ille and Cassini in France) 
consisted of deal rods, usually about 20 feet in length; but deal rods, 
however well seasoned, are found to be considerably affected by the 
hygrometrical state of the air, and liable to sudden and irregular 
expansions and contractions, the effects of which cannot be accurately 
estimated, even when they are compared from time to time with a 
standard metallic bar. For this reason General Roy, after he had 
measured the base with deal rods, measured it a second time with 
hollow oo tubes. The tubes were 20 feet in length and about an 
inch in diameter, and the extremities were defined by metal buttons, 
ground perfectly flat, and perpendicular to the axis of the tube, At 
one end this apparatus was ‘fixed to the tube; at the other it was 
attached to a sort of piston, or slider, capable of being pushed up a 
certain way within the tube against a slender spring. <A fine line 
marked on the slider, and another on the glass tube, were so adjusted, 
that when the slider was pushed up until the lines came into coinci- 
dence (which was observed through the glass), the distance between 
the flat ends of the metal buttons was exactly 20 feet at the tempera- 
ture of 62° Fahr. In making the contacts, the flat end of one rod was 
pressed by a screw apparatus against the moveable end of the other, 
until the coincidence of the lines took place; so that a constant pres- 
sure was applied equal to the tension of the spring. When the Ord- 
nance survey was begun, this base was again measured with a steel 
chain, made by Ramsden, of 100 feet in length, and consisting of 40 
links, terminated by a brass handle at each end. When in use the 
chain was supported on wooden coffers, raised on trestles, and stretched 
with a pn of fifty-six pounds. The extremities were defined by 
marks on the brass handles; and in order to bring the marks succes- 
sively to the same point on the base-line the following contrivance was 
adopted : a brass scale, firmly secured to a post driven into the ground, 
but not connected with the chain or its supports, was placed contiguous 
to the preceding end, a, and adjusted by means of a screw apparatus, 
so that a division on the scale coincided exactly with the mark on the 
handle. The chain was then carried forward one length; and when 
~ again placed on the coffers, was drawn back against the stretching- 
= until the mark on the handle at the following end, B, coincided 
with a division of the scale which had remained fixed in its place. In 
this manner the marks on a and B either occupied the same point on 
the line of the base, or the distance between them was known fs Seek 
of the scale. ‘The same method was followed in measuring several 
other bases in England in the course of the survey, the chain 
compared before and after each operation with another similar chain 
which was kept for this pur; he advantage of the chain depends 
solely on its great le: » by reason of which the number of coinci- 
dences (in making which the chief difficulty consists) is considerably 
reduced; but this advantage is probably more than counterbalanced 
by its liability to alteration from wearing or at the joints, 
and the insufficient security afforded that, Ss cibsantin the stretch- 
ing, all ite points are in the same straight line. The use of the chain 
has been confined to the English and Indian surveys, and is now 
The opp * sept lam! easuring 
apparatus by Delambre and Méchain in m: ing the two 
bases in anak on which the length of the meridian depends, was 
constructed as follows :—The measuring-rod was a thin her of pladia, 
two toises in } , half an inch in breadth, and two lines in thickness. 
This was cov by another bar of copper, somewhat shorter, the two 
being firmly connected by screws at one end, but free at every other 
point, so that the expansions and contractions of each were not 
affected by the other. The relative expansions were thus indicated 
by the distance between the free extremities of the two bars; for 
measuring which a finely divided scale was cut on a part of the plati- 
num bar, and a vernier attached to the extremity of the copper bar. 
The relative expansion gave the means of computing the absolute ex- 
pansion of the platinum bar at the time of the measurement. Four of 
these yong bead 


The ends were not brought into contact; a 
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the lever 
bar. The short arm terminated 
| little beyond the end of the 
and fixed end of the 


which is simple and ingenious, will d 
annexed figure, in which the two ends are shown. i 


Fig, p Fy re ——_—— 
o> 1+} Te 
a) 


ai ae Mons 
Le Be 


two toises in length, an inch broad, and a quarter of 
z2' is a bar of zinc of the same thickness and half the 
two bars are firmly connected by screws and so) at 
The zine bar z 7 terminates in two knife-edges of the being 
horizontal. kk’ isa part of the iron et, eeaae in 

which are placed vertically, or at right angles to the former. 
l of the measuring bar, or two toises at the normal re, 
is defined by the knife-edges at 2 and /; while the interval between 
2 and k varies with the temperature, and indicates the relative expan- 
ion of the iron bar becomes known. 


Pi 


on the parallel sides of the glass wedges 
tion of the base so small as the 12,000th part of an inch was made 
visible. 


mious a) 
reared bar, 10 feet in length. op abar of iron, firmly connected 
A - B 
“i H 
e H 
yc | 
|e Fig 2. J 


with the former at the middle x. Two steelftongues a P, BQ, are con- 
nected with the extremities of the bars by double conical joints which — 
allow sufficient play to the to to prevent interference with the 
free expansions of the bars. At a certain normal temperature the 
steel tongues are perpendicular to the direction of the bars. cae 
them in this position, and that an increase of temperature takes place : 
the brass bar will become longer than the iron ber inet of 
ae , and a straight line a cp (on the middle 
of the tongue) will come into the position a cP, its former 
direction at a point P, so situated that po has tora the ratio of the 
epeein of oe bar to that ie the Ee Setting eit cee 
constant, P is a given point ; and as the correspon point Q on 
the One tongue is in precisely the same circumstances, it follows that 
the distance between P and Q will remain unaltered in all tem 
provided at least both bars have the same temperature. This in- 
age a is, however, ne? sete, | view the ook oune 
oblique position a P AP, consequen' point 
oanked Re II Ee. between a and the invariable 


between each and the next, which was measured by a 


on She songas ae r 
Hence an increase of temperature must increase the distance betw 


E 
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P and Q: but the effect is insensible. The distance between the two 
bars was about 2 inches, and the distance of P from the iron bar or Po 
(which was “determined experimentally) about 34 inches. The bars 
enclosed in strong wooden cases, having only the ends of the 
exposed, and the cases laid upon trestles. Five or six 
used together; and when levelled and adjusted in 

the interval between the point Q on one set, and 


tance remains invariable. The microscopes were 6 inches apart, and 
between them, at the same distance from each, was a small telescope 
invariably connected with the two metallic bars, to which the micro- 

were attached; the whole being so disposed that the three 
SeaaVaies wire tn tho same plane, and parallel to each other at the 
normal temperature. This apparatus being placed parallel to the line 
of the base, over the end of one of the sets of measuring bars, in such 


a manner that the point q on the steel tongue was bisected by the 


_eross-wires of one of the microscopes, the next set of bars was moved 


backwards or forwards until the point p was bisected by the cross- 
wires of thegother microscope. A very delicate level fixed on the 
upper bar of the microscopic apparatus gave the means of adjusting 
the optical axis of the telescope exactly in the vertical; by which means, 
when it was necessary to the operations, or to the level 
the line of the base, the point from which the measurement was to 
resumed could be determined with much greater precision than by 
the usual means of a plummet. The measuring-bars were compared 
(daily, we believe) with a standard iron bar, which therefore is the unit 
of the distances; and the interval between the foci of the microscopes 


- was in like manner verified by comparison with a scale. 


The question of superiority among these different modes of measur- 
ing a base must be decided with reference to practical convenience : 
it cannot be affirmed that the results of any one of them are decidedly 
more accurate than those of the others, Col. Colby’s apparatus is ex- 
ceedingly beautiful in theory, but the play of the joints by which the 

es are connected with the bars, and the uncertainty there must be 
about the determination of the invariable points, and that their dis- 
tance remains unaltered while changes of temperature are taking place, 
are obvious disadvantages. Bessel’s aj tus is the most compact, 
and in fewest pieces; and we should imagine that his mode of 
measuring the intervals between the successive bars would be found 
easier in than making the distance between them constant. 
On the hand, the adjustment of a point under the focus of a 
microscope is an operation which can probably be executed with 
greater precision than the measurement of the distance between two 
solid bodies, whether by a scale and vernier, according to the method 
of Delambre, or by a finely-divided wedge, as used by Gauss and 


the square root of its length; so that a distance 
deduced from a base of three miles measured only once would have 
as great a probable error as if it had been deduced from a base of only 


‘The bases measured in connection with the British survey, vary 


_ one mile measured three times, and the mean result taken as its true 
in 


* 


‘| 


from 4°6 miles to about 8 miles. In the Indian survey the 
about 7 miles. The two bases at Melun and Perpignan, 
on which pel doe French are of meridian depends, were both upwards 
of 7 miles, each consisted of two parts inclined to each other. In 


i 
i 


the Irish base 8 miles were directly measured with the compensation 
and 2 miles were added by 


i tion. Struve’s base was 
toises, or about 2°8 miles. he Preston base, measured by 
toises, or about 14 mile. Baron Zach, who 
bases in Italy, contends that long bases, such as 
measured in the French, English, and Indian surveys, are attended 
corresponding to the expense they occasion; and 
ing account of a base of 2818 feet, 


we cannot subscribe to 
as instruments and the 

uuting the observations have been im- 
stooge necessity for frequent verification by the measure of new 


the corresponding are on the surface which coincides with the mean 
lével of the sea. Let 7 denote the measured length of the base, /’ its 
length reduced to the mean level of the sea, h its height above that 
level, and 7 the radius of the earth: the 7’ is found from this propor- 
tion, rthirisl:l. 

Triangulation.—In commencing the Triangulation, the first step is 
to make choice of the points or stations which are to form the summits 
of the’principal triangles. The choice of stations must be determined 
in some measure by the nature of the country, and with reference to 
the objects of the survey; but care must be taken to avoid very acute 
angles, because small errors in the measurement of such angles will 
give rise to large errors in the lengths of the sides deduced from them. 
The best-conditioned triangles are those which are nearly equilateral. 
The principal triangles should be of considerable magnitude, for the 
probable error of a distance deduced from a base through a series of 
triangles increases with the number of intermediate triangles. Sides 
averaging from 20 to 50 miles may be considered as the most con- 
venient ; but in mountainous countries, or for connecting stations 
separated by the sea, the magnitude of the triangles will sometimes be 
limited only by the distance at which the signals cease to be visible 
from each other. When the object of the survey is the topography of 
the country, the geographical positions (the latitudes, longitudes, and 
altitudes above the sea),as well as the mutual distances of these 
primary stations, should be determined with all the precision it is 
possible to attain. The more remarkable features of the country are 
afterwards connected with the principal stations, by secondary triangles, 
which, being liable only to small relative errors, may be determined 
more expeditiously by less precise observations or with inferior instru- 
ments; and the intermediate points are filled in by means of the 
surveyor’s com and chain. [Surveyrne.] 

Signals.—W hen the stations have been chosen, the next point to be 
considered is the erection of signals. In the earlier surveys, the usual 
practice was to select such conspicuous objects as the country 
presented, as church spires, windmills, &c.; but experience has shown 
that objects of this kind, even when found (which will seldom be the 
case) in those positions where it is desirable that the angular points of 
the triangles should be established, are not well adapted for signals, 
and that in general the most advantageous course is to construct them 
for the express purpose. In the earlier part of the English survey, 
the observations were chiefly made by night, and the signals were 
reverberatory lamps with concave metallic reflectors supported by flag- 
staffs, and enclosed in tin cases, having plates of glass in front to 
screen the light from the action of the wind. Such signals answer 
well enough for distances under 30 miles. Biot and Arago, in the 
prolongation of the French are of meridian, dlso employed reverberatory 
lamps and concave reflectors; and in one case the distance between 
the station and the signal exceeded 100 miles. Bengal lights, blue- 
lights, and other contrivances have also been used as night-signals. 
Delambre constructed his signals of wood in the form of truncated 
four-sided pyramids, and observed by day. For the large triangles in 
Ireland and the west of Scotland, Colonel Colby built up conical piles 
of dry stone, which were thrown down when the instrument was taken 
to the spot, and again built up when it was necessary to observe the 
same signal from other stations. Such signals were found to be visible 
in the telescope of the great theodolite at the distance of 90 or 100 
miles in favourable weather. Plates of polished metal, placed so as to 
reflect the light of the sun in the proper direction, have been found a 
powerful means of rendering a station visible. Gauss proposed the 
heliotrope, in which the reflecting surface is silvered glass; and this 
was the signal which was principally used by Struve and Bessel. 
Another method, adopted by Bessel for short distances, was the 
reflexion of light from a hemisphere of polished copper. These two 
last methods have the disadvantage of rendering the observer depen- 
dent on sunshine, but in other respects they afford excellent signals, 
for as the light proceeds from a point, the observation is made with the 
greatest precision. In the case of the hemisphere indeed, the luminous 
pee: is not in the axis of the signal, but as the radius of the 

emisphere and the azimuth of the sun at the time of the observation 
are known, its position with reference to the axis can be accurately 
computed, and a correction applied if the deviation is sensible. But 
all solid bodies used as signals render a similar correction necessary 
when the light falls upon them obliquely. To avoid this incon- 
venience, Svanberg observed the light of the sky through a rectangular 
opening in a blackened board which turned about a vertical axis, so 
that its plane could always be placed perpendicular to the visual ray. 
Night-signals are found inconvenient by reason of the unsteadiness and 
the scintillations of the light; and accordingly geodetical observations 
are now generally made by day; nevertheless, under peculiar circum- 
stances, night observations may be advantageous, or even necessary. 
Thus, in India, Colonel Everest found that the greater refraction 
during the night sometimes rendered stations visible which could not 
be seen by day, being hid by the intervening ground. 

With respect to instruments and the methods of observing in geo- 
detical surveys, ample information is given in the articles TuropoxiTE, 
Repeatine Circe, abi ‘e re here remark, however, Leo as eon 
signal (speaking gener is the common vertex of several triangles, 
an von Reina for the calculation of a triangle may frequently be 
obtained from the sum or difference of other angles at the same point, 

AA 
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as well as by direct observation, This circumstance permits the obser. 
vations to be made in various and affords an important means of 
verification ; but in order that full advan may be derived from it, 
the observations must be made and com! -edlgrwe 
tematic plan. Struve, in the Russian triangulation, ado the p! 
of observing the direction of signal visible from his 
station, in reference to a certain arbitrary direction; and the same 
method was followed by Bessel. This appears to be the mode of con- 
Sacting Ripepeer/Onens Xy BREE an chenever 5 sea ele 
most of his position. 

Reduction to the Centre of the Station.—It is desirable that the centre 
of the instrument should always be placed in the vertical line which 
coincides with the axis of the signal at the same station; butthe strict 
fulfilment of this ition may sometimes be impossible, or at least 
extremely inconvenient. In such cases the instrument is placed near 

A B 


y \ 


c :£ 


the station, and a correction made for the excentricity. Let o be the 
centre of the station, & the place where the instrument is placed, a and 
B the distant signals, so that acs is the angle which is required, and 
AEB the angle actually measured. Let the dist CE be denoted by 
d,and ac (computed approximately) by m; then the difference, in 
seconds, between 4 0B and 4 EB is found from this formula-~ 


ACB—AEB=wo d sin (BA C—BEC)+m sin BAC, 


where w= 2062648", the number of seconds in an arc equal to the 
radius, or #=cosec 1"=1—sin 1". 

Reduction to the Horizon.—Although the theodolite has now come 
into general, per! universal use, in carrying on important geodetical 
operations, we add the ‘formula by which an angle measured in 

oblique plane passing through the instrument and the two observed 
objects is reduced to the horizon. Let a and B be the remote signals, 
c the angle in the oblique plane, o’ its projection on the plane of the 
horizon; and let a and 8 denote respectively the number of seconds by 
which a and B are observed to be elevated or depressed above or below 
the horizon of c; then 
o—c'= { } (a+ A) tan § o—} (a—BA} cot o} sin 1", 

When the angles have been measured, and (if necessary) deduced to 
the centre of the station and the horizon, their values as given by the 
instrument, being all affected with some portion of error which it is 
impossible by any means to get rid of, must undergo a process of cor- 
rection or adjustment, or be made to satisfy certain mathematical 
conditions, before a determinate result can be deduced from them. In 


order to establish these conditions the following quantity must be com- sph 


Pr Geer ee 
Spherical Excess.—The spherical excess of a triangle on the surface 
of a sphere or spheroid, formed by the sections of planes perpendicular 
to the surfaces, is the excess of the sum of its three angles over 180°. 
This excess has a given relation to the area of the triangle depending 
upon the radius of the sphere; and in a geodetical survey the data 
for computing it are, in every case, a side c,and the three observed 
angles a,B,0, of which c is supposed opposite to c. Let s denote 
the number of square feet in the surface or area of the triangle, r the 
ical excess in seconds, and r the radius of curvature in feet; 
we have then s=4cc sina sinB+sinc, and r=ws-+rr, where 
@= 2062648". 
On the spheroid, the radius of curvature of a section mdicular 
to the surface is variable, and depends both on the latitude and the 
inclination of the section to the meridian. For a series of triangles 


included between two parallels of latitude whose distance is not more | ©! 


than two or three degrees, r may be supposed constant in computing 
the ical excess; and as the nearest approximation to its mean 
value, we may take the radius of curvature of the section which inter- 
sects the meridian in an angle of 45°, at the middle latitude. The 
general formula for the radius of curvature of an oblique section is 


1 (1—ee + ee cos? L cos? 6) / (1—ee sin’ /) 
we a (l—ee) 
where a is the radius of the equator, ¢ the excentricity (so that 
ce=(aa—bb)—aa, b being half the polar axis), / the latitude, and @ the 
azimuth, or inclination of the section to the meridian. 
Let p denote the radius of curvature of the meridian (for which 


@=0), p’ that of the section to the meridian (for 
which @= 90°), the formula gives 
1 / (1—ee sin? 1)? [1 A/ (1—ee sin? 2) | 
pCa) a - 
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‘ 1 aer ye {oy 
F = 5 cates G aimtona (5 + 7) +4(5 — 7) oon2s ’ 


from which 1+r is readily computed for value of 6. When 
@= 45°, the second term vanishes, “¢ 2 7 
In the latitude of Greenwich (51° 28’ p = 20911961 feet, 
p’= 20966473 feet, whence (making 0= 45°) log earn OCT Le 
and consequently log r=log s + 0°67251—10. that & ™ 
amount to 1", we must have log s=9°39749, or s=2,497,800,000 — 

square fect, or nearly 76} square miles, that is to say, 
excess amounts to 1" for every 76} square miles in the area of 
le. The calculation of the area therefore does not require 
made with much accuracy, and may be facilitated by means of 
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and the observations according to 
theory of probability, so as to elicit the result w! 
nearest the truth, or which gives the nearest 
whole of the observations. Formerly the practice 
triangle as a complete and independent whole, 
observed les (usually by some arbitrary 
the observer's judgment of their relative 
condition of pempeincan fren, ee st 180° together with the 
to relations subsisting among the 
the ondiflabenals cr othe polresnn Sanne by Sie ane SS zm 
de of proceeding affords a very imperfect 


can be ded from the observations, it is 
regard not only to the condition just named, but to 

relation subsisting among the angles of the whole series of 
included in the survey; and the more numerous 

which the observations are made to satisfy, the 
probable accuracy of the final result. 

The negra woe 7 ition epee iow raf eo at 
connecting the of a system 0} eti i arise 
from three sources: 1, The sum of the three angles 
equal to 180° plus the spherical excess; which 


accuracy, that it may be regarded as absolutely exact. 
a system of triangl 
common with the first, the third a side 4 in common 
the fourth a side ¢ in common with the third, and 
which has a side & in common with 
side 7 in common with the first, 
equation 


to 


was 
and to 


ie 


pS ot 
1=37*%*9%*5* 


and substituting for these ratios those of the sines 

opposite the respective sides, each being diminished 
erical excess of the triangle to which it 

condition is obtained which should be satisfied by the observed 

8, When the angles observed at any 

of the horizon, their sum must be gy to 360°; 

be made available when angles 


E 


observed from P, we have then five angles for correction, and em 


condition, namel , m—1 of the first kind, and m—2 of the second. 
mple i render this sufficiently clear. Let a, B, 0 be three — 
A 


. 


_ for an imperfect and arbitrary one. 
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B, and o have been observed, and which has itself been observed 
from those points. These observations give five independent angles 
to be corrected, namely, two at P,and one at each of the other stations, 
of condition, which are thus found: the two 
APC and BPC give two equations of the first kind, namely, 


1, APo+PAC+AcP=180° +z 
2, BPC+PBOC +BoP=180° +E, 


On considering the three triangles APB, BPC, ABC, it will be seen that 
side PB is common to-the first and second, 8c to the second and 
third, and a8 to the third and first. Forming therefore the identical 


equation 
4= *2. Bois Ae 
AB PB BO 


substituting for those ratios those of the sines of the opposite 
angles (each diminished by one-third of the spherical excess), we get 
equation of the second : 
i= sinPAB sinBPC sin ACB 
i sinAPB  sinBOP sin CAB 

When equations of condition have been thus formed, the 

different angles are substituted in them, each 
being increased or diminished by a small indeterminate correction. 
The values of corrections are then determined simultaneously by 
equations ing to the method of minimum squares, or 
equations of condition shall be satisfied as nearly as possible 
all satisfied exactly), and the sum of the squares of 
shall be a minimum. oe ae te on this 
subject, and examples of the application o! to trigono- 
metrical surveys, we must content ourselves with a reference to the 
‘Supplementum Theorie Combinationis, &c. of Gauss (Gottingen, 
1828), where it is applied to a portion of the triangles surveyed by 
in H 3; to Nos. 121 and 122 of the ‘ Astron. 
i ’ where it is applied by Rosenberger to Maupertuis’s 
in Sweden; to No. 438 of the same work, where it is 
by Bessel to iangles at the southern 
of the French arc of 


secondly, a general and uniform process of calculation is substituted 
proceeding according to the ordinary method, and regarding the 
of each other, the process is much simpler, 
the of the three observed angles and 
error of the three determinations, If each 
an number of equally good observations, 
. be Serene no nea seenel weeks 
ividing the aggregate error equally among 
are assumed to be equally good, but each 
determined by a different number, then the 
the error which should be thrown upon each 
is reciprocally ropordonal to the number of aberrations by 
it ; but when the individual observations are 
this is the general case) the distribution of the 
be made in such a manner that the amount of 
ied to each angle is proportional directly to 
the differences between each observation and 
the whole, and inversely as the square of the 
number of observations | which the angle was determined. If an 
angle has been a single reading, the portion of the 
error to it may be made proportional to the 


| 


error among 


wr ¢ 
angles has been sande aa theaag cubated eeecnting +0 some 


i 
i 
i 
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trigonometry. This method has been some- 

times adopted ; as it gives rise to tedious calculations, it is usual 
to have recourse to more expeditious processes, which, though onl: 
_ Spproximative, give equally exact results, Variousm of - 


mation have been proposed, though there are only two which have 
been much used. One of them is the method which has been exclu- 
sively followed in the Ordnance survey, so far as published, and also, 

by Delambre. It consists in deducing from the spherical 
angles the corresponding angles formed by the chords, and then com- 
puting the triangle by plane trigonometry. In this manner the chords 
of the two unknown sides are found, from which the sides themselves 
are easily deduced. The formule are as follows :— 

Let the three spherical angles (that is, the observed angles corrected 
for the errors of observation) be denoted by a, B, 0; the sides respec- 
tively opposite by a, b, c (expressed in feet); and the radius of curva- 
ture of the surface by 7 (also in feet). Let a’ be the angle formed by 
the chords of the sides 4 and c, and suppose a—a’=< seconds ; .hen 
putting w= 206264'8", 

—c 


Ce a 
r tan 16‘ 7 cot $4. 

In like manner if B’ and o’ denote the chord angles corresponding to 
the spherical angles B, 0, respectively, and if we ars ag B—B’=~2' and 
o—o' =<", the two small corrections z’ and x" will be computed from 
similar expressions to the above, and we have then the three plane 
angles a’, B’, o’, the sum of which is 180°. For computing these cor- 
rections approximate values of the sides must be previously found ; but 
for this purpose it will generally be sufficient to use logarithms to four 


Although for facility of explanation we have described the reduction 
to the chord angles as applied to the corrected spherical angles, it 
is manifest that it may be (in practice it generally is) applied to the 
observed angles. In this case we get a’ +B’+0’=180°- the aggregate 
error of the three observed angles, which error must be then distri- 
buted among the three reduced or chord angles in the manner before 
described, so that their sum may be exactly 180°. By this means, 
since we have obviously «+2 +2’=n, the previous calculation of the 
spherical excess, in order to correct the observations, is rendered 
unn E 

When the chords have been computed from the reduced angles a’ 
B’, 0’, the ares are found in terms of the chords by a well-known series, 
of which it is only necessary to use the two first terms. Let @ be a 
small are, and a’ its chord, then a=a’ — (a’3~ 24r*), 

The other method of computing the sides to which we have alluded 
depends on the following theorem, which was first given by Legendre. 
If from each of the angles of a spherical (or spheroidical) triangle, the 
sides of which are small in comparison of the radius, one-third of the 
spherical excess be deducted, the sines of the angles thus diminished 
will be proportional to the lengths of the opposite sides, so that the 
tes) a may be computed as in plane trigonometry. As before, let a 
B, © be the corrected spherical angles, a, b, c the sides respectively 
opposite, and & the spherical excess; then, if we mike 
A‘=A—] 2, Bb =B—4 zB, o'=0—f B, 


we shall have, in virtue of the theorem, 


ga— 


from which formuls the sides } and ¢ are computed. This method 
therefore ires no greater agin d of aes than Ravin fs 
if the triangles were on a e 8 excepting that o: 

cuoslaal eXcess ; Said if the thaek sapien abe gecuned 1 be dasa 
with equal accuracy, even this is not wanted (unless for the purpose of 
testing the accuracy of the observations), the angles for calculations 
“being found at once by applying to each of the three observed angles a 

ird of the difference between their sum and 180°, This is the 
method which is most frequently adopted. 

's theorem will give a sufficiently accurate result in ordinary 
cases ; but if the triangles are very large, and the utmost precision is 
aimed at, it will sometimes be desirable to have a closer approximation, 
This may be obtained by computing the angles a’, B’, o' from the 
following expressions of their values, which appear to have been first 
given by Professor Buzengeiger, in Lindenau’s ‘ Zeitschrift fiir Astro- 
nomie,’ vol. yi, (Tiibingen, 1818), and which are equivalent to an ex- 
tension of the theorem so as to include terms of the second order, 
Legendre’s approximation including only those of the first, As before, 
let s be the area of the triangle, and w=206264"'8, then 


5 8 aa+7bb +7cc 
A—A'= 5 (1+ ee CT gam I 
1 #8 (1 Yaa +bb +7 
B-B= Gr \'t 120) # 

os Jaa + 7bb + cc 
o—c'= FF, (1+ 120rr ), 


and in consequence of these, the spherical excess (=a +B+0— 180°) 
becomes 


_ #8 (1 aesee 
B= or \tt 24rr a 


Tt is easy to see that the second terms of these expressions must 
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@lways be v small ; in fact, they will amount only to a few hun- | azimuths of the two stations, in seconds of arc, are given the 
dredths of 0 socom anein We ge — Nevertheless be following formule, namely :— : nd 

the are considered as ing a mu dependence, an e 

pdr asely oop trie are determined smaltan from the ots 6 Sec eS © ee 
uations of condition, the corrected angles wi iven ( t pre- Taner tate ee 

pe rvey ined) 40 tires or Sour deckmala of 0 vecond, ead the above 6’—0 =180°—(a’—A) sin 4 (+1) seo § (U—)). 

formule will These formulm are only approximative ; but they are sufficiently exact 


Buzengeiger has also given a formula for the calculation of 
the sides of a geodetical triangle, which may be substituted for the 
method of Legendre, or used for verification. Let a be the known 
side, A, B, C, the corrected spherical angles, m= 0°4342945, the modulus 
of the common logarithms, and n=m--3=0'0000007, then for com- 
puting 4 and ¢ we have 

log b=log a+ log sin B—log sin A+” E 


en A—cot B); 
log c= log a+ log sin c—log sin A+” E 


cot Aa—cot C). ‘ 


more tedious than either, and does not appear to be attended with any 


corresponding advantage. 

Latitudes, Longitudes, and Azimuth—Having ascertained the ter- 
restrial distances between the several stations, the next step is to 
determine their geographical positions, or situations with respect to 
the equator and an assumed first meridian. For this purpose the 
latitude and longitude of one station at least, and the azimuth of a side 
of one of the triangles, must be accurately determined by astronomical 
means; we have then the data that are necessary for computing the 
geographical position of every other angular point, and the bearing of 
every other side, through the whole series of triangles, assuming the 
earth to be a spheroid of rotation of known dimensions and ellipticity. 
The uncertainty, however, which always exists respecting the exact 
form and curvature of any particular portion of the earth’s , or 
rather the irregularities of local configuration, require independent 
astronomical observations, particularly of azimuth, to be made at more 
stations than one, when the triangulation extends over a considerable 


transit- 
of 


But as this method cannot always be pede followed in geode- 
tical operations, the usual practice is to make the surveying instrument 
itself subservient to the determination of azimuths. In the English 
survey the method commonly adopted was, to observe with the theodo- 
lite the angle between a -staff and the pole-star at its extreme 

i ions east and west, and to take half the sum of the two angles 
as the azimuth of the staff. In determining the azimuth in this way 
a very accurate adjustment of the instrument is necessary. The 
method usually followed on the Continent has been to observe the 
angle between a referring signal and the sun, or some star whose place 
is well known, when near the horizop ; and as the azimuth of the sun 
or star at a given instant of time can be computed with great precision, 
the observation is liable to no icular cause of error, unless in the 
determination of the exact clock-time. The result is usually made to 
—— on the mean of a great number of observations. 

he problem on the solution of which the calculation of the geode- 

tical latitudes and longitudes of the stations, and the azimuths of the 
sides of the triangles, depends is this: Let a and B be two stations 
whose distance has been determined, and suppose the latitude and 
longitude of a to be known, er with the azimuth of B as seen 
from a; it is required to find the latitude and longitude of », together 
with the azimuth of a as seen from 8, The azimuthal angles are sup 
posed to commence at the south point of the horizon, and to 
reckoned towards the west (or right) from 0 to 360°, Assume 


1=the latitude of a, l’=the latitude of B, 

A=the longitude of a, A’ =the longitude of B, 

@ =the azimuth of a8 at the station a, 

@ =the azimuth of a8 at the station B, « 

d=the distance on the spheroid between a and B, in feet, 


And, as before, let a denote half the greater axis of the meridian, ¢ the 
excentricit; ener Os sin’ /), the radius of curvature of the are 


to the at a, and w=206264"8. Then, putting 
(for brevity) u=d+-p’, the differences of the latitudes, longitudes, an 
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F 
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chain of triangles, and x y the direction of the meridian through 
the first point a; and let perpendiculars Bd, cc, &., be drawn from 


each of the other points to x y. Suppose the angle x a B (the azimuth 
Of B on ths ackaces Of 4346 bavstotainadl b astronomical 3 


between the 
found by multiplyin 
inclination. Hence the distance 
de re A, to the foot of the 
F, is equal to the sum of the sides which join « and F, each m 
into the cosine of its inclination. Thus, the sum of the products of 
the three sides 4B, BD, DF, by the cosines of their respective inclina- 
tions, gives ab+bd+df=af; or the sides ac, cE, BP, reduced in 
the same manner, give ac+ce+ef=af. Hence the from 
to the foot of the i through each point 
In like manner, on m' eam, ashe. pelea deapccher 
its inclination, we have the difference of the distances of its 
mities from x ¥, and the distance Ff, of any point Fr, is the sum 
those differences (taken with their ee hee in respect of all the 
intermediate sides between a andr. T' relations are more shortly 
expressed by algebraic formule. Let the inclinations sides 
intermediate between a and F, for example, aB, BD, DF (the 
the different points being all reckoned in the same direction), be respec- 
tively a, 8, y; then, attention being given to the algebraic signs of the 
trigonometrical lines, we have 

Af=ABcos a+B D cos B+ DF cos y, 

F/=AB sin a+BD sin 8+DF sin y, 


By this means, all the 


point F for example, 
spheroid, passing 

of a, then A/ (which is always less than af) is the are of meridian 
corresponding to the difference of latitudes. To compute fh we have, 
from the properties of the spheroid, the formula fh=rf* tan l’-+-2R, 
in which /' is the approximate latitude of F, and R the distance 
the centre of the earth; and as fA is always very small, instead 
computing the value of R, it will be sufficiently accurate to use p, the 
radius of curvature of the meridian corresponding to the Tatitud 
The distance f A thus found is expressed in feet; to convert it into 
seconds of arc we must multiply by «+p; hence the difference of 
latitudes of F and a, expressed in seconds, i 


 1— 
V—I=(w+p) (Af—fih). 

The latitude of F and its distance r f from the meridian of a 
known, its longitude, or the are ¥ h of the parallel circle, is found 
the formula already given. Let p’ be the radius of curvature of 
perpendicular arc F f, then (w+ p’) ¥ f is the number of seconds in 
and hence the difference of longitudes of ¥ and a in seconds is— 

N—A=(w+p) x Ff sec l. 

When the positions of a considerable number of points are to 
determined, the calculations may be facilitated by forming a table 
the values of fh corresponding to every value of rf proceeding by 


——— 
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small differences, 100 feet for ‘example. In following this method, 
Inateven, the stations must not’ ‘be so far from the assumed meridian 
that the difference of the curvilinear distance and its projection on the 
horizontal plane sensible, and hence in the survey of a large 
country new meridian (or the azimuths) requires to 
be determined astronomically when the triangulati has been carried 
a degree or two to the east or west of the point of departure. It is 
scarcely to add that the positions of the secondary points 
are computed without reference to the curvature, or convergence of 


meridians. 
The method of ounieny he a the parallels of two 
remote stations, a and Fr, whi \ 4 
is usually followed in measuring arcs of meridian. To this purpose, 
indeed, it 
the 
ine to be 
of the =a. 
other methods of computing the parts of the meridian, and formule, 
theoretically more exact, for computing the latitudes, longitudes, and 
see Delambre’s ‘ Méthodes Analytiques la Determina- 
ion d’un Arc du Méridien ;’ or Puissant, ‘Traité de Géodésie,’ third 
edition, 1 


Té the earth were a regular spheroid of rotation, the latitudes and 
longitudes deduced from i commencing with a 
given observatory would agree exactly ac pats lease cae aha 

ven by astronomical observations. Such agreement however is not 
Bea exist; end no regular figure can be assigned to the earth by 
which the results of the two methods can be entirely reconciled. An 
instance or two will suffice to give an idea of the extent to which the 
discordances may reach. In remeasurement of Beccaria’s arc, the 
astronomical di of latitude between Andrate and Mondovi was 
found to be 1° 7’ 26.98, while the difference computed from the French 


triangulation, taking the o of Paris as the point of de; "4 
and assuming the ellipticity =1~ 308°65, was 1° 8’ 14.82. The dis- 
cordance amounts to 47.84, ing to a distance on the meri- 


dian of about 4880 English feet, the whole distance being about 
$68,885 feet. Again, the latitude of Venice deduced from that of 
Rimini by triangulation was found to differ 17”.2 from the latitude 
given by direct observation ; and the latitude of Rimini deduced from 
that of Milan differed 27”.4 from the astronomical latitude. (‘ Con- 
naissance des Tems, 1827.) Similar anomalies have been found in 
the in England, France, Austria, and indeed all other countries; 
gid as thate amount exceeds that which can with any probability be 
to errors of observation, in 

the retin of gravity ising from inequalities in the form or internal 
tions of density. Puissant (‘Mém de l'Acad.,’ t. xiv., 1838) shows 
reason for supposing that in France the curvature of the surface is 
different on the east and west sides of the meridian of 


Az pag of are 
Zand seperrniing 
¢ the angle at the centre 
B; d the distance in feet between a and B on 


Qr+l +h: W—h :: cot ho: tan § {2+ Ax’—(z+ A2)}, 
from which, on rejecting superfluous quantities, and with the aid of 
certain physical assumptions, the formule for computation are de- 
In the first place, i’/+h may be rejected as being insensible in com- 
parjson of 2r ; then since 2! + Az’—(¢+ Az)=2 {90°—(2+ Az—40)}, the 
above analogy gives 
h/—h=2r tan 4 ¢ cot (2+ Az—4c), 
because c is always a very small , we may put, without 
error, d= 2r tan 4 0, The last deme thos boesne: 
h'—h=d cot (2+ Az—4 0), 
With respect to the unknown quantity Az, two assumptions are 
male: first, it is assumed that the whole effect of the refraction at 
both stations is proportional to the distance between the stations, or to 


the angle o; or to assume A? + Az=ko, where & is a numerical co- 
efficient. Secondly, it is assumed that the effect of the refraction is 
the same at both stations, or that A’=Az; this gives Az=4ko, and 
consequently Az—} o=—4 (1—k) c. Substituting this in the last 
equation, we get 

h' h=d cot {2z—} (1—k) of} (a). 


This equation gives the height of the signal at B above the place of 
the instrument at a in terms of the geodetical distance d, and the 
observed angle z, assuming the coefficient of refraction to be known, 
It will be observed that c is given in seconds by the formula c=wd+r, 
where w= 206264"'8. 

When the zenith distances are observed at both stations, the co- 
efficient k may be deduced from the observations; for the assumption 
of Az’ +Az=k c gives ko=0 + 180° —(z+z), whence 

1—k=(2' +z—180°)+0. —(b). 

A mean value of &, deduced in this manner from a number of reci- 
procal observations, may be substituted in the equation («) for finding 
the difference of the heights of two stations when the zenith distance 
has been observed at one of them only. But when 2’ and z are both 
observed, the difference of altitude is obtained independently of the 
value of &; for on substituting the value now given of 1—k in 


equation (a), we get 
i'—h=d tan 4 (2'—2). (c). 


The absolute height / of the first station is usually found by levelling 
from the surface of the sea at half-tide. But assuming the refraction 
to be known, the absolute height of a station may be determined by 
observation of the zenith distance of the sea horizon, The formula is 

h={r (1+ 4k)? tan® (z—90°). = (d). 

In the application of the preceding formula, it is necessary to attend 
to the height at which the instrument was placed with respect to the 
signal, or point for which the calculation is to be made. For instance, 
if the object observed is the surface of the ground, and the instru- 
ment is placed at the height of n feet above the surface at both 
stations, then on computing the coefficient of refraction from the 
formula (b), the angles z’ and z must be each diminished by the number 
of seconds in the angle subtended by n feet at the distance d, that is, by 
206264""8 nd. In the formula (c), which applies to reciprocal obser- 
vations, the height of the instrument need not be regarded, provided it 
be the same with respect to the signal at both stations, In the cases to 
which (a) and (d) apply, the correction is made by subtracting the 
height of the instrument above the ground from the results given 
immediately by the formulz. 

The surest determination of altitudes is that which is given by 
reciprocal observations ; for in this case the only assumption involved 
in the formula is, that the refraction is the same at both stations; and 
if the observations are made under similar atmospheric circumstances, 
this cannot well be i to lead to error. Such observations also 
give a more certain value of the coefficient cf refraction than can be 
deduced from the astronomical theory, which, besides the hypotheses 
necessary for connecting the variation of temperature with the altitude, 
assumes also (for the present purpose) that the variation of tempera- 
ture follows the same law throughout the whole distance from the one 
station to the other. The mean value of k, deduced by Bessel from 
reciprocal observations made during the measurement of the Prussian 
are, was 0°1370; Gauss found 0°1306; Carabceuf, from the French 
triangulation in Piedmont, 0°1285: Struve, in Russia, 0°1237; De- 
lambre and Méchain, 0°1566 ; ahd in the English survey the definitive 
value of & was found to be 0°0809 for rays crossing the sea, and 0°0750 
for rays not crossing the sea. 

We shall conclude this article with a short statement of some of 
the more important results relative to the figure and dimensions of the 
earth which have been deduced in recent years from a discussion of 
arcs of the meridian and of el, 

In the ‘ Encyclopedia Metropolitana’ (art. ‘ Figure of the Earth’), 
Mr. Airy has discussed fourteen arcs of the meridian and four arcs of 
parallel, The results obtained by him are— 


a= 20,923,713 feet. 
6 =20,853,810 ,, 
a—b 1 


a@ ~ 299°38 feet, 


a,b, canes the semi-major and semi-minor axes of the terrestrial 
spheroid, and ¢ the ellipticity or compression. 

In the ‘ Astronomische Nachrichten,’ Nos. 333 and 438, Bessel has 
given an elaborate discussion of the figure and dimensions of the 
earth, founded on ten arcs‘of the meridian.* His final results present 
a remarkable accordance with those obtained by Mr. Airy. They are—- 


a=20,923,600 feet. 
b =20,853,656 ,, 
1 


«= 99015 ° 


* In 1841 
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Colonel Everest, in his ‘Account of the Measurement of Two| . Com these arcs two and two, General Schubert obtains 
Sections of the Meridional Are of India, &.,’ has deduced the elements | twenty-eight different sets of elements 
of the earth's figure from a discussion of twelve arcs of the meridian. | He is thereby led to suspect that the earth is not a solid of 


His final results are— 
a= 20,920,902 feet, 
b=20,853,642 ,, 
1 


oe: Blah a 


In the ‘ Account of the Principal Triangulation, &c.,’ relating to the 
Ordnance Survey of the British Isles, Captain Clarke has inves- 
tigated the elements of the spheroid which most nearly re its the 
surface of Great Britain. The following are the final results obtained 


by him 
a=20,927,005 feet, 
b= 20,852,372 ,, 
1 


«= 280-4 ” 
From these elements Captain Clarke has deduced the following 
results :— 
1. Radius of curvature of the meridian 
= 20,889,705—111,949 cos 2A +250 cos 4A, 


2. Radius of curvature perpendicular to the meridian 
= 20,964,404—3745°0 cos 2A+50 cos 4A, 
3. Radius of parallel 
= 20,945,679 cos A—18,700 cos 3A +25 cos 5A. 
4. Length of a meridian are whose amplitude is @ and mean 
latitude A 
= 20,889,705 ¢—111,949 sin » cos 2A + 125 sin 26 cos 4a, 
5. Length of a degree of the meridian 
=364,594'1—1953°8 cos 2A +44 cos 4A, 
6, Length of a degree of longitude é 
= 865,571°0 cos A—326°4 cos 3A +0°4 cos 5A, 
These formule are, of course, applicable only to the surface of Great 
Britain. 
In the work above cited, Captain Clarke has also investigated the 
elements of the earth’s figure by a discussion of the totality of trust- 


worthy arcs of the meridian hitherto measured on the 's surface 
(with the exception of Mr. Maclear’s are). The following are the final 


results :— 
a= 20,926,348 feet. 
b =20,855,233 ,, 
1 


«= 29426 »” 


These elements give for the radius of curvature of the meridian the 
following expression :— 
p= 20,890,805—106,678 cos 2A + 227 cos 4A, 


And for the length of a meridian are whose amplitude is ¢ and mean 
latitude A, the following value :— 


8= 20,890,805, ¢—106,673 cos 2a sin p +113'5 cos 4A sin 29, 
From the same elements the value of a mean degree of the meridian 
is found to be 

= 364,613'33 + 3°0 feet, 


whence the length of the ideal métre 
= 39°37840 + 000824 inches. 


Captain Clarke has subsequently shown (‘Monthly Notices of the 
ee reece Society,’ vol. xix., page 36) that the introduction 
of Mr. Maclear’s value of the Cape are into the investigation does not 
sensibly modify the final results. 

The most recent investigation of the figure of the earth is due to 
General Schubert. (‘ Essai d’une Determination de la veritable Figure 
de la Terre, Mem. de l'Acad. Imper. de St. Petersbourg,’ vii. serie, 
tome i., No. 6; ‘Monthly Notices of the Royal Astronomical Society,’ 
vol. xx., page 104.) His investigation is based upon eight arcs of the 
meridian, in which the i are eastwardly from an 
imaginary meridian 20° west of Paris, 


Latitude, Longitude, 
Russianarc . 0. 2S, 45" 20 to 70° 40’ 44° 23’ 
Indianare. 8. 4 « 8 10 ,, 29 31 95 20 
Frenchare . *, , 3840, 51 2 20 0 
Capearo . . + «20 44 —34 21 36 6«°9 
Peruvian are . e « 0 8 y—38 5& 298 44 
Prosianaro =. gS, «(54 18 4, 55 48 $8 10 
Englishare . «. . 50 37 ,, 60 50 17 40 
Pennsylvanian are « « 88 27 ,, 39 56 300 10 


comparison z 
Russian are and the Indian are in this way, he obtains two 
values of the minor axis agreeing nearly with each other. The 


major axes of the meridians of the Peruvian, Russian, and 
The following are the results obtained by him :— 


Major axis of Peruvian meridian . 298°44° 3,272,383 
” Ri " > 10. eae $,272,650 
” Indian’ n « 95°30 3,272,581 


Assuming the terrestrial equator to be an ellipse, General Schubert 
oe its elements from the foregoing three radii vectores, and 
us finds, f 


Major semi-axis 3,272,671; its longitude 58° 44’ or 238° 44’ 
Minor semi-axis 3,272,303 ; its longitude 148° 44’ or $28° 44’. 


The combination of these with the polar 


peatorinl <oee- corer ne i 50 ee eetent ae These radii 
of course the major axes of the idi 


differences of 
latitude, the geodetic measures are compared. The residual differences 


are as follows :— 
Are of Meridian, 


Peruvian are . . . . 


Pennsylvanian . . . . + «—6 687 
English . . . roe . + +0 736 
French «2.2 eran? se + «1 607 
CapeofGood Hope . . . « «=O “442 
Prussian . . * . . .  « +1 267 
Russian Cae te . oi «1 +289 
Indian, . Fy . . . « « +1 °619 


The Pennsylvanian arc was measured entirely with rods 
entitled to any confidence. In the Indian arc no account 
the disturbing influence produced by the attraction of mountains, 

For the values of the terrestrial a sagged deduced from oscillations 
of the pendulum in different lati , and from the theory of the 
moon's motion, see the articles Penpuum and Moon, 

GEOGRAPHY (a term derived from the Greek -yewypapla, geo- 


grdphia) is a science the general object of which is to describe the 
he, wo our globe. Its tates peel object. is to 


The political condition of a nation and the changes to which it is 
subject are in a great degree dependent on the of the country 
which it inhabits, or of those countries which surround it, The difference 


in civilisation observed in nations living near one another may also in a 
great degree be ascribed to the same cause. Accordingly we find that 
as soon as men began to ta /nacggar alee Ric pcg bed 
changes and differences, they were obliged to look to the 
es tant otgesh  Inseliguta. Gucipuphy se coorel itv histo 
was object to investigate. is with 
is as impossible to form a just age 
most decisive in the history of a nation without a knowledge of 
country, as it is to understand the movements of two armies on 
of battle without knowing the nature of the ground which is the 
of their operations, 

lp! arched hogy Sag oh ce aga oe 
ture of the western world, occur in the Homeric poems. 
pains PGnapeashy' wartbe® ‘ Maaval » pede 
Ancient y of | i 
should be warranted in saying, that these represent 
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Bo, “ Not that there-is aK 
age on this subject,” says Mr. I 

would not admit, nor lead us to expect, as much; but the inci- 
Nental notices are numerous enough to enable us to picture to ourselves 
the world as Homer conceived of it, and have therefore obtained for 
him the reputation of being the first geographer. . . . . . Homer, like 
many of his successors, was ignorant of the spherical form of 
the world ; he conceived it to be a flat circular body, the upper face of 
which was the habitation of while the lower was the region of 
Tartarus,the abode of the p’ Famed Over the earth stretched 
the vault of heaven, and round it flowed incessantly the stream of 
ocean. The heaven rested in its extremities on the surface of the 
earth.” The ocean which surrounded the earth like the rim of a 


i 
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shield, naan Senet as a river or stream, differing in character 
from all other of water, and yet the parent of them. The land 
of Hellas was deemed the centre of the world’s circle. The continents 
are not distinguished as such, nor are they designated by any general 
names ; for Asia applies only to the upper valley of the river Caister ; 
and Europe seems to be confined to Greece, north of Peloponnesus. 
ey adh ead d arg i eget icp We also 

of land and river of Egypt (the name of Nile does not yet 
occur), with the ancient Thebe and the isle of Pharos. 

In the third volume of ‘ Studies on Homer and the Homeric age,’ 
by the Right Hon. W. E. Gladstone (1858), is an elaborate investiga- 
tion, under the head of ‘ Thalassa : the outer Geography of the Odyssey,’ 
of the terrestrial system of Homer, of which he has constructed a map 
accom ing the volume. He infers, however, that in Homer's esti- 
mation the form of the world was not circular, but oval, having a 
shorter diameter from east to west than from north to south. In the 


the 
oblong form of the shield in the time of Homer; our information 
the figure attributed to the earth being derived by implica- 

form of the shield of Achilles, The outer geography 
consists, first, of a great mass of fabulous and imaginative geographical 
; and, secondly, of certain forms of sea and land, genuine, 
and though wholly or partially misplaced, yet recognisable by their 
general likeness to their ori in nature, The Greek world of 


originals 
y proper, as described above, is the inner one, The whole 
reminds us of the Chinese map of the world. 
In age of Hesiod (800 B.c.) the knowledge of geography had 


considerably extended, particularly towards the west, a general 


im- 
provement in the notions of European localities having taken place ; 
the Nile also is mentioned under its proper name, and the south of 
(the ancient) Africa had become the recognised abode of the A®thio- 
jians, whom Homer had placed in the east and west. The close of 
the 7th century witnessed the first essay at maritime discovery, in the 
well-known attempt of the Pheenicians to circumnavigate Libya; but 
the circumnavigation of Africa always remained a problem to the 
ancients, much in the same way that the north-west has been 

i i | roe te of the 


conclusion from astronomical observations, but whether Pytha- 

' goras himself was aware of the truth is uncertain; it was not received 
in Greece until the age of Plato. The logographers, or 

-writers, now contributed most signally to the advance of prac- 


uo} 


tical y by the descriptions they gave of various quarters of 
Me the globe. were many others who wrote accounts of their own 
4 travels, whom was Himilco, “ whose narrative,” says Mr. Bevan, 


“is to a certain extent preserved to us in the works of Avienus. He 


i (?) body, with Delphi in the centre, he 73 by the ij 
which is rightly deemed a sea, arfd not ariver. In place of the oe 
of the world, we hear of the four quarters, north, south, east, and 
_ We further find that he adopted the division of the land into 
continents ; the river Phasis separating Asia, and the Straits of 
Hercules Libya, from Europe. 

Herodotus, the father of history, is likewise the father of geography, 
in the sense that his writings formed the commencement of a more 
and enlightened system, the materials of which, as will presently 


His ical descriptions are short and general, but always clear, 
and Sscaw ion how far the physical peculiarities of eek Hickey 
influenced the and events which he had undertaken to com- 
memorate. When found that a country was characterised by 
peculiarities, he described them at considerable length. 
Instances of this are his description of Egypt in the second, and his 
description of the Scythians snd their country in the fourth book. 
From the pecpioninery, chapters on the life and writings of Herodotus, 
prefixed to the new English version of his history, by Mr. Rawlinson 
(1858), it appears that his active and inquisitive turn of mind led him 
at an early age to engage in travels, the extent of which, combined 
with their character, clearly shows that a long term of years 
i) —— be = 80 gees visited Babylon, Ardericca 
usa, the remoter parts pt, Scythia, Colchis, Thrace, 
_ Cyrene, Zante, Dodona, and Magna Grecia; thus covering with his 
trqvels a space of thirty-one degrees of longitude (above 1700 miles), 
_— east to west, and twenty-four of latitude (1660 miles) from north 
south. “ Within these limits, moreover,” Mr. Rawlinson observes, 
knowledge is for the most part close and accurate. He has not 
paid a hasty visit to the countries, but has examined them 
is familiar with their scenery, their cities small and large, 
wonders, their temples, and other buildings, and with 
and customs of their inhabitants. The fulness and 
his information is even more remarkable than its wide 


ng Wp has attracted less observation. In Egypt, for instance, 
- not contented himself with a single voyage up and down the 


Nile, like the modern tourists, but has evidently passed months, if not 
years, in examining the various objects of interest.” In fact, to what- 
ever extent he was indebted to earlier authorities for his preparatory 
culture, the real source of almost all that he has delivered to us in the 
shape of geographical description, was personal observation and inquiry. 
His accounts of countries are, in the great majority of cases, drawn 
from his own experience, and are full or scanty according to the time 
which he had spent in the countries in making acquaintance with their 

eral character and special phenomena. Where he has not travelled 
himself, he trusts to the reports of others, but only, to all appearance, 
of eye-witnesses. If in any case he gives mere rumours which have 
come to him at second-hand, he is careful to distinguish them from 
his ordinary statements and descriptions, He seems to have been 
indefatigable in laying under contribution all those with whom his 
active and varied life brought him in contact, and deriving from them 
information concerning any regions unvisited by himself, with which 
they professed themselves acquainted.” By these means, concludes the 
latest interpreter of, and commentator upon, Herodotus, “ he gathered 
the materials for the geographical portion of his work.” 

There is, however, something vague in the descriptions of Herodotus, 
for want of a means of referring to the position of places as determined 
by astronomical observations. Herodotus, indeed, was apparently not 
fully acquainted with the state of science, and particularly astrono- 
mical knowledge, as it existed in his age. Thales had some time before 
calculated an eclipse of the sun, and from his epoch astronomy attracted 
the attention of the Greek philosophers, and facts in this science began 
to accumulate. It was, however, soon evident that most of these facts 
lost a great part of their value, from the circumstance of the position 
of places not being ascertained. Astronomers, therefore, were led to 
devise a method of fixing the latitude and longitude of a place; and 
though this method, when compared with our practice, was extremely 
rude and imperfect, yet it must be considered as having. materially con- 
tributed to the improvement of geography. With the help of such 
astronomical observations as were made by his predecessors or himself, 
Eratosthenes formed the first system of geography founded on a basis 
which in some degree approached to truth. He determined the geo- 

phical position of a great number of places, many of them hardly 

own to Europeans ; but these determinations were often founded on 
vague information, and consequently were in a great degree conjectural. 
Still his map gave a much truer image of the figure of the world than 
philosophers had formed before him, as he took care to subject his 
information to a strict examination. 

While his successors were slowly eee his work, the historians, 
following up the plan traced by Herodotus, enriched geography with 
the description of those countries which at the time of the historian of 
Halicarnassus were not known, or at least only imperfectly known in 
Greece. Among these historians Polybius deserves particular mention. 
His geographical descriptions of the countries which inclose the western 
portion of the Mediterranean Sea are as good as, if not superior to, 
those by Herodotus of the countries between the Caspian Sea and the 
Gulfs of Persia and Arabia, About this time, or shortly afterwards, it 
would seem that several persons undertook travels into remote coun- 
tries, in order to investigate their physical character, and to ascertain 
the accuracy of such information as had reached them by hearsay. 
The most conspicuous among these adventurers was Posidonius. Like 
Alexander von Humboldt, he went to the then remotest accessible part 
of the earth, to Iberia, which was as noted for its mines of the precious 
metals as South America and Mexico are in our times; and though 
only a small portion of the information which he collected has come 
jadown to us, he seems to have paid great attention to nearly all the 
objects of inquiry which the German philosopher has investigated. 

The geographical information collected by these eminent travellers 
and many others of less note was scattered over a great number of 
works, access to which, in the circumstances of those times was. neces- 
sarily difficult. Strabo, a native of Asia Minor, who wrote in the time 
of Augustus and Tiberius, undertook to incorporate in one work those 
scattered materials, and to add the information which he had acquired 
in his own travels. His object, according to his own declaration, was 
to compose a work which should be useful to those employed in the 
administration of countries. He accordingly discarded everything 
which was only of temporary importance, and described each country 
according to its permanent physical character. In a few words he 
informs his reader of the extent of each country under description, and 
its chief political and historical divisions. Passing on to the detailed 
description of these divisions, he follows much more nearly the course 
of our modern travellers than that of our geographers. Mountains, 
plains, valleys, rivers, and towns keep their true position with respect 
to one another; productions and climate are mentioned in their proper 
place. A few short observations on the commerce and the articles of 
export conclude his description. By this judicious arrangement the 
sagacious Greek geographer avoided causing to his readers that weari- 
ness which every one experiences in perusing common geographical 
books, in which every object is, as it were, rooted out from its natural 
place and to a foreign spot. We cannot help thinking that 
the method of treating geography adopted by Strabo ought still to be 
considered as a model, and pas to be again introduced into works of 
this class; the late Charles Ritter, in his justly esteemed geographical 
works, strictly adheres to the plan of Strabo, 


367 GEOGRAPHY. 


GEOGRAPHY.’ 


Whilst the phy of Strabo was extensively used all over the 
Roman world, the eget school of Alexandria continued collect- 
ing materials for the purpose of completing and perfecting the system 
of mathematical geography framed by Eratosthenes, These collections 
enabled Ptolemy to form his Geography, which is hardly anything else 
but a catalogue of places according to their estimated or determined 


geographical position. In its time it was certainly a very useful work, 
but its value to us consists chiefly in showing how far Greeks had 
carried their knowledge of the surface of the globe. the time 


he — u e the 14th century scarcely anything was added to what 
left behi im, 

The downfal of the Roman Empire, and the occupation of Western 
Europe by barbarous nations who were hardly acquainted with the 
elements of civilised life, suddenly extinguished all scientific research. 
Many centuries elapsed before these nations made such progress in 
civilisation as to enable them to turn their attention to science. 
Geography, which shared the fate of the other sciences, was, however, 
revived sooner than the rest, and the circumstance which led to this was 
the publication of the travels of the Venetian, Marco Polo. Though his 
accounts were rejected by his countrymen as mere fictions, or at any 
rate were treated as great exaggerations, some German scholars at 
Niirnberg took a different view of them. As Niirnberg at that time was 
one of the greatest ing places on the Continent, and for that reason 
closely connected with the first commercial houses of Venice, these 
learned men soon procured a copy of Marco Polo’s travels. For the 
other countries of the world, taking Ptolemy as their basis, they intro- 
duced the principal’geographical facts contained in Polo's travels into 
their globes and maps, as an addition to the knowledge transmitted ‘by 
the astronomers of Alexandria, But Marco Polo had made no astrono- 
mical observations, nor had he even mentioned the length of the 
longest day at any place. The German geographers were therefore 
obliged to determine the extent of the countries which he had traversed 
by his vague estimates of days’ journeys; but the length of these 
journeys was greatly exaggerated by them, as they were entirely 
unacquainted with the peculiar character of Eastern-Asia. The con- 
sequence of this was, that on their maps and globes Asia extended over 
the whole of the Pacific, and its eastern shores were placed very 
nearly where the Antilles are situated. This error of the geographical 
school of Niirnberg was attended with very important consequences. 
Columbus, relying on their estimates, considered that the shortest way 
to arrive at the eastern parts of Asia would be by sailing to the west. 
He found America; but the same school of geographers whose errors 
had induced him to venture on such a voyage deprived him also partly 
of the honour due to his great discovery. Baron von Humboldt proved 
that the very slow and insecure communications which then existed 
between Oe and Germany brought the news of the discovery of the 
New World to the geographers of Germany, with the names of 
Columbus and Americo Vespucci together, and that the Germans 
thought that Americo was the true discoverer of the new continent, 
which accordingly obtained from them the name of America, a name 
that has become universal. 

The details of this subject will be found in Humboldt’s elaborate 
work entitled ‘ A Critical Examination of the History of the Geography 
of the New World, and of the progress of Nautical Astronomy in the 
15th and 16th centuries.’ It is an immense digest of the geographical 
information of the later periods of classical antiquity and of the middle 
ages as well as of the times to which it more expressly relates. Many 
important results of the investigation have also been given by the 
author in his ‘ Cosmos.’ 

The first half of the 16th century was entirely employed in discover- | 
ing the extensive coasts of America, and the countries and islands 
lying along it, and in the Indian Ocean; and geographers were fully 
employed in inserting these new discoveries in their maps according 
to such determinations of positions as they could obtain. In all the 
geographical works written during that century this characteristic is 
observable. They resemble much more the geography of Ptolemy 
than that of Strabo. But what could geographers then know of the 
interior of countries whose very coasts were yet hardly laid down with 
aceuracy even in a few places? 

In the mean time the other sciences had been revived and with 
them also the study of antiquity, which gave a different turn to the 
study of geography during the 17th century. Many persons well in- 
formed in ancient history visited Greece and the countries of Western 
Asia, with the view of examining those parts which had once been the 
theatre of great events. Such historical travellers were very numerous 
during the second half of the 17th and the first half of the 18th 
century; and though at first they confined their researches chiefly to 
such p as had obtained some historical celebrity, they afterwards 
extended their views to the physical character of the countries in 
which such places were situated, and gave us some excellent descrip- 
tions of them, such as we find in the travels of Chardin, Shaw, 
Pococke, Chandler, and Carsten Niebuhr. These travels greatly con- 
tributed to the improvement of geography as a science. They brought 
history and geography again into close connection, Before this time 
geographical works contained hardly anything beyond a dry catalogue 
of names of places, rivers, and political divisions. But in describing 
the still existing ruins of places celebrated in ancient history geo: 


graphers were compelled to go back to those ancient authors who had 


treated of these places, and thus a part at least of the geogra) ] 
knowledge of Herodotus, Polybitis, and Strabo, was pend refi ys 
our modern geographical treatises. Thus a great deal of very interest- 
ing and useful matter found its way into treatises on , Which 
had hitherto been entirely excluded, partly because it not been 
known, and partly because it had been considered as foreign to the 
object of the science. If any person will take the trouble to examine 
any of the geographical works of the middle of the 17th and 18th 
centuries, he will find that more than three parts out of four of 
their contents have changed in the course of 100 years. 
Still the science of geography remained in a very imperfect state. 
Only a few spots in each country had been described with any 
of precision. The liar character of an entire country, and of its 
component parts, had never been made a subject of inquiry. It 
had never been a subject of investigation, how far the physical cha- 
racter of a country was favourable or adverse to the civilisation of its 
inhabitants. This has now in a great degree been effected the 
ists and other men of science, who during the last and the 
present century have visited nearly — part of the globe. In course 
of time the researches of travellers voyagers have thus been ex- 
tended to a greater number of new objects. At first they limited their 
labours to the extension of Natural History, adding a few o tions 
on the countries through which they passed. Thus Tournefort, who 
travelled through Asia Minor, Armenia; and Persia, may be considered 
as the first travelling naturalist. But by examining the natural pro- 
ductions of a country, travellers were reco | led to an investigation 
of their climate. In their attempts to establish the mean temperature 
of different places, and its effects on vegetation and animal life, they 
soon perceived the great influence which a variation in elevation above 
the level of the sea has on both. Thus they gradually learned that 
nearly every country is divided by nature into a ler or 
number of parts materially differing in climate and natural productions. 
The knowledge of this fact mainly contributed to give geography a 
new character, and to introduce new and important ped «« into the 
geographical descriptions of countries, such as we find in the works of 
Pallas, Dr. Francis Buchanan Hamilton, and Alexander von Humboldt. 
What these great men, and several of their less distinguished prede- 
cessors, did, and what their eminent successors, such as Dr. Bebe, 
Prof. James Forbes, Dr. Thomas Thomson, Dr. Joseph D. Hooker, 
Mr. A. R. Wallace, and others, have continued to do, for the countries 
out of Europe, has been accomplished with equal success for the 
European continent by the labours of numerous excellent writers. 
Geography, then, in its present state, and in its  oreagrar application, 
has for its Object the determination of all those , as to any given 
country, which will enable us to judge of its fitness to provide man 
with food, and to promote his civilisation. As a science, its object is 
to deduce, from all the observed phenomena within its sphere, those 
general principles which enable us from certain known facts, as to any 
given country, to infer others not ascertained, and which indicate what 
are, as to each portion of the earth, the proper objects of inquiry. It 
is not every part of a country that possesses equal advantages for the 
habitation of man. 
than others. There are also tracts which are inferior in both respects, 
but by the aid of other advantages, especially those of easy communi- 
cation, have risen to a higher d of prosperity and cultivation than 
many others in their neighbourhood which are more favoured in soil 
and climate. No correct knowledge of a country can be acquired 
unless the parts of it which are distinguished b: ir natural advan- 
tages or disadvantages are separated from other, and unless a 
particular description is given of each, with its extent, and the pro- 
portion which it bears to the whole country. The first business of 
the geographer then must be to make this separation. His next 
business is to give a particular description of each of these natural 
divisions, beginning with the most essential fact, its elevation above 
the sea. If it is a valley, he notices its elevation at its origin and 
its termination, observing where its descent is and ly 
and where it declines with greater Bos apc If it is a p he 
notices at least its mean elevation, observes in what cases it 
extends in a flat level, and in what cases it has an undulati 
surface; also if a smaller or larger portion of it is covered 
swamps. This description of the surface is followed by that of the 
water-courses or drainage. After determining the sources of a stream, 
and the direction and } of its course, he mentions the amount 
depression of its bed below the general surface of the valley or of the 
plain; and when it drains a plain, if there are bottoms or river- 
formed on the surface of the plain, he mentions also the general extent 
of these bottoms. The distance to which a river is navigable is the 
next object of inquiry; if there are any impediments to the 
navigation, and if any successful attempts have been made to remove 
them, these facts also require mention. The extent of surface drained 
by each river, or by all the streams which ultimately unite in one 
el; in other words, the extent of each river-basin, must also be 
ascertained. Next follows the climate, Here two — especially 
are to be attended to: the temperature of the air and the quantity of 
rain which falls, and of moisture in the atmosphere. As for the tem- 
perature of the air, not only the mean annual temperature is to be 
given or'ascertained, but also that of the different seasons, and the 
regularity or irregularity of its changes, as such changes generally 


Some parts are more favoured by soil and climate 
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affect the health of the inhabitants in a sensible degree. As to moisture 
or the annual quantity that falls should be noticed, but 
on at the different seasons. The character and the 
duration of the seasons must also be observed, and the prevalent 
winds ; and especially the effect of the seasons on the progress of vege- 
It is necessary to know all these facts before a just notion can 
the fitness of any given tract of country for providing a 
population with food. And this capability of a country for the pro- 
duction food,—or, in other words, its capabilities for agricultural 
, is one of the most useful branches of geographical inquiry. 
nature of the soil, and its fitness for different productions adapted 
climate of the tract, are therefore matters of primary importance 
a geographical description. It is here proper to enumerate those 
objects of agriculture which are raised for food and as materials for 
clothing, and i 
and the value of the produce; and, in the next place, such productions 


2 


as are either of some use in the domestic economy 
of the inhabitants, or furnish a commodity for-foreign trade. It is not 
the business of the geogra to enumerate all the particulars which 
the botany or zoology of a district, for that would enlarge 
‘ all bounds and encroach upon the limits of others : 
principle that must guide him in determining how much and what 
inelude in his raphical description of the botany and 
a country, will always be indicated by the question, Does 
or object inquired after ially influence the capability of 
asa place fitted for the residence of man? Besides the 
i ,it is only necessary to mention such wild ones 
to the inhabitants, either by providing them with food 
or by supplying an article of commerce; and these ani- 
need be mentioned when they are found in great numbers, 
mineral wealth of a country, the notice of that will be 
limited those substances which are worked for the use of the 
inhabitants or for exportation. 

In this way we conceive the geographer ought to describe in detail 
each natural division of a country; and when he has described two 
a tracts ae ay or —— another, pap Tt Hy 

li which nature: separated them, e ob- 

for which ahe bat placed to their mutual intercourse, If he finds 
boundary-lines are formed by mountain ranges, he has to 
notice their mean elevation, and likewise that of the mountain-passes 
which the dividing range is crossed. He must also add what 
productions of the range contribute to the sustenance or 
of the inhabitants of the adjacent tracts. When the 
has numerous offsets and extensive valleys, and uently 
a considerable part of the country, he must treat it as a 
natural division, and describe it in detail like any other 
geographer has described ev natural division of a 
eee. Wey, and incorporated in his description the best 
information on all the above-mentioned 
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facilitate the internal and external intercourse of a country. 
iti may be added or omitted ; 
briefly, and in a very general 
way. Good maps supply any deficiency in geographical works in this 


le traces of its ancient grandeur, they 
cannot be altogether excluded. But the true solution of 
these and other difficulties of the kind that may be suggested as to the 

admissible into a geographical treatise, seems to be this: 
these subjects are specialtics, and if they belong to geography at all, do 
not to it as necessary component parts of it, but stand to it in 


such 4 as to admit of being introduced or omitted according to 
the taste and of the writer, who in this, as in all branches of 
knowledge w boundaries are incapable of precise determination, 
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will show his good sense and his clear comprehension of his subject as 
much by what he omits as by what he takes in. 

The political institutions of a country belong to its history, and not 
to its geography, and ought certainly to, be excluded from geographical 
treatises, though they form a necessary part of most statistical and of 
all historical works. In the Admiralty ‘Manual of Scientific Inquiry, 
third edition (London, 1859), will be found the views which are 

by the recent rapid progress of geographical science, on 
the principal points to which, in respect of geographical investigations, 
the attention of travellers should be mainly directed, embodied in an 
article by Mr. W. J. Hamilton, F.R.S., some time President of the 
Royal Geographical Society of London. ; 

The local subjects of Descriptive Geography constitute in their 
alphabetical arrangement the Grocrapuican Division of the EncuisH 
Cyctopzpi1a. The subjects of Physical Geography, considered as 
objects of science, such as Dxserts, Forests, Mountarnys, Rivers, 
&c. will be found in their proper alphabetical places in the present 
division ; and those belonging to the Geographical Distribution of 
organised beings have been given under their appropriate heads in 
the Naturat History Division. [Asrronomy; Cart; CLIMATE; 
Gropesy.] 

GEOMETER, a person who is skilled in geometry; but the term 
had its meaning settled at the time when geometry was by very much 
the most important branch of mathematics : and now it generally means 
mathematician. For instance, the French (who make considerable use 
of the term) call Laplace un géométre, though his writings are exclu- 
sively algebraical. The term must then be understood to signify 
simply mathematician. 

GEOMETRICAL. Of this term, as opposed to algebraical or arith- 
metical, nothing need be said; but the peculiar conventions of geometry 
oppose it most frequently to the term mechanical. Every construction 
which can be made by the ruler and compasses, that is, which demands 
no points except such as can be found by the intersections of straight 
lines and circles, is geometrical : every construction which requires any 
other curve, or which tacitly requires such a motion of a straight line 
or circle as would generate any other curve, is mechanical. The reason 
is that it pleased the Greeks to use these terms as distinctive of the 
things which can and cannot be done by the straight line and circle 
only; a real and important distinction with an unfortunate name. 
For though names, when clearly understood, are of little consequence, 
yet this convention of geometry has caused many to waste their time 
and misapply their talents. A man, for instance, not well versed in 
mathematics, hearing that a geometrical quadrature of the circle has 
long been sought, and never been found, sets his invention to work, 

ily discovers a (mechanical) method of proceeding, and imagines 


that everything is geometrical which employs lines, solids, &c. in 


space, 

The conic sections were not considered by the Greeks as geometrical 
instruments. Several writers speak as though the contrary had been 
the case; but it is certain that the solution by Menechmus of the 
problem of two mean proportionals, which employs the parabola, was 
not considered by Eutocius (who records it) as more geometrical than 
the others which he gives. 

GEOMETRICAL PROGRESSION, PROPORTION, &c. [Pro- 
GRESSION, Proportion, &c.] 

GEOMETRY (yewperpla, geométria, or land-measurement), the science 
which investigates the relations existing between parts of space, whether 
linear, superficial, or solid. But at the same time, the most common 
meaning of the word implies that the investigation is to take place 
under restrictions as to the instruments which may be employed. Of 
this we shall see more when we come to the geometry of the Greeks ; 
in the meanwhile, geometry may be generally defined as the science 
of space. The closeness of the connection between geometry, and 
£uclid its founder, has made the two names almost identical. Although 
therefore, a part of the present article has been given in the Broa. Drv. 
under the name of Evciip, it is repeated here with some additions. 
As geometry is in all probability the most ancient subject to which 
actual demonstration was applied, we may thus account for the per- 
manent association which has always existed between the idea of this 
science and that of rigorous deduction. To reason geometrically is a 
synonyme for to reason strictly: but abandoning this particular 
view of geometry, we shall devote the present article principally 
to such an imperfect sketch of the early progress of the science as 
its meagre history, combined with the narrowness of our limits, will 
allow. 

There is a stock history of the rise of geometry, supported by the 
names of Strabo, Diodorus, and Proclus, nee, that the Egyptians, 
haying their landmarks yearly destroyed by the rising of the Nile, 
were obliged to invent an art of land-surve in order to preserve 
the memory of the bounds of property; out of which art geometry 
arose. This story, combined with another attributing the science 
directly to the gods, forms the first light which we have on the subject, 
and both in one are worthily sung by the poet who figures at the head 
of an obsolete English course of mathematics ;— 


“To teach weak mortals property to scan, 
Down came geometry and formed a plan,” 


There is no proof whatever that the Egyptians were more of geometers 
BB 
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than of astronomers [Astroxomy], and toed spray ne that the rise 
of the Nile obliged the builders of the p: ids to make new land- 
marks once a year, requires at least contem: evidence to make it 
history. At the same time, the question of the actual origin of geo- 
metry is a very difficult one, and any conclusion can only be of very 
moderate probability. 

Among the Chinese, the Jesuit missionaries found very little know- 


ledge of the properties of ; a few rules for mensuration, and the 
famous property of the right-angled triangle being all that they could 
ascertain, Of all the books which Gaubil could find professing to be 


written before B.c. 206, there is only one which contains anything 
immediately connected with geometry. From this writing (called 
Tcheou-pey) it is not very certain whether the Chinese the 
property of the right-angled triangle generally, or only one particular 
case ; tiamely, when the sides are 3, 4,and 5: and nothing appears 
which directly or indirectly resembles demonstration. The Hindoos 
— a much larger body of knowledge, but of uncertain date. 

e works of Brahmegupta and Bhascara, of the 7th and 12th centuries 
after the Christian era (according to Colebrooke), contain a system o 


arithmetical mensuration which is certainly older than the ere to 


mentioned, and in which the property of the right-angled triangle is 
made to produce a considerable number of results; for instance, the 
method of finding the area of a triangle of which the three sides are 

given. By a figure drawn on the margin of some manuscripts, it 
' appears that a demonstration of the property in question had been 
obtained. {Hyroruexvuse.] The cireumference of the circle is given 
as bearing to the diameter the proportion of 3927 to 1250 by the latter 
writer; being exactly that of. 3.1416 to 1. Brahmegupta takes the 
proportion of the square root of 10 to 1, or 3°16 to 1. The superior 
correctness of the later writer could not have arisen from any inter- 
mediate communication with Europe, since the true ratio was not 
known so near as 3'1416 till after the 12th century; and the Persians 
(as appears by the work of Mohammed ben Musa) had adopted this 
ratio from the Hindoos, before the discovery of afi equally exact ratio 
in Europe. This subject is noticed more in detail in the article Viea 
Ganita in the Broo, Drv.; here we merely observe that though no 
date can be fixed to the commencement of geometry in India, yet the 
certainty which we now have that algebra and the decimal arithmetic 
eame from that quarter, the recorded visits of the earlier Greek 
philosophers to Hindostan (though we allow weight rather to the ten- 
ng | to suppose that philosophers visited India, than to, the strength 
of the evidence that they actually did so), together with the very 
striking proofs of originality which abound in the writings of that 
country, make it essential to consider the claim of the Hindoos, or of 
their predecessors, to the invention of geometry. That is, waiving,the 
question whether they were Hindoos who invented decimal arithmetic 
and algebra, we advance that the people which first taught those 
branches of science is very likely to have been the first which taught 
geometry ; and again, seeing that we certainly obtained the former two 
either from or at least through India, we think it highly probable that 
the earliest European geometry also came either from or through the 
fame country. 

Of the Babylonian and of the Egyptian geometry we have fio 
Tremains whatever, though each nation has been often said to have 
invented the science. In reference to the authorities mentioned above 
in favour of the Egyptians, to whom we may add Diogenes Laertius, 
&e., we gs eed that no one of the writers who tells the story in 
question is known as a geometer except Proclus, the latest of them all; 
and as if to give the assertion the character of .an hypothesis, this last 
writer also adds that the Phenicians, on account of the wants of their 
commerce, became the inventors of arithmetic. In the Jewish writings 
there is no trace of any knowledge of geometry. So that allowing the 
Greeks to have received the merest rudiments either from Egypt or 
India, or any other country, it is impossible to name any quarter from 
which we can with a shadow of probability imagine them to have 
received a deductive system, to ever 80 ‘mall an extent. That their 

metry, or any of it, came direct from India, is a supposition of some 

culty: those who brought it could hardly have failed to bring 
‘with it the decimal notation of arithmetic. That agoras 
travelled into India, is (according to Stanley) only the assertion of 
Apuleius and Clemens Alexandrinus, though rendered {probable by 
pay of his tenets: the better authorities carry him no farther 
Thales (600 .0.) and Pythagoras (540 8,0.) founded the earliest 
schools of pony The latter is said to have sacrificed a hecatomb 
when he discovered the property of the hypothenuse before alluded to, 
and this silly story is repeated whenever the early history of geometry 
is given. A large collection of miscellanies might easily be made from 
the works of writers who were not themselves acquainted with 
geometry; but, rejecting such authorities, we shall content ourselves 
with citing Pappus and Proclus, both geometers, who, living in the 
fourth and fifth centuries after Christ, had abundant opportunities of 
hearing the stories to which we allude, and of receiving or rejecting 


According to Proclus (book ii. ch. 4, Comm, in Enel.) Lge 
was the first who gaye geometry the form of a science, after whom 
came Anaxagoras, Enopides, Hippocrates of Chios (who invented the 
well known quadrature of the lunules), and Theodorus of Cyrene 
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le to the 
elements, and gave a method of deciding w the possibility 


Gn 
and Dinostratus made geometry more perfect. 
wrote excellent elements, and generalised various theorems. Cyzicinus 
of Athens cultivated other parts of mathematics, but particularly 
geometry. Hermotimus enlarged the results of Eudoxus and Themtetus, 
and wrote on loci, Next is mentioned Philippus, and after him Euclid, 
‘who was not re than those mentioned, and who put 
together elements, arranged many things of Eudoxus, and 
unanswerable demonstrations of many ge which had 
Lae age 89" before him.’ acral es sera first 

e was asked for an o geometry, to w 
made the celebrated pn Bn that there was no royal road. 
younger than the time of Plato, and older than 
Archimedes. He was of the Platonic sect, , : 

Such is, very nearly entire, the account which Proclus gives of thé 
rise of geometry in Greece, 

Before the time of Euclid demonstration had been introduced, about 
the time, perhaps by the instrumentality, of : 
m 
not at all known; the geometrical analysis, ] 
sections, as also the consideration of the problems of the duplication of 
the cube, the finding of two mean proportionals, and the trisection of 
the angle, had been cultivated by the school of 
of a certain circular had been attained, and the general ‘ 

and attempted by Hippocrates and others; a curve 
curvature had been imagined and used by Archytas; writings existed 
both on the elements, and on conic sections, loci, and detached 
subjects. The little that is known of the biography of Evotip or 
ALEXANDRIA, will be found in the Bios. Dry. S 

Besides the Elements, Euclid wrote, or is supposed to have written, 
the following works auek aes ; 

1. Xbyypaypa Ve ‘wv, a trea on Fallacies, to 
geometrical reasoning. This book, mentioned by Prealas, aout not 


now exist, and there is no Greek work of which we so much regret 


the loss. Had it survived, mathematical students would not have 
been thrown directly upon the Elements, without any previous 
exercise in reasoning. Ler merci ne Me 

2. Four books of Conic Sections, rwards amplified and appro 
priated by Apollonius, who added four others. So says Pappus. 

Euclid did not write any books on conic sections—that he wrote these 
of Apollonius is wholly incredible—appears to us more than probable 
from the silence of Proclus the Platonist, who, eulogi Euclid the 
Platonist, and stating that he wrote on the regular soli 
geometry cultivated by the Platonists), being led thereto by 
never mentions his writing on the still more Platonic subject 
the conic sections. But that Aristeous had written on the subject 
is known, and that Euclid taught it cannot be doubted, any more 
than that Apollonius, like other writers, prefixed to his own dis- 
coveries all that he judged fit out of what was previously known on the 
subject. 

8. Tlep) Aaipécewy, on Divisions. This work is mentioned by Procl 
in two words. John Dee the book of Mohammed of 
(which is annexed to the English edition of Euclid hereinafter cited) 
on the divisions of surfaces to be that of Euclid now under considera- 
tion; but there seems to be no ground for this notion. The Latin of 
this work (from the coreey given at the end of Gregory's 7 
together with a oy ser ‘De Levi et Ponderoso,’ attributed, 
any foundation, to Euclid. 

4, Tlep) xoploparay, on Porisms, in three books. This is mentioned 
both by Pappus and Proclus, the former of whom gives the enunciations 
of various propositions in it, but the text is so corrupt that t 
jaw | Pen ie On this singular question, see the 

‘ORISM. 

5. Térwy mpds émpdveay, Locorum ad Superficiem: which we can- 
not translate. It is mentioned by Pappus, but has not come down 
to us. 

The preceding works are either lost or doubtful; those which follow 
all exist, and are contained in Gregory's edition, in the order inverse 
to that in which they are here mentioned. 

6. "Orrixd xa) katorrpixd, on Optics and Catoptries, These books 
are attributed to Euclid by Proclus, and by Marinus in the preface to 
the Data; or rather books on these subjects. Savile, Gregory, and 
others doubt that the books which have come down to us are those of 
Euclid, and Gregory gives his reasons in the preface, which are—that 
Pappus, though he demonstrates propositions in optics and also in 
astronomy, and mentions the Phenomena of Euclid with reference to 
the latter, does not mention the Optics with reference to the former— 
and that there are many errors in the works in question, such as it is 
not likely Euclid would have ig on the supposition 
that rays of light are carried from the eye to the object, the first of these 
books demonstrates some relations of apparent magnitude, and shows 
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had been restricted to the right line and circle, but by whom is — 
, and the study of the conic — 
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how to measure an unknown height by the well-known law of reflected 
In the second an imperfect theory of conyex and concave 
, is : 
7. @awéueva, on Astronomical Appearances, mentioned by Pappus, 
(cited by Gregory). It contains a geometrical doctrine 
, and though probably much corrupted by time, is un- 
’s. 


Karatouh xavdvos and eicaywyh &puovuch, the Division of the Scale 
Introduction to Harmony. Proclus mentions that Euclid wrote 
on harmony, but the first of these treatises is a distinct geometrical 

the principles laid down in the second, which renders it 
unlikely that Euclid id have written both. The second treatise 
is Aristoxenian, while the first proceeds on principles of which 


eee 2 ee subjent, 184s very yeobeh that Euclid did 
not write 

9. AcSouéva, a book of Data. This is the most valuable specimen 
which we have left of the rudiments of the geometrical analysis of the 
Before a result can be found, it should be known whether the 
are sufficient to determine it. The application of 
points; that is, ascertains whether one or more 
be ined, and determines them. But in 

to propose a question which is really indeter- 
a determinate form, while at the same time the methods 
of geometry which give ‘one answer may not give the means of ascer- 


i whether the answer thus obtained is only one, Thus the 
questions seem equally to require one specific answer, 
versed in geometry :— 

area of a parallelogram, and the ratio of its sides; 

lengths of those sides: and 
of a parallelogram, the ratio of its sides and one of 

ired, the lengths of the sides. 

i its of an infinite number of answers, and the 
or in the language of Euclid, if the area, ratio of 
f a parallelogram be given, the sides themselves 
2 et acon, Setar cabal phe tal etary Pon 
id them ; so the Data of Euclid may be looked 
f geometrical problems, in which the attention of 
is directed more to tg ipso of the sufficiency of the 


etning the Fol one only, than to the method of 

A to this book was written by one Marinus, the disciple and 

Serstaton et at tedious length the distinction of 
(of 


not 
10. Sroixeia, the Geometry). For a long time writers 
MUMFANAIAISON ts waasineey to vinta woste comnts they retorted to, 
book of the elements always signified that book of 
and it was customary in England to call each book an 
element; thus in Billingsley's old translation the sixth book is called 
the sixth element, : 

The reason why the Elements have maintained their ground is not 
: re pes precision ba the ra cog of what they demand 
_ [Axton] ; Bar, eps ey sr a result is appealed to as 
ieridcns which is not to found in the expres axioms. 
Neither does their fame arise from their never assuming what might 
be ; for in the very definitions we find it asserted that the 
diameter of a circle bisects the figure, which might be readily proved 
the axioms. Neither is it the complete freedom from redundancy, 
the perfection of the arrangement; for book i. prop. 6, which is very 
of place, considering that it is never wanted in the first book, 
of fact, proved (though not expressed) in prop, 19. 
is it the manner in which our ideas of magnitude are rendered 
as definite : for instance, book iii. prop. 20, is incomplete 
definition and use of the term angle ; nor with that term 
him can the 21st proposition of that book be fully demon- 
peat overated Pega a9 apie ~ser Saad Jements 
a which, if we may so , are clearly seen by the 

light of their excellencies: the high standard aah / 
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perfect 

reasoning, the judicious choice of the demonstrations, 

considered with reference to the wants of the beginner, are the causes 

the universal celebrity which this book has enjoyed. We shall, in 
the article Marnemarics, give our reasons for advocating the conti- 
nuance of Euclid as a book of instruction, and shall now describe the 

- contents of the Elements. 

. There are thirteen books certainl written by Euclid, and two 
more (the fourteenth and fifteenth) w! are su to have been 
added Papeicies of Alexandria, of whom we not doubt that 
he lived in sixth century, though he is commonly placed in the 

E Book i. lays down the definitions and postulates required in 
j ) the 

establishment of plane , & few denice Babi also 
to ii., iii, iv., and vi. It then treats of such propantian OF bonalgies lines 


—_———s 


and triangles as do not require any particular consideration of the 
properties of the circle nor of proportion. It contains the celebrated 
ition of Pythagoras. 

m this book it appears that Euclid lays down, as all the instru- 
mental aid permitted in geometry, the description of a right line of 
indefinite length, the indefinite continuation of such a right line, and 
the description of a circle with a given centre, the circumference of 
which is to pass through a given point. It is usual to say, then, that 
the ruler and compasses are the instruments of Euclid’s geometry, 
which is not altogether correct, unless it be remembered that with 
neither ruler nor compasses is a straight line allowed to be transferred, 
of a given length, from one part of space to another. It is a plain 
ruler, whose ends are not allowed to be touched, and compasses. which 
close the moment they are taken off the paper, of which the Greek 
geometry permits the use. It is altogether uncertain by whom these 
restrictive postulates were introduced, but it must have been before the 
time of Plato, who was contemporary with (if he did not come after) 
the introduction of those problems whose difficulty depends upon the 
restrictions. We may here observe that in actual construction the 
ruler might have been dispensed with. It was reserved for an Italian 
abbé, at the end of the 18th century, when all who studied geometry 
had, for two thousand years, admired the smallness of the bases on 
which its conclusions are built, to inquire whether, small as they were, 
less would not have been sufficient. In Mascheroni’s ‘ Geometria del 
Compassa,’ published at Pavia in 1797, it is shown that all the 
fundamental constructions of geometry can be made without the 
necessity of determining any point by the intersections of straight 
lines ; is, by using only those of circles, This singular and very 
original work was translated into French, and published at Paris in 
1798 and 1828. It may be added that Benedetti, in the 16th century, 
and others after him, had shown that, granting the straight line, only 
one circle is absolutely necessary: that is, only one opening of the 
compasses. 

On subjects particularly connected with the first book, see AxIom, 
PosTuLaTEe, PARALLELS, HyPOTHENUSE. 

Book ii. treats of the squares and rectangles described upon the parts 
into which a line is divided. It opens the way for the application of 
geometry to arithmetic, and ends by showing how to make a square 
equal to any rectilinear figure. It also points out what modification 
the proposition of Pythagoras undergoes in the case of a triangle not 
right-angled. [Reorancue.] 

Book iii. treats of the circle, establishing such properties as can be 
deduced by means of the preceding books. 

Book iv. treats of such regular figures as can readily be described by 
means of the circle only, including the pentagon, hexagon, and quinde- 

mn. It is ofno use in what immediately follows. 

k v. treats of proportion generally, that is, with to 
magnitude in general. Whether this most admirable theory, which 
though abstruse is indispensable, was the work of Euclid himself, or a 
predecessor, cannot now be known. The introduction of any definitely 
numerical definition of proportion is rendered inaccurate by the 
necessity of . grees Ba quantities between which no exact numerical 
ratio exists; for which see IncommEeNsuRABLES. ‘The method of 
Euclid avoids the error altogether, by laying down a definition which 
applies equally to commensurables and in¢ommensurables, so that it is 
not even necessary to mention this distinction. In the article Proror- 
TION we shall endeavour to show that this method is more simple than 
is generally supposed, and also that all substitutes for it have failed in 

igorous deduction. 

Book vi. applies the theory of proportion to geometry, and treats of 
similar figures, that is, of figures which differ only in size, and not 
in form. 

Book vii. lays down arithmetical definitions ; shows how to find the 
greatest common measure and least common multiple of any two 
numbers; proves that numbers which are the least in any ratio are 
prime to one another, &c. 

Book viii. treats of continued and mean proportionals, showing when 
id is possible to insert two integer mean proportionals between two 

itegers, 

Book ix. treats of square and cube numbers, as also of plane and 
solid numbers (meaning numbers of two and three factors). It also 
continues the consideration of continued proportionals, and of prime _ 
numbers, shows that there is an infinite number of prime numbers, 
and demonstrates the method of finding what are called perfect 
numbers, 

Book x. contains 117 propositions, and is entirely filled with the 
investigation and classification of certain incommensurable quantities, 
It shows how far geometry can proceed in this branch of the subject 
without algebra; and though of all the other books it may be said that 
they remain at this time as much adapted for instruction as when they 
were written, yet of this particular book it must be asserted that it 
should never be read except by a student versed in algebra, and then 
not as a part of mathematics, but of the history of mathematics. In 
the ortislp IRRATIONAL QUANTITIES we shall translate the phrases of 
Euclid into algebraical language, by means of which we haye no doubt 
that many students will be enabled to read the book of Euclid with 
profit. The book finishes with a demonstration that the side and 
diagonal of a square are incommensurable, From this book it is most 
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evident that the arithmetical character of geometrical itude 
had been very extensively considered; and it seems to us ciently 


clear that an arithmetic of a character approximating closely to 
algebra must have been the guide, as well as that some definite 
object was sought—perhaps the attainment of the quadrature of the 
circle, 

Book xi. lays down the definitions of solid geometry, or of geometry 
which iders lines in different planes and solid figures. It then 
proceeds to treat of the intersections of planes, and of the properties 
o) parallelopipeds, or what might be called solid reetangles or right 

ids, 


Book xii. treats of prisms, cylinders, pyramids, and cones, establishing 
the properties which are analogous to those of triangles, &c.,in the 
first and sixth books. It also shows that circles are to one another as 
the squares on their diameters, and spheres as the cubes on their 
diameters, in which, for the first time in Euclid, the celebrated method 
of Exnavstions is employed, which, with the theory of proportion, 
forms the most remarkable part of this most remarkable work. In the 
article just cited we have referred to the present one for some account) 
of this method, which we now give. 

The only method of reasoning upon the length, area, or solidity, of 
curve lines or surfaces, is by cyan 4 the properties of inscribed 
polygons or polyhedrons, which may, by sufficiently increasing the 
number of their sides or faces, be made to approach as near as we 
please to continuous curvilinearity. But since the rigour of geometry 
is not content with proving that a proposition may be considered as 
nearly true as we please, and will not infer that one line is equal 
to another because it can be shown that their difference is (no 
matter how) small; Euclid (or some of his , but most 
probably Euclid, if we may judge the character of his dis- 
coveries given by Proclus) invented this method of exhaustions, 
which may be considered as contained in the following two pro- 
positions. : 

I. If from A more than its half be taken, and from the remainder 
more than its half, and so on, the remainder will at last become less 
than Bb, where B is any magnitude named at the outset (and of the 
same kind as a), however small. This proposition may be easily 

ved, and is equally true if the fixed proportion abstracted each time 
half or less than half. 

Il. Let there, be two magnitudes, pr and Q, both of the same kind; 
and let a succession of other magnitudes, called x,, x,, X,... be 
each nearer and nearer to P, 80 tot aay don, Xu, alae from P 
less than half as much as its predecessor differed. Let Y,, ¥., Y;..- be 
a succession of quantities similarly related to Q; and let the ratios of 
X, to y,, of x, to ¥,, and so on, be all the same with each other, and 
the same with that of a tos, Then it must be that P is to Q as a to B, 
(It is obvious, from the conditions, that if x, be than P, Y, is 

than Q, &c.,&c.) Suppose x,, x,, &c., less than P, and therefore 
¥,, ¥,, &c., less than Q. Then, if a be not to Bas P to Q, A is to Bas 
vy to some other quantity s greater or less than q: say less than Q. 
Then (by hypothesis and I.), we can find some one of the series y,, 
¥,...(say Y,) which is nearer to Q than s is to Q; and which is 
therefore greater than s. Then, since x, is to Y, as A to B, or as P to 
8, we have x, is to Y, as P to 8, or X, to Pas Y, to 8: from which, 
since X, is less than P, ¥, is less than s. But y, is also greater than s, 
which is absurd ; therefore a is not to B as Pp to less than q. Neither 
is a to B as P to more than Q (which call s), for in that case s is to P as 
B toa: let s be to P as Q to 7, thens is to Qas Pp to T; from which, 
8 being greater than Q, P is greater than. But 8 is to a ass to P, 
that is, as Q to less than Pp, which is proved to be impossible by the 
reasoning of the last case. Consequently, a is not to B as P to 
more than Q, or to less than Q; that is, a is to B as P tog. Which 
was to be shown. Let Pp and Q be two circles, 4 and B the squares on 
their diameters, x, and y, inscribed squares, x, and y, inscribed 
regular octagons, X, and y, inscribed regular figures of sixteen sides, 
&c.: the preceding process gives the proof that circles are to one 
another as the squares on their diameters. 

Book xiii., the last of those written by Euclid; applies some results 
of the tenth book to the sides of figures, and shows how to 
describe the five regular bodies, [Sorips, Recuar.] 

Books xiv. and xv., attributed to Hypsicles of Alexandria, treat 
entirely of the relative proportions of the five regular solids, and of 
their inscription in one another. 

The writings of Euclid continued to be the geometrical standard as 
long as the Greek language was cultivated. The Romans never made 
any progress in mathematical learning. Boethius [Borrutvs, in Broo. 
Div.) translated, it is said, the first book of Euclid (Cassiodorus, cited 
by Heilbronner); but all which has come down to us on the subject 
from this writer (who lived at the beginning of the 6th century) is 
contained in two books, the first of which has the enunciations and 
figures of the principal propositions of the first four books of the 

ments, and the second of which is arithmetical. Some of the 
manuscripts of this writer contain an appendix which professes to give 
an account of a letter of Julius Cwsar, in which he expresses his 
intention of cultivating geometry throughout the Roman dominions. 
But no such result ever arrived so long as the Western Empire lasted ; 
and this short account of Roman erga e’ f is a larger proportion of the 
present article than the importance of the subject warrants, These 


was from the Arabs. 

the last-mentioned race made no actual 
though many of the works of the writers were and 
Eu among the rest. There are several Arabic versions, the most 


of which is that of Othman of Damascus, who 
usual imperfect translations by means of a Greek 
saw at Rome. D'Herbelot (at the words Aklides 
that the Orientals believe Euclid to have been a native of Tyre, and 
eae Aang eg ether sein frags: ec 
The same author gives the name of the Arabic versions, one of 
that of N , the most celebrated of all, was 
Medicean press 
pAseennOns) er ae Ce 
translation o} Honein ben Ishak, who died a.n, 87 


ented the 


script in the Bodleian Library, purporting to be the translation of the — 


tolerably well fixed, is that of Athelard, or Adelard,'a monk of Bath, who : 


lived under Henry 


to be another translator of Euclid, lived after this ; but we are 
inclined to believe that this translation (so called) of Campanus (printed 
A.D. 1482), is in fact that of A , with a Cam- 


panus. For Campanus is not expressly described in the 
translator ase. article cited), bub as 0 oosnmmensetary aa. Seana 
that there is in the Bodleian Lil a manuscript entitled ‘ 
&c.. ex versione Adelardi de Arabico, una cum commento 
Novariensis.’ Scheibel (cited by Camerer and Hauber, 


stated (in the preface just cited) that it differs from 
eddin. With the precedent just cited, we may be allowed to 
that in a copy of Campanus which we have examined, some ancient 
handwriting, completely obliterated, is attached 0 Re 
Chemical means have succeeded in recovering a few words 
only, ae are “ben Honein” “Tebit ben Corra,” ex- 
ey oe ps the opinion of the writer that the version chosen by 

or Campanus was that of the two Eastern editors who have 


beeri previously mentioned. tp 

There isa considerable number of Greek manuscripts of the 
for which see Fabricius, Heilbronner, and the of Pi There 
is no account of the manuscripts which they consulted by the earlier 


Latin translators (from the Greek), nor by ry. It rok potters 
ever that several, if not many, of the manuscripts are entitled Ed«Acdov 


oroixewy Bibra ve ek Twy Oewvos cuvovciwy, from which it was inferred — 


that the compilation of the elements was the work of Theon, from the 
materials left by Euclid. It is certain that Theon, in his commentary 
on the . of his edition (éxdoc1s) of Euclid, and mentions 


relates to the sectors was 


with which Euclid usually ends his epee And Alexander, the 
commentator on Aristotle, who lived 
ition of the tenth book which is the in all the manuscripts. 


and may 
the wo 


Theon 
These remarks relative to the claims of Theon 
were first made by Sir Henry Savile, who the chair of 


which he founded at Oxford by thirteen lectures on the 
of the first book of Eucid, which were delivered in 1620, and 
published in 1621. 
We now give a short 


summary of the early editions of Euclid, which 

have appeared in Greek or Latin. i ify the 

common editions of Simson, ls joe &e., &., which co: 

selves pepe net atk, beck, the eleventh and twelfth, and are 
own, 

I, Editions of the whole of Euclid’s works. An imperfect Latin 
edition, by Bartholomew Zamberti, Venice, 1505. But the principal 
edition of all the works of Euclid is that published by the Oxford 
pee in 1708, under the care of David Gregory, then Savilian pro- 


II. Greek editions of the Elements only, (1.) An edition curd 
Simonis Grynwi, Basel, 1533, with the commen’ of Proclus. (2.) 
The Paris edition by Peyrard, 1814-18, in three volumes quarto, con- 
taining the Elements and Data, Greek and French, It is the first 
edition which has readings from various manuscri (3.) The Berlin 
edition, by August, 1826, 8vo., containing the. books of the 
Elemente, in Greek, with a selection of readings from Peyrard and 
from other man pts. 

ILI. Latin editions of the Elements only. (1.) That of us, 
the first Euclid printed, Ratdolt, Venice, 1482. (2.) A reprint of the 
preceding, marked ‘ Vincentia, ainio salutis, 1491,’ (3,) An edition 


at Rome in 1594. ‘The astronomer Thabet ben Korrah 


~~ 
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containing the text and comment of Campanus, from the Arabic; also 
the text and comment of Zamberti, from the Greek; Paris, Henry 
Stephens, 1505; and again in 1516, This edition is very commodious 
for a comparison of the Greek and Arabic. (4.) Edition 
of Lucas Pacioli, Venice, 1509. (5.) Edition of Henry Stephens, 
Paris, 1516. These five editions are in folio; the second and fourth 
are very scarce, The first edition of Clavius is that of Rome, 
1574; of Commandine, Pesaro, 1572. [Cuavius; CoMMANDINE, in 
Bros. Drv. 

Iv. iest editions of the Elements in modern tongues. English :— 
* The Elements of Geometry of the most ancient philosopher Euclid of 
Megara, &c.,’ by H. Billingsley, with a preface by John Dee, London, 


1570, and again in 1661. French :—‘ Les quinze livres des Eléments, | d 


&c., &c.,’ Par D. Henrion, Mathematicum, first edition, Paris, 1565? 
second, 1623, with various others. According to Fabricius, there was 
an edition by Peter Forcadel, in 1565. German :—‘ Die sechs ersten 
bucher, &c.,’ by William Holtzmann, Augsburg, 1562. Scheubelius 
had i given the 7th, 8th, and 9th books, in 1555. Italian :— 
* Euclide Megarense Philosopho, &c.,’ per Nicolo Tartalea, Venice, 1543. 
Dutch :—‘ De ses erste boecken Euclidis, &c.,’ dor Jan Pieterszoon 
Dou, Amsterdam, 1608 (or 1606). Swedish :—‘ De sex forsta, &c., by 
Marten Stromer, Upsal, 1753. Spanish :—By Joseph , Valentia, 
1673. Murhard (compared with Fabricius) is the authority for all 
of these, the first. ‘ 

It has long ceased to be usual to read more of Euclid than the first 
six books and the eleventh. Those who wish to see more of the 
Elements will probably most easily obtain those of Williamson (Lon- 
don, 1788, two volumes 4to.), the translation of which is very literal. 
Those who prefer the Latin may find all the twelve books in the edition 
of H (from Commandine and Gregory), Oxford, 1802. The 
number of editors of Euclid is extremely great, but our limits will not 
allow of further recapitulation. 

eae amree a gennaiay, se doenecned wits the names of Archi- 


medes, Apollonius, , &e., and it continued to flourish at Alex- 
andria ti ome of that town by the Saracens, a.p. 640. But its 
latter day prod only commentators upon the writers of the 


former, or, at most, original writers of no great note. In the articles 


Locus, Porism, Durtication, ProrortionaL, will be found some of 
the details of the Greek geometrical analysis. Spherical trigonometry, 
or rather that portion of their geometry which supplied its place in 
astronomy, is connected with names of Hipparchus, Menelaus, 
Theodosius, Ptolemy. The following list contains the names of the 
most celebrated geometers who lived before the decline of the Greek 
language : the dates represent nearly the middle of their lives, but are 
in many instances uncertain :— 
Thales, B.c. 600; Ameristus? Pythagoras, 550; Anaxagoras; Gino- 
; Hippocrates, 450; Theodorus; Archytas? preceptor of Plato; 
; ; Aristeus, 350; Perseus? Plato, 310; Me- 
nechmus, Dinostratus, Eudoxus, contemporaries of Plato: Neoclides; 
Leon; Amyclas; Theudius; Cyzicinus; Hermotimus; Philippus: 
Euclid, 285; Archimedes, 240; Apollonius, 240; Eratosthenes, 240 ; 
Nicomedes, 150; Hipparchus, 150; Hypsicles, 130? Geminus, 100; 
Theodosius, 100; Menelaus, a.p. 80; Ptolemy, 125; Pappus, 390; 


. Serenus, 390; Diocles? Proclus, 440; Marinus? Isidorus? Eutocius, 


540. 

The age of Diophantus is not sufficiently well known even for so 
rough a summary as the preceding; he is usually given to the 2nd 
century, we place him at the end of the 6th century. 

_ The wing is the summary of books of geometrical analysis (qui 
resolutum locum pertinent), given by Pappus as extant in his time ; 


taken for rigour itself, and vice versdé. The algebraical symbols and 
methods were by many reputed inaccurate, while the same processes, 
conducted on the same principles, in a geometrical form, were pre- 
ferred and even advanced as more correct. Newton, an admirer of the 
Greek geometry, clothed his Principia in a dress which was meant to 
make it look (so far as mathematical methods were concerned) like the 
child of Archimedes, and not of Vieta or Descartes; but the end was 
not attained in reality, for though the reasoning is really unexception- 
able, yet the method of exhaustions must be applied to most of the 
a of the first section, before the Greek geometer would own 
em. 

The methods of algebra, so far as expressions of the first and second 
legrees are concerned, apply with great facility to many large classes 
of questions connected with straight lines, circles, and other sections 
of the cone. Practical facility was gained by them, frequently at the 
expense of reasoning: the time came when a new Descartes showed 
how to return to geometrical construction with means superior to those 
of algebra, in many matters co ted with pract This was Monge, 
the inventor of descriptive geometry. The science of perspective and 
many other applications of geometry to the arts had previously required 
isolated methods of obtaining lines, angles, or areas, described under 
laws not readily admitting of the application of algebra, and its con- 
sequence, the construction of tables. The descriptive geometry is a 
systematised form of the method by which a ground-plan and an eleva- 
tion are made to give the form and dimensions of a building. The 
projections of a point upon two planes at right angles to one another 
being given, the position of the point itself is given. From this it is 
possible, knowing the projections of any solid figure upon two such 
planes, to lay down on either of those planes a figure similar and equal 
to any plane section of the solid. In the case .where the section 
is a curve it is constructed by laying down a large number of con- 
secutive contiguous points. The methods by which such an object 
is to be attained were generalised and simplified by Monge, whose 
‘ Géométrie Descriptive’ (the second edition of which was published 
in 1820) is one of the most elegant and lucid elementary works in 
existence. 

The methods of descriptive geometry recalled the attention of 
geometers to the properties of projections in general, of which such 
only had been particularly noticed as could be applied in the arts of 
design or in the investigation of primary properties of the conic 
sections. From the time of Monge to the present this subject has 
been cultivated with a vigour which has produced most remarkable 
results, and promises more. Pure geometry has made no advance since 
the time of the Greeks which gives greater help to its means of inven- 
tion than that which the labours of what we must call the school of 
Monge have effected. One of the most distinguished pupils of this 
great master, M. Chasles, published an ‘ Apercu historique des mé- 
thodes en Géométrie,’ forming the eleventh volume of the ‘ Mémoires 
Couronnés’ of the Academy of Brussels, a work of great importance 
in the historical point of view. 

On the history of geometry, as distinguished from other parts of 
mathematics, there is very little to cite. The references in the article 
MarurMatics may be consulted. 

GEOMETRY OF THE GREEKS. ([Gromerry.] 

GEOPO’NIKA (or, a ‘ Treatise on Agriculture’), is the title of a 
compilation, in Greek, of precepts on rural economy, extracted from 
ancient writers. The compiler, in his proemium, shows that he was 
living at Constantinople, and dedicated his work to the Emperor 
Constantine, “a successor of Constantine, the first Christian emperor,” 
stating that he wrote it in compliance with his desire, and praising him 
for his zeal for science and philosophy, and for his philanthropy. This 


ad 
of Euclid, the i books of porisms, and two books locorwm 
ad superficiem ; of Apollonius, two books de proportionis sectione, two 
de spatii sectione, two de tactionibus, two de inclinationibus, two plano- 
rum locorwm, and on conic sections; of Aristzus, five books 
locorum solidorum ; of Erastosthenes, two books on finding mean pro- 
But besides these he describes a- book (of Apollonius) 
which treats de determinatd sectione. 
pone manifold pany of the Elements of Euclid secured their 
reception, it was not before geometers began to 
extend their results. It became rato A to arta the restitution 
Se erro given of it by Pappus or others; and 
bert Simson, a long list of names might be collected 
of those who have endeavoured to repair the losses of time. On the 
advance of in , the reader may consult the lives of 
y itiscus, Snell, Napier, Guldinus, Cavalieri, 
Roberval, Fermat, Pascal, Descartes, Kepler, &c., &c., in the Broa. Drv. 
and also the article QUADRATURE oF THE CIRCLE. 

Whe application of algebra to , of which some instances had 
been given by Bombelli, and — more by Vieta, grew into a science 
in the hands of Descartes (1596-1650), It drew the attention of 
mathematicians completely away from the methods of the ancient 
geometry, and considering the latter as a method of discovery, the 
change was very much for the better. But the close and grasping 
character of the ancient reasoning did not accompany that of the new 
method ; was rather a half-understood art than a science, and 
all who valued strictness of demonstration adhered as close as possible 
to the ancient geometry. This was particularly the case in our own 
country, and unfortunately the usual attendants of rigour were mis- 


peror is supposed by some to have been Constantine Porphyrogenitus, 
and the compilation is generally ascribed to Cassianus Bassus, a native of 
Bithynia, who howeyer is stated by others to have lived some centuries 
before the time of Porphyrogenitus. The question of the author- 
ship of the ‘Geoponika’ has excited much discussion. Needham, in 
his Greek and Latin edition of the ‘ Geoponika,’ Cambridge, 1704, has 
treated the subject at great length. The work is divided into twenty 
books, which are subdivided into short chapters, explaining the, various 
processes of cultivation adapted to various soils and crops, and the 
rural labours suited to the different seasons of the year ; with directions 
for the sowing of the various kinds of corn and pulse ; for the training 
of the vine, and the art of wine-making, upon which the author is very 
diffuse. He also treats of olive plantations and oil-making, of orchards 
and fruit-trees, of evergreens, of es arden, of the insects and 
reptiles that are injurious to plants, of the economy of the poultry- 
yard, of the horse, the ass, and the camel; of horned cattle, sheep, 
goats, pigs, &e., and the care they require; of the method of salting 
meat; and, lastly, of the various kinds of fishes, Every chapter is 
inscribed with the name of the author from whom it is taken, and the 
compiler gives at the beginning of the first"book a list of his principal 
authorities, who are Africanus, Anatolius, Apuleius, Berytius, Damo- 
geron, Democritus, Didymus, Dionysius Uticensis (the translator of 
Mago, the Carthaginian writer on agriculture), Diophanes, Florentinus, 
Leontius, Pamphilus, Paxamus, the Quintilii, Sotion, Varro, Vinda- 
nonius, and Zoroaster. Other authors besides these are quoted in the 
course of the work. Two or three chapters are inscribed with the 
name of Cassianus, who speaks of himself in them as a native of 
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Maratonymus in Bithynia, where he had an estate. (‘ Geoponika,’ book 
v., ch. 6 and 36.) work is curious, as giving a course of ancient 

iculture collected from the best authorities then existing. The best 
Sdition of the ‘ Geoponika’ is that of N. Niclas, in G and Latin, 
with notes and indexes, 4 vols. 8vo, Leipzig, 1781. 

GEORGIUM SIDUS. [Unanus. 

GERMAN SILVER. As its name implies, this alloy was originally 

uced in Germany, and was obtained by smelting anre found at 

‘ilburghausen, near Sub], in Henneberg. An alloy, however, very 
similar in appearance and properties has long been known to the 
Chinese under the name of pakfong, or white metal. 

German silver is composed of the metals nickel, copper, and zinc, 
though in somewhat variable proportions, The following are examples 
of the amounts of the several metals contained in four specimens, 
each of different quality :— 


IL. I. Il. Iv. 

Copper . . 59°32 60 55°0 45°7 
Nickel - 148 20 20°6 84°3 
Zinc. . + 26°0 20 © 244 20°0 
100°0 100 100°0 100-0 


No, 1 is perhaps the commonest made, No, 2 is much used. No. 8 
is a very beautiful alloy, but little inferior in beauty to silver itself; 
it is sometimes called electrum. No. 4 is the richest in nickel that 
can be conveniently worked, For articles requiring much soldering, 
about 3 per cent. of lead is introduced ; and where brittleness is not 
an objection, 24 per cent. of iron may be added; the hardness and 
susceptibility of high polish being in the latter case greatly heightened, 
Tutenag, a kind of German silver used in casting operations, is com- 
posed of 45:7 of copper, 17°4 of nickel, and 36-9 of zinc. 

In furnace operations with German silver a quantity of zinc is 
always volatilised and oxidised, and must be allowed for by at first 
a * larger quantity of that metal than is required to form the 


joy. 

GESTURE. [Orarory.] 

GET, the name of a northern tribe mentioned in Roman history, 
inhabiting the country on both banks of the Danube, near its estuary, 
and along the western shores of the Euxine. (Dacia, in Grog. Dry.]} 

GHEE, a species of butter used by the natives of India, and pre- 
pared by boiling, so that it will keep for a considerable time ; it is 
sometimes used when a year old. The milk, when first taken from the 
animal, is boiled in earthen pots for at least an hour, and frequently 
for two and even three hours; it is then allowed to cool, and a little 
curdled milk, called Dhye, is added to promote its coagulation. By 
the next morning the whole mass has been converted into dhye, or 
coagulated acid milk, About five or six inches in depth are then taken 
from the top of each pot and put into an earthen jar, where it is 
churned by turning round in it a split bamboo with a very quick 
motion. After half an hour's churning, some hot water is added, and 
the operation is continued for another half-hour, when the butter 
forms. When this butter has been kept two or three days, and has 
become rancid, as it will during that time in so hot a climate, it is 
melted in an earthen pot, and boiled until all the water that may be 
mixed with it is evaporated; a little dhye and salt, or betel-leaf, is 
then added, and it is put into pots to be kept for use. It has a strong 
smell, and, although very distasteful to Europeans, is in general con- 
sumption among all the natives who can afford to buy it. Ghee is a 
very important article of internal traffic through a great part of India. 

HIBELLINES. [Gvetrus.] , 

GIBBOUS, convex on both sides ; a term particularly applied to the 
moon when more than half grown. 

GIFT (Law), donum, donatio, is the transferring of the property in 

a thing by one man to another, voluntarily and without any valuable 
consideration. 
. The giver is called the donor, and he to whom the thing is given is 
called the donee. By the common law, real estate might pass as a gift 
by livery of seisin without deed; but by stat. 29 Charles II, ¢. 3, a 
deed or note in writing is rendered necessary to the transfer of real 
estate. To complete a gift of goods and chattels, not effected by 
writing, delivery is absolutely necessary ; for until then the transaction 
is not properly a gift, but a contract, and the English law will not com- 
pel a man to orm his contract unless it is founded on good or 
valuable consideration. 

Gifts are looked at with some degree of suspicion by the law of 
England, and are in some cases declared void, as against creditors and 
purchasers for a valuable consideration, [Bankrurt.] 

The distinctions laid down by the civil law as to gifts were numerous, 
It distinguished gifts into two classes, proper and improper: the pro 

being such as is ised by the English law; the improper, gifts 
consideration of mantigic and that species of gift termed donatio 
mortis caused. According to the law of England, marriage is a valuable 
consideration, and consequently gifts upon that account are supported 
against purchasers and creditors. - 

Many ¢urious distinctions relating to gifts exist in the Hindoo law. 
(See Colebrooke'’s ‘ Digest, Hindoo Law,’ b. ii, ¢, 4.) As to the law 
regulating voluntary gifts established by the Code Napoleon, see ‘ Cod. 
Ciy.,’ b, 8, tit, 2, 


GILDING. Although there are many varieties of gilding. the = 
kinds which need separate mention in this place are Metal-gilding 
Wood-gilding. The reader will find an account of the modern process 
of Electro-gilding, under Evecrro-Mertauiuney ; of Fibre-gilding, under 
Gotp Lace Manvuracture; of China-gilding, under PorceLarn ; and 
of Book-gilding, under Booksrxprxo. 

Metal-gilding. The process of metal. is one of the most 
delicate in the manufactures in metal ; seei its success depends 
on a mo of eye, a dexterity of hand, and a practical acquaintance 
with the ical operations involved in it, which cannot be acquired 
without several months’ or even years’ experience. M errors 
and difficulties are in most cases detected and remedied with much 


greater facility than those which arise in the chemical branch of 


manufactures, To these latter the processes of gilding and colouring 
are particularly subject, and’ more especially that of gilding. 

The gold made use of for the p' of metal-gilding is called “ fine 
gold,” and is ectly free from alloy. Its form is that w 
metals, is usually termed “ shot,” from its having been poured or 


when in a fluid state, into cold water. This operation divides it into — 
‘pieces of various shapes and sizes, from the smallest pe oe ‘ 


a tible by the naked eye, to the dimensions of a pea or an’ 
is form of the metal is best adapted for the gilder's purpose. 
The union of the gold with the metal to be gilt is effected 

the agency of mercury. The gold and mercury are first combined, 


boiling the former in about five or six times its weight of the latter. 
These proportions are put into an iron ladle, which must have been — 
pvionsy lined with a — of whiting and water, and then care-— 


moisture left in the 


lly and thoroughly dried. Should there be 
; surface of 


lining, or if any cracks should expose the nak 
the ebullition of the mercury is so - rap! 


the 
id there, owing to the 
rapid conduction of the heat, that a portion of the pr Ses would be — 


thrown out by the violence of the action. It is most economical to 
place the ladle and its contents within the heated iron cylinder used for 


refiner appearing browner than the harder and yellower, and requirin 
time for complete solution), and according to the 


is obvious that the boiling should be as gentle as possible, since fast 
boiling ensures no higher a temperature, and evaporates a greater 
quantity of quicksilver. 

When it has been sufficiently boiled, the amalgam is poured outinto 
cold water, by which it loses a great part of its fluidity, and becomes 
semi-fluid; the consistence hare | of course, on uantity of 
quicksilver originally made use of, and the proportion of it that has 
been evaporated. The amalgam is then put into a piece of chamois 
skin, and squeezed; by which means the particles of quicksilver 
through the pores of the leather, while those of the gold are 
retained. When the mass is felt to be hard and unyielding within the 
leather, it is weighed, and its value is determined by considering five 
parts by weight of the amalgam as equal to one by weight of the 
gold employed. The amalgam then, if good, is of about the consistence 
of a stiff clay, has a greasy and gritty feel on being divided by a bone 

tula, and is in the most convenient state for being weighed out into 
the porti uisite for each respective quantity of work. If how- 
ever the gold be adulterated or the mercury be impure, the amalgam 
often approaches more or less to fluidity, appears dirty, and deposits a 
black sdieatve scum on every thing with which it comes in contact, 
The main object of bringing the amalgam to this consistence and these 
proportions is to have it in a form convenient for division and , 
tionment, as well as for the sake of having a uniform standard by w 
to ascertain the quantity and value of the gold bin | 84 As, how- 
ever, this consistence is not adapted for being applied to its intended 
, without a greater or less dilution by being again boiled for a 
short time in mercury, many metal-gilders, especially those who provide 
their own gold, prefer to weigh out the gold which they intend to use, 
and then to mix it at once with the quantity of quicksilver which 
experience has taught them to be proper and necessary, and which 
varies according to the nature of the articles to be covered with it; 
for such articles as are wrought into deeply indented or highly orna- 
mented patterns, or which are to have their surfaces > ge ag 
covered, require a more fluid than those which have a 
smoother superficies, or which are to be only partially gilt. P 

On the application of this amalgam to the surfaces of copper, 
brazen, or Kor metal articles, it is found that, as there is no 
chemical affinity, and consequently no principle of mutual cobesion, 
between the substances thus brought into contact, the direct union of 
them is impossible. Nor can it be effected by allowing them to remain- 
in contact for any length of time, ‘The intervention of a solution of 
nitrate of mercury is therefore used. This salt is made by pouring a 
table-spoonful of quicksilver into about a quart of strong nitric 4 
which ta Seca in commerce “ gilders’ yaad ;” the red fumes 
nitrous gas are instantly evolved, and mercury is rapidly united 
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with the acid, with the production of considerable heat. This solution | ture within the cylinder, occasionally shaking them er, that th 
ia, by: the, unealentiée may all have an equal share of the heat, The end inteadéd to to 


sogrortay termed “ quick-water,’ the mono- 
syllable “quick” being, in their language, a sufficient representative 
tedious appellation of “quicksilver ;” and the workshop 
name of this liquid has caused the appellation of water-gilding to be 
iven to that which would more properly be called metal-gilding. 
When it is uncontaminated by the presence of any foreign substance, 


The manner in which this agent is applied in ice varies accordi 
to the kind of articles about to be gilt. If they are small, strong, a 
to be gilt all over, as copper buttons, buckles, and rings, a quantity 
of them, which should not exceed three or four pounds in weight, 
is glazed earthen pan or “jowl;” to these are added 
or four nfuls of the “ quick-water,” together with 
ite portion of amalgam. The whole is then thoroughly 
a brush or stick, till the amalgam entirely covers the 
icle, more particularly the indentations and sunken 
last to receive a coating, from their being less 
contact of the fluids. When they are completely 
are by some gilders rinsed in cold water and dried by 

of warm sawdust ; while by others this part of the 
to a later period of the operation, and they are 
, with the generated nitrate of copper still i 
gilding-cage. This cage is made in a eylindri 

about 18 inches in length by 9 or 10 in diameter. 
coarse iron-wire gauze, supported by an external frame- 
iron, and furnished with a solid iron door at one extremity, 
ly forms a sector of one-third of the circular end. It is 
ided with an axle, which extends to a length of about 3 feet from 
which the door is placed, and is there terminated by a winch, 
distance of 5 or 6 inches in the opposite direction. The 
articles under process of gilding are placed in this cage, and the door 
of it securely fastened ; it is then suspended by its axle on two supports 
in an iron cylinder, which somewhat resembles a gas retort, and which 
is in a similar manner fixed into brickwork over a furnace or stove. 
The cylinder being previously heated by a coal fire beneath it, to such 
@ degree as to be red-hot over a large proportion of its inferior surface, 
the is introduced, and the doors of the cylinder closed. The 
heated air contained within the cylinder soon raises the temperature 
of the substances immersed in it; and as the cage is kept continually 
revolving by means of the winch, which projects through an aperture 
in the doors, they have all an equable of heat, and allow of a 
nearly equal evaporation of the mercury from all their surfaces, The 
farther hoatreie of the cylinder communicates with a chamber, which 
general built of masonry and plastered over all the internal sur- 
floor of this chamber is covered to a depth of about two 
water, which on coming into contact with the mercurial 
lenses a portion of them, and causes them to return to the 
this condenser, however,j were made quite close, a 
the mercurial vapour would return through the 
gilding shop, and thus not only be 
but materially injure the health of the persons en in the 
A communication extending obliquely upwards, and made of 
ranges of iron stove-piping, is therefore connected with a 
smaller condenser on the story above, and this is again re- 
athird or perhaps a fourth time. A current of heated air is 
continually ascending from the lowest condenser, and establishes 
a perpetual draught through the cylinder, thus preventing the dele- 
terious mercurial vapour from mixing with the atmosphere of the shop 
in which the work is forward ; some of the vapour is, however, 
yore Metra this yang The condensers are opened 
of several months, and the quicksilver taken out, washed, 
; it is sometimes found necessary again to, distil it, to free 
impurities. 
cage, with its contents, has been in the cylinder for a 
g, according to the temperature at which it has 
from five minutes to a quarter of an hour, the me will 
have entirely evaporated from the gilt surfaces. If the 
ly washed and dried, they will appear of a 
colour ; they may be allowed to remain in the cylinder, 
before, until they are sufficiently heightened 
not been so treated previously, they will 
of a dark, soiled, dirty colour, being covered with an incrusta- 
of oxide of copper and of iron, and impurities. To remove 
, are taken out of the cage; and after being allowed to 
cool for a few minutes, they are thrown, while still warm, into weak 
, that is, diluted nitrate of mercury. This converts the 
gold again into amalgam, owing to the precipitation of a portion of the 
oad copper, which is taken up with avidity by the gold. 
They are washed with clean water, dried in warm sawdust, and 
committed to the cage and cylinder, which, by the evaporation of 
a iol i deh them a clean colour. They may then be heightened, 
one 
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continuing to revolve them at the same high tempera- 


effected is a partial oxidation of the surface of the gold, caused by 
means of the increased temperature of the metal goods after the 
mercury has evaporated, and which remains unaffected by nitric of 
sulphuric acids after the slight film of oxide of copper has been instan- 
taneously removed by their action. This partial oxidation occasions a 
slight difference of colour, which is perceptible to an experienced 
eye, and confers on the gold a degree of that orange colour which is so 
generally admired in golden and gilt articles, 

Buttons and articles of a similar description are often gilt only on 
their tops, or on some other portion of their surfaces; while the 
remainder is left uncovered with gold, and of the native colour of the 
metal of which they are manufactured. This is accomplished in the 
mode described under Burron MaNnuractuRE. 

sess | descriptions of articles would be injured or destroyed by the 
method of gilding just now described. Such are all those which are 
of considerable dimensions in proportion to the thickness of the metal 
out of which they are made}; as well as those whose individual weight 
and extent of surface would expose them to such attrition from the 
rotatory motion of the cage as would occasion the gold laid on to be 
entirely or partially rubbed off in the process of its application, 
Besides this, there is in thin and fragile articles an imminent danger 
of their being broken when they are amalgamated and rendered brittle 
throughout a great part of their substance by the necessary immersion 
in the quick-water. To obviate the inconveniences that might hence 
result, a different method is employed,so far as regards the mechanical 
part of it, though the chemical principles on which it depends are 
precisely the same. Articles of this description are most commonly 
gilt only on one side. Thereare two modes of preventing the amalgam 
from adhering to those parts of the surface that are intended to be 
left bare. One is to uer those parts, and after the spirit of wine 
is thoroughly evaporated, to immerse them in the quick-water, and 

apply the amalgam ; the gummy surface left behind by the 
lacquer is entirely unaltered by its contact with the mercurial solution ; 
but its exposure to the high temperature necessary in the subsequent * 
parts of the process chars the gum, blackens it, and causes it to peel 
off. The other mode of applying the gold is to distribute the quick- 
water over the parts requiring it by a small brush or camel’s hair 
pencil, and these then have the amalgam applied as before; if, as is 
sometimes the case, the goods are to be entirely covered, they are 
immersed at once in the quick-water. The goods thus prepared are 
laid with the gilt surfaces uppermost on an open iron pan, of a shape 
something like that of a frying-pan, which is held over a coke fire. 
The chimuey is made wide at the bottom, and narrows rapidly as it 
proceeds upwards, so as to collect as much as possible of the mercurial 
vapour, for the recovery of which no effort has hitherto been made. 
A great proportion however necessarily escapes into the apartment, 
and renders this mode of gilding much more unhealthy than the use of 
the cylinder and cage. As the mercury gradually evaporates from 
their surfaces, their position is changed, when requisite, by means of a 
short pair of tongs; and when entirely free from it, the process of 
quick-watering is performed. 

Where the cylinder is employed, it is usually swept out daily, before 
the fire has heated it in the morning. A portion of the gold amalgam 
is rubbed off by the attrition of the , and falls on the interior 
surface of the cylinder, whose heat melts it wholly or partially, and it 
becomes mixed with the oxide of iron that is constantly in course of 
production by the elevated temperature of the cylinder. This being 
carefully collected and refined, is found to yield an average of about 
1-30th of the gold employed, to which dividend the richer sorts have 
contributed from their superabundance a greater proportionate quantity 
than the commoner qualities. 

Gilt articles of all the better qualities are submitted to an after- 
process called colouring, for the purpose of conferring on them a deeper 
orange tint than is natural to the gold itself, or can be obtained by the 
process of heightening already mentioned. The principle of this 
additional operation is always the same, though the methods resorted 
to differ greatly from each other. One of the compositions employed 
for this purpose is formed of twenty-four parts of nitrate of potash, ten 
of sulphate of alumina, five of sulphate of iron, and five of sulphate of 
zine, boiled together in water, thoroughly mixed, and cooled without 
being allowed to crystallise. This mixture is formed into a thin paste 
with water, which is spread over the surfaces of the articles by their 
being immersed in it; and when they are placed on a heated iron plate, 
the warm gold surfaces become omdised, A mixture is sometimes 
made of bees’ wax and yellow ochre, which being rubbed over the 
gilt surfaces and burnt off, occasions on a similar principle the same 
result. Goods that are to appear bright are scratched over before 
colouring with a brush made of fine brass wire. 

Most gilt articles are burnished Le Felony burnisher, formed of a 
polished piece of black hematite. is is fixed into a proper handle. 
Small articles, as buttons, &c., are placed in a lathe, and the stone 
applied to them as they revolve; those that do not admit of this are 
burnished by hand on a table or bench. 

Besides copper and brass, several other substances admit of being 
gilt. Silver is gilt in a manner similar to that above described. Steel 
and iron are gilt by being immersed in a mixture of the nitro-muriate 
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(or more properly the chloride) of with sulphuric ether or alcohol. 
By combining these liq er, an alcoholic solution of gold is 
formed, from which the metal is precipitated by the iron or steel. 
Many applications of gilt metal are now su; by the remark- 
able electrotype process in the way described in the article already 


adverted to. 
Wood-Gilding. Wood work, whether plain or carved, is gilt by 
Parchment-size is dissolved in water by 


the following 
heat, and a ie whiting mixed with it. This composition is 
brushed over the picture-frame or other article to be gilt. The 
holes and cracks that may be in it are then filled up with a mixture 
of the same ingredients in different proportions, and of about the con- 
sistence of putty. A composition of the same sort, but ini 
more whiting than the first, is then brushed over it, and allowed to 
dry. This is rej several times, till a considerable thickness has 
been laid on. @ plain parts are then moistened, smoothed down 
with pumice stone and water, hard stone and water, Dutch rush, 
glass paper, and other substances; and the corners and mouldings are 
mared and shaped by rd tools. When dry the work is covered 
with several coatings of gold-size, a peculiar composition, of which 
deer’s fat is said to form the principal i ient. The frame or other 
article thus prepared, is placed in a = position; its parts are 
successively moistened with water; gold- eat is laid on them by a 
‘tip ” (a sort of comb formed by inserting a row of camels’ hairs into 
a card), and is pressed down into the cavities by a dry camel's hair 
pencil. The gold when dry is burnished by a stone in some parts; 
while others are left mat or dead, and are protected by a varnish of 


clear size. 
we This constitutes burnish-gilding. Oil gilding differs from it chiefly 
in the use of ——— of an oily nature, which admits of no burnish- 
ing of the gold. Japan-gilding is a third kind, in which Japan gold- 
size is used, for work intended to be exposed to the weather. 

The applications of gold-leaf to leather, paper, wood, and other 
substances, are numerous and diversified ; but whathas been said above 
will be sufficient to indicate the principles and details of this branch of 
the arts. It may be well to add, that glass may be gilt by the following 
simple method :—Dissolve some isinglass in water by means of heat; 
evaporate the liquid, and allow it to . Re-dissolve some of 
the mi oR and after making the mixture of the usual consistence of 
glue, dip into it a piece of clean chamois leather, which is to be drawn 
once, and only once, over the parts of the glass that are to be gilt. 
Lay on the leaf-gold, which will adhere, and allow the whole to dry. 
On this coating of gold another may be placed in a similar manner, 
being careful to draw the isinglass only once and lightly over the 
former coating. It will be generally found advisable to repeat this 
process a third time. Any superfluous gold may be removed by a 
sharp stick, and the gilt are to be polished by rubbing them with 
clean cotton, which will obliterate all traces of any joinings, and 
prevent them from being visible from either side of the glass. 

GIN. [Corron; Geneva.] . 

GIN, or GYN, a machine employed instead of a crane, chiefly by 
artillerymen, for the purpose of raising guns, howitzers, &c., on their 
carriages. It consists of three round poles, from 12 to 15 feet long, 
and 5 inches in diameter at the lower extremity, tapering to about 
34 inches at the top. 

The three poles are, by means of an iron bolt passing through straps, 
or by a rope passed several times round each, united together at their 
upper extremities in such a manner that they may be turned about 
their place of union; and when the machine is set up, the feet of the 

les are planted in the ground at about 8 or 9 feet from each other, 

feet of two of the poles are kept at that distance by means of a 
rope or an iron bar, which may be temporarily placed in a horizontal 
ition near their lower ends; and between the same two poles, at 
about 34 feet from the ground, is a wooden roller, or windlass, which, 
by means of handspikes, may be turned on its axis, the pivots enteri 
into holes sunk in iron cheeks attached to the poles. The thind 
pole, commonly called a “ pry-pole,” has a greater extent of movement 
than the others about the upper extremity, so that-all the three poles, 
previously to being set up, may lie on the ground. The is then 
set up over the object to be moved; two blocks with their fall, or 
rope, are employed in raising or lowering the gun, the upper block 
being fixed to the top of the poles, and the other, by means of a rope, 
to the piece of ordnance: the rope from the upper block passes over 
the windlass before mentioned. 

Two poles fastened together at the top, and set up like the sides of 
the letter A, the whole being kept steady by means of ropes made fast 
to the upper extremity and to strong pickets driven into the ground, 
are also employed for raising or low artillery, by means of two 
blocks with their rope, the extremity of the latter usually passing round 
the cylinder of a windlass, capstan, or crab, This apparatus is called 


shears. ‘ 
GIPSIES, [Grrstes.] 


GIRDERS. The timber or iron beams, employed in building | be, 


+s amepegired llgeyn ores: Iacge Opening Semaae an wertniens by 
name of Girders, either simple or framed. The former will 
be noticed here, 
A simple girder resists the action of the w 
strength 


t brought u it 
its inherent transverse ry pectin 


, and it must be evident to any one 


HI 

7: 
L 
: 


oe 
4 


i 
HE 
bs 
Bf 
I 
Ht 


ES 
: 


perti 
he strength of a simple timber 
increase directly as the width, 
a beam of 6 ine’ es on the sides bear 


of the powers of resistance of a girder; or the breaking weight in 
pounds of a girder will be represented by “9°, in which the new 
term, c, is the constant of the wood. Barlow, Nelson, Moore, and 


Dennison give, in the papers of the Royal , a table of con- 
stants which is now generally adopted; and from the fact that the 


results it indicates are considerably within the real capabilities of the — 


various woods, there seems to be no reason for objecting to it :— 


Kind of Wood. Sp. gr. YM™*| Kind of Wood Sp. gr. Value 
Ash, English . « 760 506 | Pine, American, yellow . *508 300 
»» American - .%626 «6450] ,, - pitch .°740 432 
Beech, English . « 696 390 » Danzig . + “649 356 
Birch, common oe) a U1 482 » Memel . « « GOL 334 
Cedar of Lebanon . » 330 373 a . . + 654 346 
Elm, English .  . .°579 200 | Fir,spruce . . .°503 $36 
Hickory . . «°831 532] ,, 4, American .°772 260 
Oak, English . . .°829 424 ,, MarForest . .°698 308 
African . . 988 630 | Deal, . “689 400 
y» American, white .°779 433 |Larch . . . .°505 256 
” ” .°952 «422 |Tamarak =. «2, “433280 
» Danzig « + .°720 877 |Mahogany . - . 668 430 
» Memel. . .°727 416 |Teak . . . 49729 597 
Pine, American, white . *432 307 | Vancouver's Island fir, 728 
” ” . 576 382 one experiment only ‘) 


The manner in which a load is. applied to a beam, it must however 
be observed, considerably modifies its resistance; for if the load be 
distributed equally over the whole length, the beam would twice 
as much as it would do if the load were concentrated in the centre. 
Again, if the ends of the beam be fixed, the breaking weight it would 
pape Niger tener epee oe Wim ig, peace na ratio of 
2tol. The values of c, given above, have ascertained from the 
rte sondage — eam ere Ince; Ue a 

ect of a permanent in uci ) is so markedly 

tar than that of an intantane ad a 
into account the increase of resistance o: gird ers through the 
down of their ends, which in fact almost inenyerion oe 
above table are the instantaneous 
ualities of the woods named, and 


for one day, It is essential also to 
load will affect the resistance ; for a dead weight produces 
injurious action than 


work with the minimum amount of substance is usually considered to 


ics,’ 1851), as follows:—For beams supported at one end; 
1. a. If the load be constant, and applied at the extremity, and the depth 
of the beam be also constant, the transverse section should diminish 
gradually from the point of towards the extremity; }, If the 

readth be constant, the should vary as the length; if both 


eous load, it is not customary to take 


at one or at both ends (Warr’s | 
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_ the breaking weight of a wrought-iron girder, as follows; wade 
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bohereciins sf vary, the vertical section should present a cubical 
parabola. 2. If the beam should only have its own weight to support, 
in vertical section a double parabola, whose depth 
should be as the square of the length. 3. If the beam should be 
evenly loaded upon its surface, and the upper surface be horizontal, 
the lower surface should be a straight line meeting the upper surface 
at the extremity; the depth at the point of support being the one 
Rot eet ae eee of its leverage; and if an 
itional 1 be placed at the extremity of the beam, the under 
surface should present a parabolic curvature. 

For beams supported at both ends:—1. If the beam be loaded at 
only one point, it should present a parabolic vertical section, falling 
each way from the loaded point. 2. If the beam be loaded uniformly, 
the u surface should be elliptical, and the lower one straight. 

i Sanged beams evenly loaded, the upper surface should be made 
parabolic instead of elliptical, and the sides of the flanges in plan 
should also present a parabolic curvature, 

In modern construction the openings between the points of support 
and the loads to be supported, are often so far in excess of the powers 


on the ‘ Strength of Materials, 1850; Fairburn, on ‘ Cast and Wrought 
Iron for Building Purposes, 1854; Hodgkinson’s new edition of 
Tredgold, 1856; Morin, ‘Legons de Méchanique Pratique,’ 1846, &e. 
&c. From these authors it would appear, 1st, that the power of cast- 
iron to resist a tensile strain is, when compared to its power of resisting 
an effort of compression, as 1 to about 5°707 ; 2nd, that the strength of 
cast-iron girders is nearly in the direct ratio of their bottom flanges; 
3rd, that everything else being equal, the strength is nearly as the 

Mr. Fairbairn resumes the inquiry into the best form of iron 
girder by giving the following formula for ascertaining the breaking 


weight : w=£29, in which w= the breaking weight ‘applied in the 


pports 

perimentally to be=26. In the best cast-iron girders the proportions 
of the other respective parts than the top and bottom flanges are, a. 
the width of the bottom flange is made rather less than half the depth 
of the girder in the centre; 5. the thickness of the centre web is made 

ual to one half that of the bottom web, when that theoretical con- 
dition can be attained without compromising the solidity of the casting, 
or the quality of the metal. 

Compound cast-iron girders, in which the strength is obtained by a 
combination of the resistances of cast and wrought iron, have been 
found practically to be liable to so many objections, on account of the 
different ph properties of the two states of the metal, as to have 
led to the abandonment of their use. Cast-iron beams are frequently 
cast in lengths of 40 feet, and even occasionally of 70 feet, though at 
some risk. Beyond those lengths, it is necessary to resort to the use 
of either the arched construction, if cast-iron be used, to some descrip- 
tion of framed girder, or to the use of wrought iron, 

Tn wrought-iron girders it is found that the proportionate resistance 
of the top and bottom flanges to the efforts of compression and 


_extension differ notably from those which were previously stated to 


in cast-iron ; for the resistance of wrought ironto compression 

is only one half of its powers to resist extension, and the top flanges of 
iron gi , therefore, should be made about double the 

area of the bottom flanges, instead of being as in cast-iron 
girders only } of that dimension. Mr. Fairbairn gives the formula for 


i 


1 ’ 
in which the same notation is followed as in the formula for cast-iron 


boxed girders are adopted; and. Apter vipepers he records, it 


is nearly the same as 

that of a plate girder. Exactly, it would ap) to be 72. One of the 
besp rules for proportioning box irders is, ly, to make the area of 
the top equal to twice that of the bottom; to make the thickness of 
the ies from 7; to aj of the depth of the tube, according to the 
facilities for giving it lateral stiffness; and then, as the span and the 
depth are often given, to calculate the dimensions of the bottom flange 
from the ratio,s: d :: s: w; in which s=the span; d=the depth; 
s=the cohesive strength of the bottom flange, calculated on the 
that it is equal to 15 tons on the superficial inch; and w= 

the weight in tons. This would, of course, give the weight 
under the girder would instantaneously break, and it should 
therefore never be approached in practi Indeed, if the girder 
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should be exposed to rolling weights, or to sudden shocks, it should 
present a resistance at least six times that of the maximum load able 
to produce instantaneous fracture. 

above remarks have been designedly made as practical, and as 
devoid of abstract theory as possible, leaving that part of the investiga- 
tion to ResIsTANCE OF MATERIALS ; NeEuTRAL Axis; TUBULAR BEAMS. 
The reader who may desire to study the theory of the subject 
is, moreover, referred to the author before quoted; or to Clark’s 
‘ Britannia and Conway Tubular Bridges.’. Framed girders are described 
under Truss. | 

GIRDLE, a band of leather, or some other substance, to gird up the 
loins : from the Anglo-Saxon gyrdel or gyrdl, and that from gyrdan, to 
encircle or bind around. Girdlestead is an old English word for the 
waist, or place of the girdle. 

There are many passages in Scripture, as well as among the Greek 
and Roman writers, illustrative of the girdle. It appears to have been 
rarely worn by the Hebrews, except upon a journey. Elijah, we are 
told, girded up his loins, and ran before Ahab. Girdles of sackcloth, 
too, were used among the Hebrews as marks of humiliation and 
sorrow. 

As a military ornament, it is noticed in Homer (‘ Il.’ iv, 135; v. 539, 
&c.); and so universal was its use among the Greek and Roman 
warriors, that Pitiscus, in his Lexicon, says, “ Et Cingulum pro ipsa 
militia usurpatur.” Military girdles were often given as rewards for 
bravery. The magister equitum of the Romans wore a red girdle as a 
distinctive badge. _ 

A girdle, or zone, was always worn by young women before marriage. 
Hence, “ Zonam solvere virgineam,” to loose the maiden’s girdle, in the 
language of Catullus, was a phrase appropriate to the marriage cere- 
mony. Festus says, “Cingulum quo nupta cingebatur vir in lecto 
solvebat.” This girdle was usually of wool. The cestus of Venus was 
the zone or girdle. It was worn round the lower part of the waist, 
and concealed by the falling of the tunic. 

The term girdle was in ancient times very frequently used to express 
the purse. An epigram in the ‘ Anthologia’ shows that this was the 
custom among the Greeks; and it is in this sense that we must under- 
stand the fragment of Gracchus’s speech to the senate, upon his return 
from Sardinia, quoted in Aulus Gellius, lib. xv., c. 12: “ Itaque Quirites, 
quum Romam profectus sum, zonas, quas plenas argenti extuli, eas ex 
provincia inanes retuli.” 

In Mark vi. 8, when our Saviour sent his Apostles out to preach, he 
commanded them to take no scrip, no bread, no money in their purse : 
the Anglo-Saxon version reads, ne fesh on hyra gyrdlum, “ nor money 
in their girdles.” Hence probably arose the custom, formerly used in 
England, for bankrupts or other insolvent persons to put off and 
surrender their girdles in open court. 

Various passages in the classic writers might be adduced to show 
that to go without the girdle was considered disreputable, and bespoke 
a dissolute person. Aubrey, in one of his manuscripts, says that 
“ Ungirt, unblessed,” was an English proverb before the civil wars of 
Charles I. 

Among the ancient companies of London, that of the Girdlers was 
incorporated as early as August 6, 1449, 27 H VL, and it has been 
supposed that these were the makers of girdles. Their armorial ensigns 
are, “ Per fess, az. and or,a re counter-c |, each piece of the first 
charged ,with a gridiron of the second. Crest, the demi-effigy of St. 
Lawrence, holding in the right hand a gridiron, and in the left a book.” 
Strype, in his edition of Stow’s ‘ Survey,’ conjectures, from their arms, 
that the girdlers were originally a fraternity of St. Lawrence, But, as 
Mr. Thoms, in his edition of Stow, suggests, these arms seem to indicate 
pretty clearly that the girdlers were really makers of the girdles, or 
griddles, still used for ing oaten cakes in eyery household in 
Scotland and much of the north of England. 

GIRONDINS was the name given to a political party which formed 
a section of the second National Assembly of France, called “ Legis- 
latif,’ in contradistinction to the first or “Constituante,” which 
framed the constitution of 1791. The members of this party were 
mostly returned by the departments of the west and south; and as 
their leaders, Vergniaud, Guadet, Gensonné, &c., represented the 
department of La Gironde (Bordeaux), the party took the name of 
Girondins. They showed themselves from the first hostile to the 
monarchy, and they stood opposed to the constitutionalists, who wished 
to maintain the constitution of 1791, The Girondins were republicans, 
who had formed notions of liberty on classical models, ti as they 
were then conceived by ardent young men. They had among them 
some brilliant orators, and several accomplished and amiable indivi- 
duals; but as a political party they placed themselves in a false posi- 
tion, and they did great mischief to others. By their opposition to the 
constitutionalists they weakened the strength of the middling classes, 
and left the field open to those who, like Danton, addressed themselves 
to the passions of the lower orders. They at one time obliged the 
king to choose a ministry from among themselves, including Roland, 
Servan, Clavitre, and Dumouriez, and they seemed for awhile recon- 
ciled to the constitutional monarchy; but a schism broke out among 
them, and they resigned. Soon after came the scenes of June and 
August, 1792, which the Girondins indirectly sanctioned, and which 
destroyed the carpet in France. In the Convention the Girondins 
for the most part voted for the death of the king; they tried indeed to 
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obtain a reprieve for him, but in this they failed. They then began 
~ cae manpr preg ies Bis 
ascendancy of the Montagne or 
by the mob; ren Ma hed. oe ; 
popular massacres, but no support out o! 
upon. At the same time they excited the republican enthusiasm of 
the French, and it was Brissot, one of their leaders, who proclaimed 
the principle of democratic ism, 
Convention, by its decree of the 17th of Decem 
turned to the profit of the Terrorists at home, who were the men of 
the lower classes, which the Girondins were not. The latter en- 
deavoured to create an 
balance the influence of the 

and conspiring to 


; and reappeared again in the Convention after the fall of 
Robespierre. Dumont, in his ‘ Recollections of Mirabeau,’ ch. 18-20, 
gives some vivid sketches of several of the leaders of the Girondins ; 
and Lamartine has written a ‘ History of the Girondists.’ 

GITHAGIN, a peculiar kind of Saponin, obtained from the, corn 

is ( is githago and Agrostemma, githago). [SaPoNtn.] 

GLACIS, an elevation of earth surrounding a fortress on the 
exterior of the covered-way, to which it serves as a parapet. ['s, 8; fig. 
1, Bastioy.] Its crest is eight feet above the terreplein of the 
covéred-way, and its superior surface, which descends with a gentle 

towards the country, meets the natural ground at about fifty 
yards from the covered-way. 

The glacis conceals the upper of the masonry of the escarp from 
distant ing batteries, and by forming an inclined plane ascending 
towards the fortress, serves to expose the approaches of the besiegers, 
when they arrive near the place, to the fire of artillery from the 
bastions or ravelins; and a banquette, or step, at the foot of its 
interior slope, enables the defenders to graze its superior surface by a 
fire of musketry, and gives the further defence of another line of 
simultaneous fire. 

Any elevation of earth beyond the ditch of a fortress, and forming 
an inclined plane descending towards the latter, is called a reverse or 
counterslope glacis, 

GLADIATORS were men who fought with swords, ‘ gladii,’ and 
other weapons, and wounded and killed one another in the circus, the 
amphitheatre, and other public places, for the entertainment of the 
Roman people. They were either slaves, prisoners or convicts, and as 
such ob! to fight ; or volunteers, who exhibited for money. There 
were lishments in the Roman towns, in which the gladiators were 
boarded and taught their art, and in which a certain number of those 
who had been trained were always kept in readiness for the fight. 
Their master and keeper was called Lanista. Gladiators were classed 
tema toy ing to the ag oe aes oe 

ting: thus tnarii were those who t irs in the 
ordinary way ; Catervarii, those who fotghs several togethers Equites, 
those who fought on horseback; Retiarii, those who used a sort of 
fork called a tridens, and a net which they threw over their opponent, 
who usually carried a short sword and shield; Andabata, who fought 
blindfold, — no being covered with ee had no 
apertures, w manceuvres were consequently exceeding]: 
ludictous ; Hoplomachi, who fought in complete pamiorsd &e. All pod 
armour on the right arm, if nowhere else; and except the Retiarii, 


li 
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Campanians, 
ts even at their banquets. (Lipsius, ‘ Saturnalia ;’ Ferrari Octa) 
‘ Dissertatio de Gladiatoribus.’) 


Rome was at one time near paying very dearly for this inhuman 
: rs 


pastime. In the year 76 3B.c. seventy-four 
against their master, overpowered the 
tains, where they were pica by preengy J to 
the number of several thousands. ing led by a of the 
name of Spartacus, a Thracian by birth ani oe ee oe 
they defeated several Roman armies, overran Campania, Lucania, 
other provinces, took and plundered Nola, Nuceria, and other towns, 
and spread alarm almost to the of Rome. But dissension grew 
up among their ranks. One ion of them, chiefl, 

from the rest under one C: , and were Gefentedl and exe $5 paste 


ie 


honour of ton who had aoa Bley and Bass 
captives to fight as gladiators ro’ e pyre. e war 
years, at the end of which Spartacus was defeated by the 


Roman 

M. 

Crassus, and was killed after ing prodigies Livy. 

© Epitome,’ 95-97 ; Eutropius, 58) [Cnaseos, is Brse, Drv.) psi 

shi Whol vor Ore RARE : t gladiators in several 

, Which represent or are su’ to represen’ 

attitudes. One of the best is the ‘ Fighting Gladiator’ of the 
collection, now in the Museum of the Louvre. The ‘ 

of the Capitoline Museum has furnished Byron with the subj 

of the finest stanzas of his ‘Childe Harold :’ “I see 

Gladiator lie.” In the tomb of Scaurus at Pompeii is a series 


relievi, which aided by the iptions placed above each 
cuetey Thanvier of ting of the oe 
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& Thrax (Thracian) and a Myrmillo (supposed to be one of the Gaulish 
tribes). The Myrmillo, who, the inscription has been a con- 
partic lh rao vaniquished by ote 

rty-four times ; he begs his life, but the letter © ( 
indicates that he was to be put to death. The other group are two 
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monly matched against the retiarii, their system was to pursue their 
antagonists who sought to elude them, till found an opportunity — 
to cast the net. In this case, a secutor has been defeated, and pleads for 
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the trident with which the retiarius is armed is not a weapon fitted for 
speedily ing a man, the poor wretch’s fellow seeutor, Hypolitus, 
has to perform this last office, prior to encountering in his turn another 
retiarius, who is seen waiting in the distance. ; 

GLAIRIN ; Baregin ; an azotised matter found in the water of hot 
sulphureous springs. It has been compared to albumen and gelatin, 
but its composition differs considerably from these bodies. It con- 
sists of,— 5 ’ 


Carbon . : : « 45°20 
Hydrogen . . : 2 ry See 10°95 
Nitrogen . : i‘ . = 3 - 5°60 
Ash . . F F . > - . 40°70 
Oxygen - «. + : . . « 1°55 

100-00 


GLANDERS, or Farcy, is a name given by veterinary surgeons to 

a disease affecting horses and other cattle. It appears in the form of a 

suppurative disease of the mucous membrane of the nose and of a 

ustular eru The former is sometimes called glanders and the 
Ries texcy, ut the two often occur , and the pus di 

by the one will produce the other. In 1821, Mr. Muscroft drew 

attention to the fact that this disease could be communicated from the 


ins in the 
back and limbs. These sympt< are followed legmonous 
tumours in various parts of the body, which are accompanied with pain 


a discharge takes place from the nostrils of a matter more or less 
t, viscid, and mixed with blood. The eyelids frequently 
tumefied, and discharge a thick viscid matter like that from 


. the nose. About the twelfth day of the disease an eruption breaks 


out on the face, trunk, and limbs. It is preceded and accompanied by 
profuse and fetid sweats. The eruption is scattered, and resembles, 
according to circumstances, the vesicles of cow-pox, or the pustules of 
small-pox or ecthyma. These are sometimes accompanied with large 
vesicles (bull), which become black, and discharging leave gangrenous 
t first Re pole is full and quick; but it becomes rapid, 
small, irregular, and intermittent. The tongue is at first loaded with 
white fur, which afterwards becomes brown or black. Diarrhoea and 
tympanitis often come on in the course of the disease. This disease is 
generally fatal from the seventeenth to the twenty-first day. In the 
chronic cases the febrile symptoms are not so prominent. The local 
are much the same, but they progress more slowly. The 
are attended with a amount of subcutaneous inflam- 
twelvemonth has been known to elapse in such cases as 
a patient has recovered or died. 
no doubt that these symptoms are the result of a poison 
into the system of man from the horse. In all cases con- 
glandered horses has been ascertained to have taken place 
ing out of the disease. Matter has been taken from 
branes in men, and horses have been inoculated, 
¢ produced. The disease has also been produced 
aaigs dar amg to swallow the poisoned matter in their food. 
can, , be no doubt that the poison can be absorbed 
both from mucous and cutaneous surfaces. is being ascertained, it 
becomes more than ever n to prevent contact with glandered 
X Such horses have been known to give the disease to persons 
riding behind them or ing near them by snorting the matter from 
their nostrils into the air. All glandered horses ought to be destroyed. 
In Germany the conviction of the danger of this disease is so strong, that 
all horses proved to have come in contact with glandered horses are 
ordered to be Not only can this disease be communicated 
from horse to horse, and from the horse to man, but cases have 
oceurred in which those attending glandered individuals have become 
affected. The poison of glanders soon manifests itself. Mr. Turner 
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a matter of experience. The general toms 
e latter stages are those of low malignant Sense S oieenlane 
of treatment is indicated. Cases have been bled and ew and 
but there is no reason to believe the. 


bleeding did any good. In the chronic forms of the disease recovery 
is more frequent. The symptoms indicate the necessity of a 
generous diet. 

We add the following remarks by Mr. Finlay Dun, V.S., in the 14th 
yol. of the ‘ English Agricultural Society’s Journal,’ pp. 128, 129 :— 

“From their weak and unsound constitution, horses of a scrofulous 
diathesis are unusually prone to glanders and farcy—two forms of a 
disease peculiar (at least as an original disease) to the equine species. 
As has been already remarked, it is characterised by a specific unhealthy 
inflammation, identical in all important characters with the syphilitic 
inflammation in man, From the dire and loathsome nature of glanders, 
and the.terror in which it is held, animals affected by it are uever 
used for breeding, so that we have little opportunity of judging of its 
hereditary nature. There is no evidence (so far as I know) which 
proves it to be directly hereditary, but there is no doubt that the 
progeny of a glanderous horse would exhibit an unusually strong 
tendency to the disease. Though I am not aware of any facts proving 
glanders to be congenital, yet I think there is erecy, prebetaitg that 
such is the case; for it is notorious that syphilis, the analogous 
disease in the human subject, is congenital, and often appears at 
birth in the children of women affected by that disease. Its ordinary 
predisposing causes are, many of them, hereditary: it is very prone 
to attack animals of a weak or vitiated constitution. It is emphatically 
the disease which cuts off all horses that have had their vital energies 
reduced below the healthy standard, either by inherent or acquired 
causes, Glanders is also sometimes caused by inoculation; is fre- 
quently produced in healthy subjects by mismanagement, as by in- 
sufficient food, want of shelter, and overwork ; and often supervenes 
on bad attacks of influenza, strangles, diabetes, and other diseases 
which debilitate the system, or impair the integrity of any of its more 
important parts. These causes appear to possess the power of engen- 
dering in the constitution of the horse a peculiar poison, which, as it 
reproduces itself, and spreads to all parts of the body, gives rise to 
the characteristic symptoms of glanders, causing, sooner or later, a 
breaking up of the system, and a fatal prostration of the vital powers. 
This poison produces in the blood abnormal changes, which vitiate 
that fluid, and unfit it for healthy nutrition. From the irritant action 
of the morbid fluids passing through them, the lymphatic glands and 
vessels become inflamed, and lymph is deposited. This, however, 
being of an unhealthy nature, soon runs on to softening, which extends 
to the skin overlying the part, and ulcerating farcy-buds are formed. 
On the surface of the more vascular mucous membranes effusions of 
tubercular matter are also poured out; these take on an unhealthy 
inflammation, and degenerate into chancrous ulcers, which may gene- 
rally be seen on the mucous membrane of the nostrils in most bad 
cases of glanders.” 

GLASS MANUFACTURE. Glass, one of the most beautiful of 
manufactured products, is a transparent, solid, and hard substance, 
exceedingly brittle while cold; but by the application of a high degree 
of heat it is rendered so flexible and tenacious that it may with the 
utmost facility be moulded into any form. It is so ductile while 
heated, that it may be spun into filaments of the greatest conceivable 
fineness ; and these when cold are exceedingly pliant and elastic, 

The time at which glass was invented is very uncertain. The 
pawn opinion upon this subject refers the discovery to accident. 

t is said (Plin. ‘ Nat. Hist.’ lib. xxxvi., ¢. 26) ‘that some mariners, 
who had a cargo of nitrum (salt, or, as some have supposed, soda) on 
board, having landed on the banks of the river Belus, a small stream 
at the base of Mount Carmel in Palestine, and finding no stones to rest 
their pots on, placed under them some masses of nitrum, which, bei 
fused by the heat with the sand of the river, produced a liquid 
transparent stream: such was the origin of glass.” The ancient 
Egyptians were certainly acquainted with the art of glass-making, 
This subject is very fully discussed in a memoir by M. Boudet, in the 
‘ Description de Egypt,’ vol. ix., Antiq. Mémoires. The earthenware 
beads found in some mummy cases have an external coat of glass, 
coloured with a metallic oxide : and among the ruins of Thebes pieces 
of blue glass have been discovered. Sir Gardner Wilkinson adduces 
three distinct proofs that the art of glass-working was known in Egypt 
before the exodus of the children of Israel from that land, more than 
3500 years ago. The manufacture of glass was long carried on at 
Alexandria, from which city the Romans were supplied with that 
material; but before the time of Pliny it had been introduced into 
Italy, France, and Spain (xxxvi., c, 26), Glass utensils have been found 
among the ruins of Herculaneum. 

The application of glass to the glazing of windows is of compafatively 
modern introduction, at least in northern and western Europe. In 
the year 674 artists were brought to England from abroad to glaze the 
church windows at Weremouth in Durham ; but even in the year 1567 
this mode of excluding cold from dwellings was confined to large esta- 
blishments, and by no means universal even inthem. An entry then 
made in the minutes of a survey of Alnwick Castle, the residence of 
the Duke of Northumberland, informs us that the glass casements were 
taken down during the absence of the family, to preserye them from 
accident. A century after that time the use of window-glass was so 
small in Scotland that only the upper rooms in the royal palaces were 
furnished with it, the lower part having wooden shutters to admit or 
exclude the air. It may be presumed that this window-glass was of 
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home-make. The earliest’ manufacture of flint-glass in England was 
begun in 1557; and the made in perfecting it was so slow, 
that it was not until near close of the 17th cen that this 
country was independent of foreigners for the supply of common 
article of drinking-glasses. In 1673 some ) peat a was made at 
Lambeth, in works supported by the Duke of Buckingham, but which 
were soon abandoned. It was exactly one century later that the first 
establishment of magnitude for the production of was 
formed in this country, under the title of ‘‘ The Governor and Com- 
pany of British Cast Plate-glass Manufacturers.” The members of this 
company subscribed an ample capital, and works upon a large scale 
were erected at Ravenhead, near Prescot in ire, which have 
been in constant and successful operation from that time to the 
present day. 

There are several distinct kinds of glass, which differ from each 
other in regard to some of the ingredients of which they are made, 
and in the of manufacture. The names crown, jlint, cut, win- 
dow, sheet, broad, spread, blown, cast, plate, &c., glass, are not very well 
chosen ; but whatever be the names, the principal ingredients employed 
are silex or flint, and an alkali. The differences in the various kinds 
result from the description of alkali employed, and from the addition 


of certain materials, usually metallic oxides, The form in 
which silex is now generally used in this country for glass-making is 
that of sea-sand, care is required to select those kinds which are 


free from foreign matters and impurities. The port of Lynn in Nor- 
folk, and Alum Bay in the Isle of Wight, have long furnished the 
greater part of the silex used in our glass-houses. Flint-glass derives 


its name from the practice in former times of using flints calcined and | and 


— in the manner now employed for making porcelain; but this 
long been discontinued. Of late there has been some apprehension 
of a scarcity of sand suitable to the manufacture; and a good ideamay 
be formed as to the importance attached to the rey of this chief 
ingredient from the fact that sand has been imported for the p 

from New South Wales. The alkali employed for making fine flint- 
glass is pearl-ash, purified by solution and subsidence, in which process 
impurities to the extent of one-third of the weight are removed. 
Coarser alkaline substances are used for making inferior kinds of glass: 
the impurities even assist towards fusing the silex; but such alkalies 
all contain iron in some degree, and it is to the presence of this metal 
that the green colour of common glass is owing. Barilla and kelp 
were formerly the chief sources of the soda ary sens but in recent 
years the carbonate and sulphate of this i have been obtained 
from common salt; either one alone, or the two combined, being 
chosen for different kinds of glass. 

We shall now treat succinctly of the processes by which the prin- 
cipal kinds of glass are produced. 

Flint Glass. This, known in other countries under the name of 
crystal, is the most generally useful, the most brilliant, and the heaviest 
description of glass. This last quality it owes to the large quantity of 
oxide of lead which it contains, and which is used sometimes in the 
form of minium, but more frequently in that of litharge. The metallic 
oxide acts as a flux, and promotes the fusion of the other materials 
at a comparatively low temperature. The greater density which it 
imparts gives to the glass a greater power of refracting the rays of 
light ; and it is this quality which renders flint-glass of so much im- 
portance for optical purposes. Nitre ina pares esr ay is used for 
the destruction of any carbonaceous matter in the other ingredients ; 
the oxygen which it gives out in the furnace further serves to maintain 
at their highest degree of oxygenation the metallic oxides that are 
present. Black oxide of ese in minute proportion is also used 
to remove ry lei oes > ight otherwise remain through ‘asa 
impurity 0’ i 3; its cleansing property occasioned thi 
ros reap fi known formerly under the name of g p. Any undue 


os gt of would impart a purple hue to the mass; and 
any comaientle quantity be used that colour will be deepened 
almost to black. When through inadvertence the glass has been made 
purple, the colour will be almost instantly discharged by thrusting a 

of wood into the melted mass. The cause of these changes is as 
follows :—The purple colour given by oxide of arises from 
its being in a high state of oxygenation; the wood when thrust into 
the heated mass becomes ily carbonised, and the carbon, com- 
bining with the superfluous oxygen, is driven off in the form of carbonic 
acid gas; if by the addition of nitre the quantity of oxygen is again 
increased, it combine with the manganese, and restore the purple 
colour. It will be seen from these circumstances how much skill and 
experience are 


fine 
clean white sand, 40 well-purified lash, 35 litharge or um, 13 
nitre, and a small (undefined) pre ne of the black oxide of manga- 
nese. The French chemists recommend a much larger proportion of 
oxide of lead, but this ia Sou $0 make hs ne aed 
Where less metallic oxide is used, more nitre is required as a flux, and 


a in whatever ons selected, must all be inti- 
mately before they are put into the crucibles or pots, which 


are previously placed in the furnace. These are very carefully 
made of Stourbridge clay ; they ar about «ari va a 

one arch-shaped 0; side, and i 
glass, As the bu 


and long-continued heat is necessary, not only for the 
ion of the materials, but also for the discharge of the 
impurities which they contain. The chief of these, known under the 
name of sandivir, or , consists of salts existing in the alkali 
which have but affinity for silex, and from their specific levity 
rise in the form of ph eset iwiieed scum to the top of the crucible, 
whence it must be removed before it is volatilised. by the excessive 
heat of the furnace. This is used as a powerful flux 
refiners of metals. When the whole of the impurities have 
thus thrown off by the action of heat and are removed, and the 
glass, or metal, as it is called, appears colourless and translucent, 
the vitrification is known to be complete. The tem of the 
furnace is then lowered by preventing the access of air until the 
loses a part of its fluidity, and. assumes that character w' 
is the most convenient for the workmen; it being iently consistent 
to be tenacious, but soft enough to yield to the slightest with- 
out cracking or losing its tenuity. The material is ly brought 
a perfect state of vitrification in about forty-eight hours from the first 
application of heat. 

here is perhaps no process of manufacture which more excites the 
surprise and admiration of a stranger than that of fashioning flint-glass 
into all the various objects of convenience and ornament for which it 
is employed. ‘To see a substance, proverbially brittle, blown with the 
human breath, pulled, twisted, cut, and then joined again with the 
greatest facility, never fails to strike with astonishment those who are 
unaccustomed to the sight. The tools with which all these operations 
are performed are of the most inartificial description, and do not appear 
to have received any improvement from the earliest records of the 
manufacture. Most articles in flint-glass, such as drinking glasses, 
cruets, decanters, phials, &c., are made by the combined processes of 
blowing, manipulation, and casting, in varying d A square 
perfumery bottle may be selected as an example of one kind. The 
workman takes a long iron tube, and collects a little of the melted glass 
on one end of it, by thrusting the tube bering: ess open door of the 
furnace into the mouth of the melting-pot; this pasty is rolled 
into a cylindrical form on an iron plate, and is pinched at one place 
to form a neck, The glass is then into a brass or iron m 
and the workman blows through the other end of the tube; the 
mould gives an external shape to the glass, while the current of 
breath hollows the interior. this is done in less than half a minute. 
The mould, which consists of two halves hinged together, is opened ; 
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Moulds for casting Flint-glass bottles, 


the glass is taken out; it is detached from the tube by a touch with 
a piece of cold iron; it is taken up on the end of a heated rod 
another workman; and by means of a few simple tools the 

and mouth of the bottle are finished. A claret-jug may be taken as 
an example of another large class of flint-glass manufactures. The 
workman collects a considerable quantity of melted glass on the end 
of his iron tube, which is raised to elongate it, rolls it into a cylin- 
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drical shape, and blows through at the other end of the tube. Another 
workman then takes it ; and by a combined process of blowing, rotating, 


Blowing for Flint-glass. 


and manipulation with small tools, the mass of glass gradually assumes 
he form of a jug, without -being cast or pressed into any mould? A 


Flint-glass working. 


small quantity of is added and speedily fashioned into a foot for 
Se tae ont toner cinllntly for the handle All these operations 


are effected with surprising quickness and precision. The glass is in 
such a medium state between solid and liquid, that while, on the one 
hand, it would drop from the tube if not kept rotating, it is, on the 
other, susceptible of being pulled, stretched, eut, pressed, and worked 
i The workman has nothing but his hand and eye to 

ide him in giving accuracy of shape to the article manufactured. 
Tho facility with which an additional piece attaches itself to and 
becomes part of the larger mass, enables the workman to supply all 


such as the stems and feet of wine-glasses, the handles and 

lips of jugs, &c. . 
Flin is used for a large variety of purposes, and many adjust- 

ments of the manufacturing processes are found necessary. Thermo- 


meter and barometer tubes are made by an operation which depends on 
the remarkable ductility of glass. A workman collects a quantity of 

; rolls it on an iron plate into a cylindrical 
form a cavity within; and attaches the other 
Two men—the one holding the tube and the 
other the rod—then walk backwards, stretching out the tube of glass 

One of the most remarkable circum- 
to) ion is, that the hollow within the 
, although the mass may be 
in length ; and the workman 
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of a slightly bluish-white glass, become artifivial pearls, by bein 
on the inside with l-essence, or essence d’Orient, a liqui 
the scales of the blay or bleak fish. The substance 
ine glass, a Venetian product, is applied to the manu- 
of trinkets and ornaments, and is named, on account of its 
to the natural crystal, avanturine. It is a yellowish-brown 
fine thin yellow laminz or scales of a brilliant metallic 
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lustre. The manufacture is not well understood in England. Some 
think that the yellow lamin are produced by melting scales of meta 
or mica with the glass; but it is deemed more probable that a salt of 
copper is mixed and melted with the glass, and that a powerful 
reducing agent decomposes this salt during the melting, and separates 
the copper in the state of thin metallic scales. Venetian and Bohemian 
glass are in general illustrations of the great diversities which can be 
produced in glass, by adding metallic oxides to produce colour, and by 
a peculiar treatment of the finishing processes; but the rationale and 
general character of the manufacture are sufficiently denoted by the 
description given above, The fanciful productions known by the 
names of Venetian ball, Venetian filagree, Milléfiore glass, Mosaic glass, 
Smetz glass, Vitro di trino, &c., are all specimens of flint-glass which 
have undergone peculiar treatment. Optical glass is mostly flint-glass, 
although the different refrangibility of other kinds leads to the com- 
bination of two or more in producing achromatic and aplanatic lenses. 
But, in truth, opticians care little about the name given to their glass; 
they have long been trying, and still are trying, to produce pieces large 
enough for telescopes of great diameter, and perfectly free from specks 
or blemishes; and if they succeed in this, it matters little whether the 
substance more nearly resembles flint, or plate, or crown glass. Mr. 
Cooper, a glass-manufacturer at Aberdeen, sent to the Scottish Society 
of Arts afew years ago two recipes for optical glass, which he had 
found advantageous. The first consisted of well-washed and sifted 
sand, 60 parts; oxide of lead, 60; purified carbonate of potash, 15; 
saltpetre, 34; and broken flint-glass, 15 to 20. Another kind, heavier 
and of ibility, was composed of sand, 60 parts; oxide of 
lead, 63 ; carbonate of potash, 14 ; saltpetre, 3} ; and broken flint-glass, 
20. In 1854, M. de Peyrony submitted to the Académie des Sciences 
a proposal for a new mode of making optical glass for large lenses. In 
the usual way, the mass of glass having been brought to a state of 
fusion in the crucible, the material is simply stirred to make it homo- 
geneous, and to drive out the included bubbles of air. But this double 
object is never completely attained ; for the stirring itself occasions the 
formation of striz, or waving lines, which necessitate the rejection of. 
a large portion of the glass taken from the crucible, as being unfitted 
for the formation of lenses. Hence the difficulty of obtaining lenses of 
large diameter. M. de Peyrony proposed to give the crucible a motion 
of rotation around a vertical axis; the centrifugal force, he suggested, 
would unite the air-bubbles towards the centre of the mass, while the 
strie made by the stirring would for the most part disappear ; those 
that remain would probably assume a circular form, and would produce 
little inconvenience, provided the optician took care to make the axis 
of the mass coincide with that of the lens. The finest optical glass yet 

roduced, perhaps, is a telescope-lens which was shown at the Paris 
Exhibition in 1855. M. Lelebours obtained the piece of glass from the 
glass-works at Choisy-le-Roi,and bestowed some months of labour upon 
it; itis 14 English inches in diameter. The French government bought 
it for what was considered by scientific men an inadequate price,— 
25,000 francs, or 10002. ; and it is-now fitted into the finest telescope 
at the Paris Observatory. At the same Exhibition, Messrs. Chance, 
the glass-manufacturers of Birmingham, brought forward, not lenses, 
but dises of glass intended for lenses, of a size never before equalled. 
The dises were made, some of flint, and some of crown-glass; 
two of them were twenty-nine inches in diameter each. Sir David 
Brewster urged the British government to purchase these discs, and 
therewith to make “the greatest achromatic telescope that was 
ever contemplated by the most sanguine astronomer ;” but without 
success, 

Flint glass, for domestic and ornamental purposes, undergoes many 
processes after the moulding and shaping; such as annealing, cutting, 
engraving, gilding, &c. The process of annealing, intended to lessen 
the brittleness of the glass, is noticed under ANNEALING. The cutting 
consists in a grinding away of portions of the glass, to produce that 
peculiar effect which is familiar to every one in cut-glass. This is 
done by means of small wheels, made of cast-iron, wrought-iron, 
Yorkshire stone, willow-wood, and other substances, Each wheel is 
made to revolve — rapidly on a horizontal axis; the edge or peri- 
phery is that part by which the grinding is effected; and different 
shapes and thicknesses are prepared to suit different kinds of work. 
The workman holds the pr decanter or other article against the 
edge of a wheel, and-modifies the position and pressure according to 
the effect desired to be produced. The iron wheels, wetted with sand 
and water, are used for grinding away the substance of the glass; the 
stone wheels, with clean water, for smoothing the scratched surfaces ; 
and the wooden wheels, with rotten-stone and putty-powder, for 
polishing. The engraving of flint-glass consists in the production of 
devices on the surface more delicate than can bt ate by the 
cutting wheel. It is effected by the use of very s dises, generally 
of copper, and moistened at the edges with emery and oil, and 
requires great taste and judgment for its due performance. The 
parti-colowred specimens of fiint-glass are produced in a remark- 
able way. The working-tube of the maker is first dipped into a 
mass of colourless glass, and then into one of coloured; the glass 
is fashioned and annealed in the ordinary way, and then it is cut 
by the wheels ; and according to the depth of the cutting or grind- 
ing, so does the workman penetrate, Menge D or quite, through the 
ge glass, giving rise to a beautiful play of tints. A different 
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method of obtaining some such effect as this was devised by Mr. 
Johnson in 1853. It consists in laying a piece of glass on another 
piece of a different colour; softening and uniting them by the heat of 
an enamel-furnace ; stamping a device on the upper surface by a die; 
and then grinding away most of the upper glass—by which the upper 
colour presents itself as a device set or incrusted in the lower. The 
in glass, or erystallo-ceramie, invented by Mr. Pellatt, consists in 
forming a small medallion bas-relief, alto-relief, or other article, of a kind 
of clay which has the property of expanding and contracting by changes 
of temperature just in the same degree as flint-glass ; this is imbedded 
in a mass of red-hot glass; and when cooled, annealed, fashioned, 
ground, and polished, the glass appears with the device in the middle 
of its substance ; the clay, under these circumstances, presenting an 
appearance almost exactly like that of unburnished silver. The gilding 
of flint-glass is effected by processes not differing much from that of 
porcelain. [Porcenary Manuracrure.] Two or three patents have 
been taken out for electro-gilding on glass: but this process has not yet 
come extensively into use. 

Artificial Gems.—Before passing to the consideration of other kinds 
of glass, we may say a few words concerning the art of making imita- 
tive gems and precious stones, which resemble flint-glass more than any 
other substance. A transparent, fusible, dense glass, called paste or 
strass, is the basis employed. To make good strass is the primary 
work to be done. There are many recipes for producing it. One, by 
Loysel, consists in using pure silica, 100 parts ; red oxide of lead, 150; 
calcined potash, 30 ; calcined borax, 10 ; and arsenious acid, 10. This 
mixture produces a glass of great brilliancy, much power of refracting 
and dispersingight (on which the flashing lustre of gems, whether 
real or factitious, so much depends), and a specific gravity not far 
different from that of the diamond ; it fuses at a moderate heat, and 
acquires additional brilliancy when kept heated for two or three days. 
Diamonds are imitated -by this uncoloured strass ; and other gems by 
mixing this strass with colouring agents. For every different factitious 
gem, there are numerous combinations known; but a few examples 
will suffice to illustrate the general character of all. Amethyst : strass, 
100 parts; oxide of manganese, 3; and oxide of cobalt, 2. Aqua- 
marine: strass, 4800 parts; glass of antimony, 30; and oxide of 
cobalt, 1}. Avanturine: strass, 500 parts; scales of iron, 100; and 
protoxide of copper, 50. Beryl; nearly the same as for aquamarine, 
of which beryl is only a variety. Chrysolite : strass, 7000 parts ; and 
calcined sesquioxide of iron, 65. Carnelian, or Cornelian; strass, 
7000 parts; glass of antimony, 3500; calcined peroxide of iron, 875; 
and binoxide of manganese, 75. Emerald; strass, 7000 parts; car- 
bonate of copper, 65; and glass of antimony, 7. Garnet ; strass, 1200 
parts ; glass of antimony, 580; purple of cassius, 3; and binoxide of 
manganese, 3. Lapis lazuli: strass, 7000 3; calcined bones, 570 ; 
oxide of cobalt, 24; and oxide of manganese, 24. The golden veins in 
this beautiful stone are imitated by painting in the composition with a 
mixture of gold-powder, borax, and gum-water, and then applying a 
gentle heat till the borax fuses. Opal; strass, 960 parts; and cal- 
cined bones, 48. Ruby: strass, 45 parts; and binoxide of manganese, 
1; or in another variety, 1 part of topaz paste, which has turned out 
too opaque, with 8 ofstrass, fused together for thirty hours, cooled, and 
fused again in small pieces before the blowpipe. Sapphire: strass, 
3600 parts ; oxide of cobalt, 50; and oxide of manganese, 11. Topaz: 
strass, 1050 parts; glass of antimony, 44; and purple of cassius, 1. 
Turquoise : blue strass, 20 parts; and calcined bones, 1. There is a 
peculiar mode of producing imitative rubies and emeralds by the use 
of a kind of alum-glass, subjected to a long and elaborate series of 
processes ; and another, by M. Gaudin, for producing imitative sap- 
phires by an equally elaborate treatment of alum and sulphate of 
potash. There are other modes of imitating gems; but we need not 
notice them here. 

Crown Glass.—This is one of two varieties of blown glass. It is 
made without any admixture of metallic oxide, and is both specifically 
lighter and much harder than flint-glass. Many receipts have been 
given for the production of this kind of glass, At the great works of 
St. Gobain, in France, the mixture of ingredients is said to be ; fine 
white sand, 100 parts; carbonate of lime, 12; carbonate of soda, 
caleined, 48; clippings of crown-glass, 100; with minute portions of 
manganese and cobalt to correct impurities, and to remove the 
colour which those impurities would impart; they are not therefore 
at all times necessary. In England the ingredients are mostly sand, 
alkali, and slaked lime, in the proportions of 200 of the first, 330 of the 
second, and 15 of lime, to which is added about half the weight of 
the three materials in broken crown-glass, called by the makers cullet, 
The perfect fusion and refining of these materials are usually accom- 
plished in about forty hours. Crown-glass is made by blowing, in the 
form of circular plates of 54 to 70 inches diameter. A quantity of 
glass in the pasty state is collected upon the end of a hollow iron tube, 
five feet long, similar to the tube used for blowing flint-glass. The 
lump of glass is then converted, by blowing through the tube, into a 
hollow globe of the requisite substance, This globe is flattened at the 
side opposite to the tube by pressing it upon a hard plane surface; 
a solid rod of iron having a small quantity of melted glass at the 
end is applied, and adheres to the centre of the flattened side opposite 
to the tube; the tube is finally removed by wetting the glass near 
the point of union, leaving a small circular hole, To arrive at this 


806 
stage the ‘glass must have been several times re-heated, by placing 
it, when connected with the tube, within a small opening left for 
the purpose in the wall of the furnace, When transferred from the 
tube to the solid rod, called a pontil, it must be again heated in 
the same manner, and is then twirled round by the workman some- 
what in the manner that a mop is twirled to drive off the moisture ; 
with this twirling the softened material is continually driven off from 
the centre by the centrifugal force; the hole just mentioned expands, 
from a few inches to a foot or more in diameter, when suddenly, 
and in a most unaccountable manner, it flies open, and the whole 
substance is converted into a flat dise of circular form, and, except 


Flashing-out Crown-glass. 


at the centre, where it is attached to the rod, of a uniform thickness. 
This flashing of the glass as it is called, is one of the most striking and 
surprising things in the whole manufacture. The centre parts are 
used for the commonest purposes, such as glazing outhouses and the 
poorer kinds of windows. As the shape of the tables or pieces of 
is circular, and as there is a bulb or bull's eye in the middle, it is 
impossible to obtain very large panes of crown-glass; and the differ- 
ences of quality are so great and so uncertain, that the best are worth 
thrice as much per square foot as the worst. Nevertheless, there is 
always a brilliancy of surface upon crown-glass, which renders it 
valuable. 

Sheet Glass.—This is another kind of blown-glass, which has become 
a very important article of manufacture in England within the last 
twenty years. Before that time, glass of a peculiar kind was imported, 
under the names of broad, spread, or German sheet-glass; but the 
sheet-glass of modern make is a French invention, and French work- 


Swinging and blowing Sheet-glass. 


men are largely employed in its manufacture, even in English eata- 
blishments. It required six years, 1832 to 1838, for Messrs. Chance and 


other manufacturers to overcome the numerous difficulties which beset 
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. the manufacture ; the difficulties were at length mastered ; and among 
other results, “ Crystal Palaces” were rendered possible. The process 


of making is from first to last very remarkable. The workman gathers 
up a quantity of the semi-molten glass on the end of a tube; rolls it 
on a coneaye block of wood to give it a cylindrical form; and then 
swings it completely round in a vertical circle, blowing through the 
tube repeatedly. A recess is formed in the floor of the building, to 
afford room for this swinging. Much bodily strength and great nicety 
are required in this operation. The hollow cylinder of glass stretches 
out by the swinging; but it must be so skilfully managed that the 
ing may occur equally in every part, bringing the glass to one 
thickness. The rotating before a fire, the blowing, and the 
until the proper thickness is attained, and 
attained the length of four, five, or even six feet. 
linder to expand, 

also. 


is expanded The cylinder, symmetrically 
shaped from end to end, is then laid down; and a diamond, fixed to 
the end of a long handle, is drawn along the interior, making a cut. 
is placed in an oven, with the cut or fissure uppermost ; 
ually opens, and flattens down to a sheet on a very smooth sur- 

face. The sheet is rubbed smoothly and evenly with a piece of charred 
wood, until as free as possible from any i ities; after which it 
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irregulari' 
annealed in another oven. Such sheets, when first made in England, 
36 by 20 inches; but the usual size now is 47 by 
and some rare examples have been- produced as much as 


in requiring no less than 38 Ibs. of glass to be taken 
SUN aetis Alls anit of the tube. Although sheetgleas, thus made, is lem 
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glass was made in sheets 49 inches by 30, from 
long by nearly 10 inches in diameter: each 
three panes, 49 inches by 10; and of these there 
000 in number, measuring 1,000,000 square feet, and weighing 
alace at Sydenham has since been glazed with 
Messrs, Ch have recently ded in 

ing and polishing sheet-glass, by which it 
ity of plate-glass with a much less weight ; 
prized by photographers. The German, or broad-glass, 
adverted to, is made by the cylinder process, like sheet-glass ; 
is clumsily-fashioned, the cyli: 
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e made by the cylinder process. 
Plate Glass.—This is both blown and cast. The first-named process 
alone employed in E until the year 1773, when cast- 


pieces can be made by this than 
The manufacture is difficult and costly. The 


D urpose of discharging colour. 

eS erred to potash or pearl-ash because the glass-that is made 

i ter when in fusion, a quality of much importance 

ies are employed for the production of the same 
acts as a flux, and is used in proportions varyi 

be es of the whole rene ee, Besides th ese 

to use a pro ion of broken 

cullet. The following is one fe many scales of 

: Lynn sand, well and dried, 720 ; alkaline salt, 

cent, of soda, 450; lime, slaked and sifted, 80; 

; broken plate-glass, 425. It requires 40 hours’ exposure to 

f the furnace to reduce the materials to the proper state 

pper ladles, to a 

high degree ; 


plate- 


eand taken to the casting-table, over the upper end 


suspended by means of acrane. It is then 
position, by which the contents are allowed 


roller over the whole 
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mass of melted glass, rendered in a high degree luminous by 

exhibiting changing colours in the sheet after the roller has 

over it; Previous to the casting, the table is placed wi 

the mouth of an annealing oven; and as soon as the 

slipped from the surface of the table to 
oven. When the oven has received as 
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plates as it will contain upon its floor, the door is closed and its 
crevices are stopped with mortar or clay, to insure the gradual cooling 
of the plates. The plates remain in the oven during a fortnight, 
after which the ovens are opened and their contents are withdrawn: 
The plates are then squared by means of a glazier’s diamond, then 
ground and polished, and when intended for mirrors they are silvered: 
In order to their being ground they are imbedded in plaster of Paris, 
To commence the grinding, powdered flint is rubbed steadily and 
evenly over the surface by machinery worked by steam power, the 
two sides of the plate being ground in succession. Emery powder 
is then substituted for ground flint, coarse at first, but finer after- 
wards, as the rougher inequalities of the surfaces are removed. The 
polishing is also performed by steam-machinery. The plates are 
firmly fixed upon large tables, and the polishing instruments, which 
are of wood covered with many folds of woollen cloth, having carded 
wool between each fold, are passed to and fro over the surface. The 
polishing substance used is colcothal, and oxide of iron which remains 
in the retorts after the distillation of acid from sulphate of iron; the 
two surfaces are polished in succession. 

The novelties introduced within the last few years in the plate- 
glass manufacture are as numerous as those which bear relation to 
sheet-glass; they have had the effect of cheapening the price and 
increasing the attainable size of the plates. Messrs. Swinburne, a 
leading firm in the glass trade, have it recorded in their books that 
their charge, in 1771, for a plate measuring 50 inches by 40, was 
611. 3s., whereas the price in 1856 was 4l. 4s. Some of the recent 
inventions relate to the form of the furnace and melting pots; some 
to the mode of tilting over the molten metal; some to the form and 
construction of the casting-table ; and some to the mode of effecting 
the difficult operation of transferring the plate of glass from the 
table to the annealing oven. A few years ago Messrs. Hawks & 
Crawshay made for Messrs, Swinburne a casting-table of extraordinary 
size; it was a solid mass of iron 18 feet 4 inches long, 10 feet 10 inches 
wide, and 7} inches thick, weighing 26 tons. A planing-machine was 
expressly constructed for planing and smoothing this iron surface. 
When the large plates of glass are annealed, the grinding and polish- 
ing begin: these processes, like all else, have been recently made 
the subjects of much inventive skill; but their details need not be 
noticed here. It is an interesting fact, connected with the history of 
the plate-glass manufacture, that the machinery constructed by James 
Watt for the Company in 1788 was still in existence, at the Ravenhead 
Works, and even in use, in 1858. 

Bottle Glass.—TVhis is the commonest kind manufactured, the alkali 
employed being the cheapest that can be procured, with the addition of 
a portion of lime to assist fusion. Considerable manufactures of bottle- 
glass are carried on at Neweastle-upon-Tyne, encouraged by the low price 
of the fuel (small coal) which is used in the furnaces, The ingredients 
are usually nothing more than lime and sea-sand, the latter article having 
been frequently wetted with sea-water, and allowed to dry, in order 
that the salt may be allowed to deposit itself in the sand; the soda 
contained in the salt is the only alkali, properly so called, that is used. 
Or, another mixture is, Tyne-sand, lime, and the refuse of the soap 
and alkali works, Bottle-glass is fashioned by blowing, much in the 


Bottle-glass makin, 


same manner as flint-glass, but with the addition of a moulding process. 
The description given in a former ph of making a flint-glass 
ees’ f bottle will suffice to convey a notion of the mode of making 
wine and beer bottles, pickle and oil bottles, &c.; except that the 
latter are made with much less nicety. Four men can make about a 
hundred beer bottles in an hour. There is a greater weight of coarse 
green bottle-glass made in England every year than of all other kinds 
of glass combined. 

Stained or Coloured Glass.—Coloured is more easily produced 
than colourless, seeing that many ni in the choice and manage- 
ment of ingredients are necessary to remove all tint from the glass. 
Nevertheless, to produce a particular colour is an art requiring much 
skill. As in the instances of enamels and artificial gems, the colours 
are mostly produced by adding metallic oxides or chlorides to the 
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ingredients for the glass. Sometimes these are put into the melting- 
pot, to make the glass equally coloured throughout its substance ; 
sometimes a coloured layer is applied to a colourless substratum. An 
example of this last-named kind has been noticed in a former - 
graph, concerning cut flint-glass vessels exhibiting a gradation of tints ; 
and flat panes of glass are produced in an analogous way, by collecting 
colourless glass on the end of a tube, dipping it into coloured glass, 
and then a into crown or sheet glass. So far as concerns 
the actual man ure of coloured glass, the np are nearly or 
quite the same, whether it be surface-colour or through-colour. hat 
is called stained or, more properly, painted glass, however, is generally 
understood to be something in which the artist is more concerned 
than the manufacturer. It is a kind of enamel painting, or enamelling, 
and is effected in the way described in the next article. [Grass 
Patino.) 

Soluble or Water Glass.—We may here add a few words concerning 
soluble glass, which is at present exciting some attention. It is a 
chemical agent rather than a manufactured product; still, it is a 
vitreous substance as soon as it has solidified. About the year 1825, 
Dr. Johann Fuchs, of Niirnberg, commenced a course of experiments 
on the production of a liquid glass, produced by a fusion of silica 
with potash and soda. From time to time the subject came under 
public notice, but not with any definite result until recently. In the 
spring of 1859, at the request of the Prince Consort, Dr. Fuchs gave a 
summary of all that he had done, in a paper read before the Society 
of Arts. He made many varieties of the liquid glass, some with soda, 
some with potash, and some with both alkalies, combined ina particular 
way with crushed quartz or quartzose sand. He had been struck with 
the possible value of these silicates as a varnish, which, hardening into 
a glass, would preserve the surface of stone from decay ; but his chief 
labours were towards the production of a new vehicle for fresco- 
painting. Meanwhile, Professor Kuhlmann, of Lille, had been engaged 
for many years in studying the action of the soluble silicates with the 
salts of lime ; and in 1857 he made known the results of his method 
of p ing, in producing a stone-protecting silicate. An English 
experimentalist, too, Mr. Ransome, was working towards the same end, 
but by a different path. He devised a mode of making artificial stone, 
by combining sandy or stony fragments with silicate of soda; and he 
also produced a vitreous varnish for the surface of stone, consisting of 
silicate of calcium instead of silicate of soda. Portions of the Louvre, 
of the Cathedral of Notre Dame at Paris, of the Houses of Parliament 
at Westminster, of the Baptist Chapel in Bloomsbury Street, of the 
Pavilion at Brighton, of the Custom House at Greenock, and of other 
buildings, have been coated with one or other of the different kinds of 
bin Be but many controversies have thence arisen, and it remains 
yet to be proved how far this kind of vitreous coating will be per- 
manently protective. The causes which bring about that decay of stone 
implied in all these experiments, are noticed under ATMOSPHERIC 
Iyrivence. Another kind of soluble glass, intended to protect wood- 
work from the action of fire, is noticed under FrrEePRoorine, 

Glass Trade, The glass-trade in its fiscal and commercial relations, 
presents many instructive features, At an early period of its history 
in this country the glass manufacture became an object of taxation, 
and duties were imposed by the 6 and 7 William and Mary, which 
acted eo injuriously, that in the second year after the act was passed 
one half of the duties was taken off, and in the following year the 
whole was repealed. In 1746, when the manufacture had taken firmer 
root, an excise duty was again imposed, at the rate of one penny per 
pound on the materials used for making crown, plate, and flint-glass, 
and of one farthing per pound on those used for making buttles. In 
1778 these rates were increased 50 per cent. upon crown and bottle- 
glass, and were doubled on flint and plate glass. The rates were 
further advanced from time to time in common with the duties upon 
most other objects of taxation, and in 1806 stood as follows :—on plate 
and flint-glass, 49s. per cwt.; on crown and German sheet-glass, 368. 9d. 
per cwt. ; on broad glass, 12s. 3d.; and on common bottle-glass, 4s. 1d, 
per cwt. In 1813, those rates were doubled, and with the exception 
of a modification in 1819 in favour of plate-glass, then reduced to 3/. 
per cwt., were continued at that high rate until 1825. In that year a 
change was made in the mode of taking the duty on flint-glass, by 
charging it on the weight of the fluxed materials instead of on the 
articles when made, a regulation which did not affect the rate of charge. 
In 1830, the rate on bottles was reduced from 8s, 2d. to 7s. per cwt. 
The next alteration made in these duties occurred in 1835, when, in 
consequence of a recommendation contained in the thirteenth Report 
of the Commissioners of Excise Inquiry, the rate upon flint-glass 
was reduced two-thirds, leaving it at 2d. per pound; a measure 
rendered necessary by the encouragement given under the high duty to 
the illicit manufacture, which was carried on to such an extent as to 
oblige several regular manufacturers to relinquish the prosecution of 
their business, Such were the variations in the rate of duty ; and the 
amount of revenue was equally errs ps In 1793, when taxation 
was comparatively low, the quantity of all kinds of glass made and 
retained for use in the kingdom was 407,203 cwt., and the amount of 
revenue obtained from it 177,408/. The average rate of duty was 
therefore 8s. 8\d. per cwt. upon the whole quantity. In 1534, the rate 
of duty had by progressive additions become fourfold what it was in 
1793, the average being 35s. 7}d. per ewt, upon the aggregate quantity 


used ; and although the population had in the mean time increased more 
than 60 per cent., the quantity of glass which was taken for use was 
only $74,351 cut a Cea anAOTA Noceieae eto tos a 1793. If the ; 
porque used in proportion to the population had continued the same, oy 
quantity would in 1834 have amounted to 663,740 cwt., anda 
revenue equal to what was realised would have resulted from an a 
average rate of 20s. instead of 35s, 7jd. al 
It was in 1845 that Sir Robert Peel took off the duty on glass. The 
effect was very marked—not so much on account of the actual duty 
thrown off, as on the removal of the exciseman from the glass-works, 
where he had beer the manufacturer in all experimental attempts 
to improve the quality and cheapen the price of the manufactured article. 
Immediately before the removal of the duty, there were fourteen __ 
manufacturers of crown and sheet- in the United Ki 3 they 
became at once overwhelmed with work. The makers neither 
buildings nor hands enough ; they built new works, and hired workmen — 
from abroad, The Frenchmen who worked at crown glass ae fs 
could command 5i. a-week ; while the makers of sheet glass earned 4/, 
to 8l. a-week. New companies were formed, and capital was thrown 
into the glass trade from various quarters, As in many similar cases, 
however, incompetence and recklessness did their work ; the trade was 
weeded in the course of a few years, and the manufacture (of crown, 
sheet, and plate) is now in the hands of a small number of iy! Ae 
establishments. The excitement in England hada remarkable in 
Belgium. In the glass factories of that country, the workmen are 
en, , not for a definite period, but for the “life of the furnace,"as 
it is called, that is, as long as the furnace remains heated. The manu- 
facturers, at the period in question, maintained the “life” of their 
furnaces as long as possible, to prevent their workmen from migrating —_—_ 
to an, ey bes fag ebicico rs. higher wages. All these matters 
gradually found their proper level ; and the glass trade is now extensive — 
and steady in England, without being disturbed by convulsive changes, 
The glass-trade, as far as concerns i a andimports, isnot one of 
distinguished magnitude. The English factories are able to 4 
most of the home demand; while they are not well able to co . 
a large export trade. . ¥ ; 
GLASS-PAINTING. The terms Painted Glass and Stained Glass 
are often used, and even by writers on glass, painting , as though they A 
were synonymous. But there is a broad distinction two, 
Stained glass, is glass the substance of which has been stained or = 
s 


coloured in the process of manufacture. [Guass MANUFACTURE] 

Painted glass, is which, whether previously stained or colourless 

has had a design painted upon it with colours, usually metallic oxides, ‘ 

combined with a vitreous vehicle, or flux ; and which colours, on 

subjected to a powerful heat, have become ently united 

the surface of the glass. Windows formed wholly of one or other of = 

these kinds of glass would be strictly either stained or painted glass { 

windows, as the case might be. In medimval examples, however, 

what are called painted glass windows are usually formed of a combi- i 

nation of stained and painted glass. 
The art of making coloured glass was known to the Egyptians and 

Assyrians, and from them to the Greeks and Romans. That 

glass was used for windows by the Romans is certain from more than 

one passage in Latin authors, and from ens of window-glass 

having been found both at Pompeii and Herculaneum. It is not 

known, however, though it is not improbable, that they their 

windows with stained glass; but stained glass windows must have 


been in use at a comparatively early period in Byzantium. Byzantine- 
Greeks appear also to have been the first foeryrroegeey of painting on 
glass; and it is conjectured, with reason, the practice of glazing 


with coloured giass in ornamental pore and the art of painting on 
glass, were both introduced into Western Europe from Byzantium, by 
way of Venice and Marseilles. The practice of ing windows sf 
stained glass arranged in patterns was imitated from the Byzantine- __ 
Greeks by the Saracenic races, and has been continued in the cities of 
the East tee the Y shee — The earliest egy op to the b= . ™ 
of stain windows in Europe appears to a o! 2 
Prudentius (quoted by Labarte, ‘ Handbook of the Arts of the Middle n 
Ages,’ p. 66) about the beginning of the 5th century; but a more 4 
distinct mention of them is made in the following century. Painted 
glass windows are not spoken of for two or three centuries , PY 
The earliest existing examples of painted glass windows w! 
Lasteyrie has been able to discover are in the abbey of Tegernsee, 
Bavaria : as! were presented to the abbey by Count Arnold in the 
year 999. Five other windows in the same abbey, painted by the 
monk Wernher, date between 1068-91. At Hildesheim there are also 
some which are attributed to one Bruno, and to the years 1029-39. 
The earliest examples in France, the country in which the art of 
glass-painting was, during its most flourishing period, with the 
greatest success, belong to the 12th century : the o! og | a mae 
sentation of the Funeral of the Virgin, in Cathedral, of the 
half of the century; the others are some ion windows of a very 
remarkable character, placed in St. Denis by the Abbé Suger in the 
latter half of the century. } 
It was in the latter part of the 12th and the 13th centuries that the 
art made its greatest advance. Painted glass windows had now come 
to be regarded as essential in religious edifices of any pretension. It 
was the period in Gothie architecture corresponding to our Transition, 
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and First Pointed or Early English styles. Thirteenth century painted 
glass windows abound in France, and are not unfrequent in Germany 
and our own country. They are of the kind known as mosaic and 
medallion windows; that is, the ground is made up of small pieces of 
stained glass of the shapes and colours requisite to form the patterns, 


-while, as it were, imbedded in the midst of the mosaic ground, are 


medallions of a circular, trefoil, or quatrefoil shape, on which subjects 
from ap gape or the lives of the saints, are painted. The ground is 
usually of a rich ruby or sapphire hue ; and a border of a playful and 


rane but it was less pure in conception, and less strictly subor- 
i to the general architectural effect. The mosaic ground is no 
longer universal ; rich red or blue damasked stuffs or diapering being 
often substituted ; and, instead of small Scriptural subjects in medal- 


f 

a single light (of the kind known as cano) WS, 
ced in the latter part of the 13th century); heraldic 
are also now introduced ; foliated ornaments and 
patterns abound, the trefoil so common in the pre- 
ceding style is seldom, if ever, seen in this ; and, instead of the graceful 


arabesque border, we find frequently a ing pattern of vine-leaves 
and grapes. Grisailles, or subj painted in gray, now first came 
into vogue. One of the best examples of English work of this period 
is the east window of Bristol Cath : other characteristic examples 
occur at York Minster; Exeter Cathedral; the of Merton College, 
Oxford; Tewkesbury Abbey Church ; Nor' Church, Derbyshire ; 
Lowick Church, Northamptonshire ; and several other parish churches. 


French examples occur in the cathedrals of Chartres, 
Evreux, Beauvais, Limoges, Lyon, Strasbourg, and Narbonne. 

In the 15th century (the period of our Third Pointed or Perpen- 
dicular Gothic) a Ag change took place in glass-painting. The 
windows became more individualised and less dependent on the 
architecture. The subjects occupied a larger space, and were treated 
more as pictures, Either each filled a distinct panel, or they were 
placed one above another without any ground to separate them. The 
mosaic pattern-work of stained was now altogether discarded, the 
whole being painted. The details are usually put in with much care, 
and very manipulation is exhibited throughout. But the colour 
is , white glass is chiefly employed, and the general.effect is cold 

comparatively feeble. Some of the examples—the earlier ones 
especially—are, however, very elaborate and impressive: of this class 
i t east window of the choir phen Minster, which 
no fewer than 116 compartments, ing a separate 
subject. This is undoubtedly the finest example of the style in 
England ; and Lastruvie says it is one of the very finest in Europe. 
It during this period that buildings and landscapes began to be 
troduced as backgrounds to the compositions. Canopied win- 
have the canopies of a very ponderous character. 
and Winchester cathedrals ; Henry VII.’s Chapel; Lincoln 
College Chapel, Oxford; Cirencester Church ; Barton Church; Ludlow 
Church, Shropshire ; and many other parish churches, possess excellent 
specimens of the painted glass of this period. Of French work, very 
fine examples are found in the cath of Bourges, Evreux, Aix, 
Mans, &. In be where painting on glass had not hitherto been 
practised with much success, many works of great ability, though in a 
pictorial style, were now executed; and th 


inters was to rival the effects of oil ar. 
were often mere imitations of oil pictures. e 
works ema rani sopied pagret ters 3 other distin- 

were ei ied or imi A jects in which 
were a multitude of personages arranged with all the elaborate artifices 
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of pictorial composition; landscapes with the effects of aerial, and 
buildings showing complex linear, perspective ; foreshortened figures ; 
the depth and obscurity of chiaroscuro,—all were attempted to be 
exhibited in painted windows, and the result was that what would have 
been impressive on’a wall or canvas, looked on glass a shallow and feeble 
transparency. We have in this country some of the least unsatis- 
joa f because among the earliest and transitionary examples, in the 

lendid series of twenty-seven large windows of King’s College Chapel, 
Cambridge (painted in 1527 and succeeding years). But in them is 
seen how entirely the true character of window painting was now lost 
sight of. The glass is treated as though it were canvas or panel, the 
picture being carried over the entire surface, without any regard being 
paid even to the massive stone mullions which occasionally cut the 
compositions in the most awkward manner. Another very superior 
example of its class is the east window of St. Margaret’s, West- 
minster. The celebrated windows of Fairford church also belong to 
this date ; bag 3 are usually ascribed to Albert Durer, but no doubt 
inaccurately, though they are of German or Flemish execution. In 
France there are numerous fine examples of 16th century windows in 
the cathedrals of Bourges, Auxerre, Auch, Beauvais, Sens, Rheims, &c.; 
in St. Ouen, at Rouen; St. Gervais, Paris; and the Sainte Chapelle, 
Versailles. The cathedrals of Germany and the Netherlands afford 
many fine examples of this period, treated, as are those of Italy and 
France, quite in the spirit and much in the manner of the contem- 
poraneous painting in oil. In many instances, indeed, the brilliant 
colours of glass were altogether neglected, the picture being a dingy 
monochrome. Several specimens, mostly of small size, of the German, 
Flemish, and Swiss painted glass of this period are in the South Ken- 
sington Museum. 

From this time glass painting fell more and more into disrepute; 
though windows continued to be painted, and some glass painters, 
especially in France, acquired a certain celebrity. But the works pro- 
duced up to some time in the present century continued to be copies 
of oil paintings, or of designs which could only be effective if painted 
in oil. What these were in our own country, even when artists of the 
highest standing were commissioned to prepare the designs, may be 
seen in the windows of New College Chapel, Oxford, pst by 
Sir Joshua Reynolds and painted by Jarvis; and of Trinity College 
Library, Cambridge, designed by Cipriani. 

The renovation of the art was coincident with the revival of Gothic 
architecture. It has since been studied earnestly by archzologists, 
and pursued zealously by a numerous body of practitioners (aided by 
the experiments of many eminent chemists) in England, France, and 
Germany; and great success has been attained in the preparation of 
the glass, and in the various technical and manipulative processes. 
Hitherto, however, little original power has been exhibited in the 
designs ; the object aimed at being mainly to produce faithful imitations 
of medieval glass, the style selected being that of the 13th, 14th, or 15th 
century, according to the taste of the artist or the desire of the patron. 

We have now to describe very briefly the method of painting on 
= Obviously this can only be done generally. The art can only 

learnt from a practitioner, and of processes so strictly technical 
even a description would be out of place here. We shall at the end 
of the article give references to technical treatises, where the several 
processes are — at length, and the various materials employed 


are ig Pare 

The step is to prepare a careful cartoon the size of the painting. 
For a small work on a single plate of glass, the glass is laid on the 
cartoon, or ona ing made yt it, and the outline is accurately 
traced on the glass with black or brown, composed of a very fusible 
vitreous flux, coloured with a metallic oxide, and ground extremely 
fine in an essential oil (tar, spike, or lavender). The parts intended to 
be yellow, orange, or red are then coated, either on one or both sides, 
according to the tint required, with a mixture composed of an alloy of 
silver and antimony ground up with the red oxide which is obtained 
by subjecting sulphate of iron to a red heat. The glass is then exposed 
in a furnace or muffle to a red heat, or, as it is termed, fired, in which 
process the tracing colour is fused, and adheres permanently to the 
glass. The mixture of silver and antimony stains the glass, but does 
not melt, so that the oxide of iron, which is in the state of dry powder, 
may be brushed off, leaving the glass coloured, but as transparent as 
before. The other colours, composed of a very fusible glass coloured 
with metallic oxides, are then added, and the glass is again fired. In 
most cases the glass is fired between the application of each colour, as 
some colours require more heat than others, In the Munich works 
the glass is often fired seven times. 

For convenience we have described the process as followed on a 
single sheet of glass; but in fact painted windows are usually com- 

of many pieces of glass fixed together in a leaden frame-work. 

or a painted window of this kind, the first step is to arrange carefull. 
from the ¢ cartoon the several compartments into which the work sha 
be divided ; and to determine the sizes and shapes ‘of the pieces of 
glass, and the direction of the lead-work, so as not to interfere with, 
but if possible to support, the outlines of the figures and the lines of 
the composition, whilst sufficient firmness is preserved to the window 
itself. a window of this kind, it will be remembered, the artist 
does not paint upon white glass merely, but as far as possible avails 
himself of glass already coloured (pot-metal as it is technically termed), 
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only in his subsequent processes modifying by shadows or siuperficial 
tints the original colours.’ Each of glass is separately painted, 
shaded, a Capated, and then fired; the tajing on of the colours and 
the firing being repeated as often as necessary. When the painting is 
completed the pieces are fixed in their leaden frame-work ; this is sup- 
ported by an arming of iron saddle-bars, and the whole is placed in its 
proper position in the building. 

In glass painting the artist bes many difficulties to surmount; and 
he can only hope to surmount them by a clear comprehension of the 
special req’ its of his art, and the adoption of a specific style of 
treatment. His work is so placed usually that it can only be looked 
at from a distance. Being a window, his painting must not obscure 
but only modify the light. He may graduate his tints, but, when in 
position, not only do his more delicate gradations disappear, but even 
the half-tints are lost, In the countenanves, refinements of expression 
are commonly valueless. The transparency of the medium at once 
refutés any close imitation of solidity in the objects. Hence the 
attempts to copy pictorial effects are always unsatisfactory. There is 
little chance of success except by unreservedly accepting the con- 
vehtionalities of the art, and treating the window as a window, and not 
as & portion of wall-surface. The subject must be conventionally 
rendered, but not necessarily, therefore, archaically ; there is no reason 
why the forms, costumes, and composition should not be as perfect as 
the artist can make them. In the colouring of the parts as well as of 
the whole, the most gem-like richness and brilliancy must be aimed 
after; and the window be rendered at once harmonious in itself, and in 
copy with the other windows, as well as with the building of which 
itisa ion. 

The following works may be consulted on the history of painting on 
glass: they will supply any further references the student may require. 
Lasteyrie, ‘ Histoire de la Peinture sur Verre d’apres des Monumens 
en France,’ 2 vols. fol., Paris, 1838-56, a very splendid and erudite 
work, in which representations in chromo-lithography are given of the 
best French examples from the 12th to the 18th century, With it 
may be compared a ‘ History of Stained Glass from the earliest period 
of the art to the present time,’ by W. Warrington, 1 vol. fol., 1848, 
which in a measure does for English glass painting what the work of 
M. Lasteyrie does for that of France; but unfortunately the series of 

-chromo-lithographic designs (illustrating the changes of style from the 
12th to the 16th en tear copies of old windows, but of windows 
painted by the author himself in imitation of old onés: many ancient 

ish as well as German and Flemish examples, however, are supplied 
in Weale’s ‘ Divers Works of Early Masters in Christian Decoration,’ 
2 vols. folio., 1846-7. In Mr. J. D. Waring’s ‘Arts connected with 
Architecture, &c.,’ fol. 1858, is given a series of examples executed in 
colouréd lithography, by Mr. V. Brooks, of stained glass windows 
in Central Italy, from the 13th to the 15th century. _ Gessert, 
‘Geschichte der Glasmalerei in Deutschland, und Niederlanden, 
Frankreich, England, der Schweitz, Italien, und Spanien, von ihrem 
Ursprung bisauf die neueste Zeit, 8vo., Stuttgart, 1839. On the 
theory and practice of the art, see ‘An Enquiry into the Difference 
of Style observable in Ancient Glass Painting, especially in England, 
with Hints on Glass Painting, by an Amateur’ (Chas. Winston), 
2 vols. 8vo., Oxford, 1847; and ‘An Introduction to the Study 
of Painted Glass,’ by the same atithor, 8vo., Oxford, 1849; F. W. 
Oliphant,‘ A Plea for Painted Glass,’ 8vo., Oxford, 1855; Latigloit, 
‘ Eesai stir lun Peinture sur Verre;’ P. Le Vieil, ‘ L’Art de la Peinture 
aur Verre et de Vitrie;’ G. Bontemps, ‘ Peinture sur Verre au dixneu- 
viene siecle’ Par., 1845; E. O. Fromberg, ‘Handbueh der Glasma- 
lerei,’ Leip2., 1851, translated into English under the title of ‘An 
Essay on the Art of Painting on Glass,’ 12mo., 1851; M. A. Gessert, 
‘Die Kunst auf Glas zu Malen,’ translated into English under the title 
of ‘A Rudimentary Treatise on the Art of Painting on Glass,’ 12m0., 


1851; Sir G. Wilkinson, ‘ On Colour,’ pp. 23-55; and for the ancient | man 


Italian method of glass painting, ‘Original Treatises dating from the 
12th to 18th cerituries on the Arts of Paittting,’edited by Mrs. Merri- 
field, vol. i., chap. iv™ 

Thére is a kind of ornamental window-glass called Matted Work, in 
Whith the glass is covered with a very fusible composition, either 
White or tinted, previously reduced to an impalpable powder. This 
Smposition is then removed from certain parts of the glass, ae 
to the réquired pattern, and, after firing, produces on the glass a du 
ey with a bright pattern. The demand for ornamental glass 

ving increased lately, several persons have attempted, some by 
stencilling, others by the a of machinery, to produce it ata 
cheap rate ; and matted work can now be obtained at one-fourth of the 
price that would have been charged a few years since. 

Andther method of ornamenting glass, rather inappropriately termed 
emborsing, consiata of a bright fants on 4 doll ground, The parts 
intended to be dull are painted over with varnish ; hydrofluoric acid is 
then poured on, which etches the glass to 4 certaifi depth. After the 
acid and varnish are washed off, the glass is ground by rubbing with 
another piece of flat glass and fine emery. This process removes 
the original surface of the glass, and produces the dull ground ; and 
the design, having been sutiken by the action of the acid, is untouched 
in the grinding proéets, and left bright, 

GLAUBER'S SALT. Pees, Soda, sulphate ¥) 
GLAUCINE, an alkaloid found in the leaves and stems of Glauciwm 


luteum. Tt forms salts with the acids, and has a bitter acrid taste. It 
occurs in the form of pearly scales. ee eee 
ee he eee 


jou! 

GLAUCOMA (from yAaveds, blue or bluish-gray) 
eye, characterised by the pupil st its nai 
resenting a clear or dull greenish hue. It was first described 
Brian, from observations made in the 


nation of the eyes of a 


The symptoms by which it is 
the brow, or across the fo: a 
colour of the Pupil, most intense when one looks directly down, into 
the bottom of the eye, where it seems almost as if there 1a: 
shining metal. The pupil is rather dilated, and the 
iris are slow. As the disease advances, the greenish 
more marked, vision more and more , and at 5 
entirely lost, the iris is quite motionless. Frequently the disease 
spreads to the lens, producing a us cataract [CATARACT], 
and sometimes is accompanied with evident inflammation of the super- 
ficial parts of the globe. 

The disease seems to dorisist in chronic inflammation of the d 
seated parts of the eye. Those of a gouty constitution, and 


those who have lived freely, and have the middle period of life, 
as well as persons of scrofulous co! ion, or who are employed in 
very delicate work, are the most uent subjects of it. It is also 
more frequent iti some countries classes than others. 


never met with a case of fluidity of the vitreous humour during iis 
long practice at Pavia; while in England such a condition is by no 
means rare in old ‘ ns. Sees says that he found glaucoma very _ 
e Jews i iu. 

On examination of the eyes thus affected, the choroid membrane is 


membrane, of a F ins i 
ro 


parts 

viewed laterally ; by the defect of vision being disproportionate to the 

change of rim of the pupil; and by the wees Baie best in a strong 
ight 


Early treatment is , and it should be actively antiphlogistic ; 
blood should be drawn from the temples, and  perenaives, mercury, and 
abstemiousness be ordered. These, if they do not Fe a stop to the 
disease, will retard its progress, and relieve many of its symptoms, as 
the headache, &. If, however, the pupil becomes quite green and the 
iris motionless, the case may be as hopeless ; for there are ho 
means known by which the changes on which these symptoms depend 


éah be removed. * ‘ 
iten ; Lawrence, On the Diseases 


(Beer, Lehre von den A 
of the Eve; Mackenzie, On the Diseases of the Bye.) 
GLAUGOMELANIC ACID (C,,H,0,, HO), an acid said to be formed 
when an alkaline solution of ellagic acid is exposed to the air. 
GLAUCOPICRINE. [Gtaverne.] 
GLAZING. This name is given to several different processes in*the 
ufacturing arts, each of which calls for a brief notice. 
1, Window Glazing.—This is the art of fixing glass in the frames of 
windows, &c. Putty, with which the glass is usually fixéd, consists of 
whiting and_li oil, As to the mode of cutting the glass, see 
Dravonb. The defective state of most skylights, hothouse roofs, &c., 
shows that the art of glazing them is v ey? ony he ee by 
those who practise it, When a skylight is glazed in the 
manner, the laps or horizontal joinings fill with water by ca 
on whenever it faitis, and the wind drives the water into the 
This process goes on as long as the shower lasts. So 
—s fibres hang down from the laps, and, acting as siph Ww 
off the water taken up by them, which then falls into the : wa 
by its dropping injures tender plants, &c. The retained water 
e 


al 
house. 


expands in freezing, and fractures the glass. , 
following remarks are the result of long peat ce 
and careful observation, The edges of the glass w aré to form the 
laps should not be eut straight, but cireular; this will 
beauty of the work, and cause the water to run down the centre of the 
openings, and not act so much on thé bars, The cutting of glass in 
hs tienen for domes and other ornamental roofs, where the 
between the bars are not pati. was formerly difficult to exe 
and expensive on account of the wasté of glass; but by a contri 
invented a few years ago, this thay now be acconiplished with -, 
expedition, and economy. he should be leas than 4 4 
an inch wide, and wholly filled a cement composed of putty with 
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405 GLAZING. GLOBE MAKING. 406 
a good proportion of lamp-black, which will remain tougher and be | same, with the addition that he was an inhabitant legally settled within 
waterproof than white-lead, carbon being much less soluble than.! the pari The Court held that the claim had no foundation in law, 


carbonate of lead. passe glaziers cement the laps by the fine when 
they are glazed, and leave a space in the centre to allow, as they say, 
the r that forms inside to run out; but the spaces thus left are large 

yugh to allow of the formation of sufficient ice to break the glass. 
Cementing is of little use if done when the work is first glazed. After 
the glazier has left his work as finished, the glass, which is yery elastic, 


glazing operations ever carried on in this country were 

at the two Crystal Palaces, Hyde Park and Sydenham. 
‘ there were 17 acres of window-glass in the roof alone, 
that in the windows. The panes or squares mostly measured 
49 inches by 10; and they were fitted into no less than 200 miles of 


h-bars. 
2. Me ing.—This has nothing to do with the fixing of glass, 
pie ones of a vitreo oie his ine me of 


metals, especially cutlery. The glazers, so largely employed 
Laie aon Gia Weeden scents aaeaet ais lllior aad akaceed 


the 


taken from a bull’s neck; or sometimes old military belts 
ibstitute. They are coated with coarse bujf of sand and 
polishing steel; and with jine buff of rotten-stone and oil for 
, horn, ivory, tortoiseshell, &c. Leather glazers 
er leather buff-wheels ; it is usually thick 
ery is attached to the surface by means of glue; 
are used for polishing various kinds of steel goods. 
po i are wooden wheels covered with soft thin leather, 
pplied with crocus, rubbed on dry; they are used likewise for 
The various leather-edged glazers used by cutlers vary 
enty inches in diameter, and from a quarter of an inch 
in width at the edge. At Sheffield, leather is tanned 
many of these kinds of glazers, with a view to the extrac- 
le of grease. Lapidaries employ wooden glazers in 
and rounded stones; these glazers are made of beech, 
gany; and emery is applied to their ed, in a 
moistened with water. In what wa: e emery 
different modes of treatment is Tained under 
relation which the of metal-glazing bears to 
ions of Sheffield goods is shown under CurLERY. 
ing—In Earruenware and PorcrLaiy, descriptions 
circumstances under which a vitreous glaze is rendered 
the surfaces of articles in baked ware; and on the modes 
heat of an oven fixes this coating when applied. We 
of the glaze itself. Most ‘glazes are white, but 
to any tint by the addition of the same kinds of 
i as are us added to enamels, Nearly all 
contain lead, Tan i when to be applied to articles which would 
A glaze without lead, for chemical vessels 
some other articles, is made of Lynn sand 47 parts, potash 38, 
lime 9, and nitre 4; these are pulverised, brought to the state 
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of a paste or frit by heat, and again pulverised. ‘One among many 
Raa Hae tet remaens corthen ware coneiste of white laed bp parte, 
ts 36, Cornish stone 16, and ground flint-glass 5. A glaze 

porcelain consists of felspar 27 , borax 18, fine sand 4, nitre 3, | 
ee tes Connie 2 He whale bring mizas, ground, hosted to 
a fri pulverised, and finally treated with a small addition of | 
calained bore. A glaze for painted stone-ware consists of felspar 26, 
soda 6, nitre 2, and borax 1; when these have been fritted together, 
they are added to a mixture of red lead 50, white lead 40, and ground 
oe 12. All these various kinds of , when prepared, and about to 

water 


H 
7 


used, ae ground to ; mixed with to a smooth | 
into h the ware is dipped. In some few cases, the 
Fe ek at eee ce wekled on it in the form of 

ys Ju tidied i the operation. on 
are 0 processes of glazing in arts, which consist 
more than the application of a varnish or glaze of white of 


( G, [Eartmenwarg; Porcetary.] 
; ING. The practice of gleaning in corn-fields what the 


& 

> 
e 

rf 


? 


fee herent leave behind ay to be a legal 
\ owner or occupier has no right to pro- 
Mies He poor who eater » Seid foe this ip 

trespass.” act: has, however, heen to be i | 


being necessitous, and indigent person ¢ 
's close tues and in the second the defendant’s plea was the 


Nand that, “it was a practice incompatible with the exclusive enjoy- 


ment of property, and was productive of vagrancy and many mis- 
chievous consequences.” (1 H. Bl. Rep.’ 51.) 

GLEBE LAND, the portion of land belonging to a parish church 
over and above the tithes. If there be both a rector and a vicar, the 
glebe land in the occupation of either does not pay tithes, though if in 
the occupation of a tenant it does. The representatives of a deceased 
incumbent are entitled to the corn sown by him upon the glebe. Various 
statutes have from time to time been passed to facilitate the exchange 
of glebe lands, which are often scattered in small parcels in different 
parts of the parish. It is doubtful whether a parson may open mines 
upon his glebe, though he may work any that are open. 

GLEE, in music, a vocal composition in three or more parts, any 
instrumental addition to which is absolutely illegitimate, because 
pernicious in effect; except in the case of unsteady performers, when 
the use of a piano-forte, gently touched, is yiniene. as an evil of less 
magnitude than false intonation and broken time. The word is 
derived from the Anglo-Saxon zlizz (gligg), which signifies music 
generally ; hence the term Serious Glee may possibly not. be so gross a 
solecism as is commonly supposed; though it must also be admitted 
that the word usually implied cheerfulness; and we are told by 
Warton that gleeman (zligman), answers to the Latin joculator. 

The glee is of English growth, though the madrigal seems to have 
been its parent. The term is confined exclusively to this country, and 
does not appear to have been employed till towards the latter part of 
the 17th century; but Dowland, Ford, Ravenscroft, and others, pub- 
lished nearly a hundred years before big aan haying all the cha- 
racter of that which subsequently took the name of Glee, frequently 
calling them part-songs, and occasionally applying the term madrigal 
ei an, notwithstanding their deficiency in what chiefly characterises 

tter. 

Glees are called serious or cheerful, according to the sentiment of the 
poetry. The most distinguished authors of this delightful species of 
music are—(mentioning only those who now are personally beyond the 
influence of praise or censure)—Arne, Baildon, Callcott, Cooke, Danby, 
Ha: ee, Mornington, Nares, Paxton, Spofforth, Stafford Smith, Stevens, 

ebbe. 

GLIADIN, Glutin, a peculiar azotised vegetable matter which exists 
in small quantity with the gluten of wheat, and to which the adhesive 
properties of the latter are owing. It may be separated by boiling alcohol, 
together with a thick fluid oil which is separable by ether. Gliadin 
is adhesive, insoluble in water, when dried it is h and translucent 
like horn; it dissolves in acetic acid'and solution of potash, In com- 
position it scarcely differs perceptibly from gluten, It contains in 100 


parts,— 
Carbon . . ° . . 53°27 
Hydrogen — A ; 717 
Nitrogen . x ° . ; 15°94 
Oxygen and sulphur . . . 23°62 
100°00 


GLOBE, the common term for a sphere, but most frequently used to 
signify the earth itself, or the sphere on which a representation of the 
earth or heavens is drawn. 

GLOBE MAKING. This special department of industry is one in 
which few hands are employed, for the demand is limited; but it 
ee aid considerable tact and experience. Most English globes are 
hollow pasteboard balls. A wooden or iron mould is first formed, with 
wires projecting at opposite sides to represent the earth’s poles. 
Several layers of long strips of paper are then pasted one over another 
on the mould, the undermost not being pasted to the wood or iron, but 
kept down close upon it. ‘These layers may be from four or five to a 


| dozen in number. When dry, this pasteboard envelope is cutin the . 
| line of the (future) equator, and is separated from the mould or ball 


in two hemispheres. These are fastened by nails to the two ends of a 
piece of wood exactly equal in length to the diameter of the globe; 
and the edges of the hemispheres are glued together, so as to form a 


| pasteboard sphere. T'wo wires, projecting from the two ends of the 


piece of wood, penetrate the pasteboard, and form the termini of the 
axis of the globe. The pasteboard is then coated, six or more times 
over, with a composition of whiting, glue, and oil, until a considerable 
substance has been laid on: each layer being dried before the next is 
applied. At this stage of the manufacture any irregularity in the 
rotation of the globe on its axis is remedied, by increasing the thickness 
or the weight in particular parts. The plaster surface, when made 
quite smooth, is then marked with lines to represent the circles of 
latitude and longitude; this is done by women, who use a beam- 
Meanwhile the eager has been at work, 

is to cover the globe ; 
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GLOVE MANUFACTURE. 


pieces are pasted, and laid on with great care—the lines marked on the 
plaster being taken as guides. Much skill is needed to effect the 
necessary junction of the edges without overlapping. The globe is 
then coloured, to mark the divisions of land and water, &., and is 
next coated with several layers of varnish. There is thus a 
hollow globe of pasteboard, coated with piuster, covered with printed 
paper, and finished with water-colour and varnish. The graduated 
meridian rings are made of brass or of iron. The “ poling of the 
meridian,” or adjustment to make the globe revolve truly, follows ; 
and then comes the cabinet work of fixing the globe to its frame or 
stand—an engraved annulus or ring of paper being prepared to cover 
the representative horizon. 

The same principle of manufacture is followed, whether the globes 
sell at six shillings or fifty guineas a pair. Small German globes are 
now imported, however, as low as sixpence each ; and it is probable 
that some more rapid method is adopted for their production. Some 
of the English globes are as much as 36 inches in diameter. Some, of 
large size, contain not only the ordinary delineation, but also show the 
geological structure of the earth, atmospheric currents, trade winds, 
monsoons, ocean currents, isothermal lines, and trade routes. A 
celestial globe has been made as much as 72 inches in diameter, but 


GLOVE (from the Anglo-Saxon glof), a cover for the hand. 
Casaubon asserts, with reference to a in Athenwus (xji. 2), that 
the ancient Greeks and Romans knew of no such covering for 
hands; though he shows that they were in use among the Romans in 
the time of Pliny the younger. The Persians used gloves in cold 
weather, a circumstance them as a proof of their 
luxurious habits, Xenophon, ‘ ; viii. 8, 17. 

In England the etymology of word shows the early use of gloves. 
With kings, nobles, and tes in the Middle Ages they were a costly 
article of dress, and richly decorated, being sometimes, particularly 
those of bishops, adorned with precious stones. 

While the spirit of chivalry lasted, the glove of a lady, worn in the 
helmet as a favour, was a very honourable token ; much of the 
wearer’s success was supposed to be derived from the virtue of the 

The practice of wearing a glove as a favour is mentioned by 


lady. 
Hall in his ‘ Chronicle,’ in the reign of Henry IV., and frequently _ 
ares’ i 


among our old dramatic writers. 's ‘ Glossary,’ in voce. 

At what is called a maiden assize, or when there are no prisoners to 
be tried, it has from time immemorial been the custom for the high 
sheriff to present the judges with white gloves. Formerly on an 

lication for the reversal of an outlawry, the defendant was o 


with the delineations written or painted instead of engraved. Slate 
lobes are made, for school use, with only the lines of latitude and 
iongitude marked. Some globes are made with the land portions 
shown in relief ; these require a process of embossing by stamping. 
Embossed globes of this kind are made to show approximately the 
irregularities on the moon's surface, Mr, Adams makes globes of 
gutta percha, which can be taken to pieces for convenient packing, or 
for instruction in putting them together again. He has also invented 
a globe in which the terrestrial and celestial spheres are superimposed 
one on the other—but to the disadvantage of both. Ziebermayer of 
Vienna makes globes in which a small terrestrial sphere is inclosed in 
a glass sphere marked with the coristellations, &c., with mechanism for 
showing the places of the sun and moon among the stars. Globes 
have sometimes been made of tissue paper, inflated by air to a 
diameter of ten or twelve feet, and suspended by a string from the 
ceiling of a school-room or lecture-room. Betts’s smaller paper globes 
are so constructed as to fold up conveniently into a very space 
when not in use. Messrs. Goodyear manufacture globes of inflated 
india-rubber, or silk coated with india-rubber solution. The globes 
which have been made large enough for persons to enter withinside— 
such as Guérin’s Georama, 30 feet in diameter, and Wyld’s Great 
Globe, 60 feet in diameter—are examples of building rather than 
of globe-making. : 

The engraved paper surface of one of Addison’s 36 inch globes was 
made use of by Professor Rigaud, of Cambridge, for determining the 
relative quantities of land and water on the earth’s surface. The 
paper was selected with especial care; the printing was effected with 
as little ink as possible; the drying and cutting out were well attended 
to; and the pieces were weighed in a very delicate balance. Halley 
and Long done the same thing with smaller globes long before ; 
but Rigaud’s process was in every way more trustworthy. On all 
globes the Arctic and Antarctic positions are necessarily left very 
vague ; and the professor could only make guess-work of those regions. 
The result of a very laborious examination was, that if the earth’s 
surface be divided into 1000 equal parts, 266 of these are dry land, and 
734 water. The 266 are thus distributed :—Europe and the adjacent 
islands 16}, Asia 89, Africa 594, America 85}, Australasian group 15}. 
In another mode of grouping, the northern hemisphere comprises 197 
land and 303 water: the southern hemisphere 69 land and 431 water. 

GLOBE OF COMPRESSION, a name given by Belidor to over- 

mines, that is, producing anything over a two lined crater. 
[Mive.] Such mines have been used by the besiegers of a fortress to 
destroy the galleries of the counter-mines, and blow the wall of the 
coun into the ditch, They were first employed by the king of 
Prussia, in 1762, at the siege of Schweidnitz. 

GLOBULAR PROJECTION. We believe this term has been 
applied to more than one species of map, but particularly to the 
projection proposed by Lahire, in which the eye is supposed to be 
distant from the globe represented in whole or part by one half of the 
chord of an are of ninety degrees. is projection gives but a small 
distortion, compared with that of the stereographic projection; it is 
however very rarely employed, on account of the projections of most 
of the t circles being ellipses. 

GLOBULAR SAILING. [Great Cincie Sarina. ] 

GLOBULIN, an albuminous substance contained in the blood- 
globules, united with hematin, the colouring-matter of blood, It is 
contained, also, in the crystalline humour of the eye. Its aqueous 
solution coagulates at a higher temperature than that of albumen, It 

a slightly alkaline reaction, and in other respects greatly 
resembles albumen. It is composed of,— 


Carbon . . . ‘ . . - 545 
Hydrogen « ° . e ‘ » « 69 
Nitrogen . . ° ‘ . ° + 165 
Sulphur . . . . 3 
Oxygen . e « 21°8 

100°0 


to appear personally in court and present gloves to the judges. Gloves 
are not worn in the presence of the sovereign. 

In former times it to have been a general custom during 
fairs to hang out a glove from the town hall or some other conspicuous 
place, and it is said that whilst the glove remained suspended, all 
who visited the fair were privileged from arrest. The taking down of 
the glove was the signal that the fair was closed. (See instances and 
authorities collected in ‘ Notes and Queries,’ vols. vii. and viii.) 

At the sale of the Earl of Arran’s goods, in the month of April, 1759, 
the gloves given by Henry VIII. to Sir Anthony Denny were sold for 
381. 17s.; those given by James I. to his son Edward Denny, for 
221. 4s.; and the mittens given by Queen Elizabeth to Sir Edward 
Denny's lady, for 257. 4s, pores : chr. Mon., i. 185, says, “ These 
may be supposed some of the oldest gloves extant.” ae 

0 throw the glove by way of challenge to duel is mentioned in 
Matthew Paris's History, under the year 1245. He calls it mos 
Francorum. Throwing down a glove as a challenge by the royal 
champion was a part of the coronation ceremony as late as the 
coronation of George IV. : 

GLOVE MANUFACTURE. Gloves are made at the present day 
of a great variety of substances,—kid, lambskin, buck, be ies. jo. 
and other kinds of leather ; together with silk, flax, cotton, and e 
mixtures of two or more of these. Some are known by names which 
do not denote the materials used, such as Limerick, Berlin, Woodstock, 
Kendal, Yeovil, &c. “ Habits,” or habit gloves, are ladies’ short gloves; 
the name being derived from the gloves formerly worn by ladies on 
horseback, at a time when long gloves were worn with walking dress, 

The following observations on the istics of the chief kinds 
of gloves, in a manu ing point of view, are mostly condensed from 
Mr. Perkins’s useful little volume on the subject. Kid is valuable for 
gloves in proportion to its elasticity ; when it is both elustic and close 
in texture, it is employed for the best “ town made” gloves, which are 
equal in quality to the best French. Most of the so-called kid gloves 
sold at a low price are made of lambskin ; the leather is always thicker 
and heavier real kid. It is only the very best English kid gloves 
which are equal to the French; and as the latter have a good name in 
the market, there is much deception tised. Three-fourths of the 
real kid gloves sold in England as “ ch,” are made in’ , of 
kid skins ined from France, Italy, and Ireland. Limerick gloves 
are ene? kind of kid, and are mostly worn in Ireland. Buckskin 
is a close-grained and very pers Say “ed for gloves; it has a little 
elasticity, and bears cleaning Sheepskin gloves are generally 
= = areweee for a3 —_ Tan gloves are cheap and service- 

e articles of a tan colour, for gardening, riding, and driving; the 
top is finished by a cuff formed by reversing the face of the leather. 
Beaver is an inappropriate name for the commonest kinds of leather 
gloves, mostly dyed . Woodstock is a kind of superior beaver, in 
which much attention is paid to cut and sewing. Doeskin is a 
more substantial, durable, and soft leather than that employed for 
beaver or Woodstock gloves, Silk gloves are classed in quality partly 
according to the weight of silk, and partly to the neatness of the 
sewing. About the time of the Great Exhibition, silk gloves were 
introduced, cut upon the same principle as kid gloves; and these have 
since been much sought after, as presenting a better and neater fit 
than the general kinds of textile gloves, Berlin gloves were originally 
imported from Berlin ; then from some parts of Switzerland: but now 
they are largely made in England, where they are to be 
very superior to the cotton gloves which they superseded, Thread 
aoe are made of flax, hemp, and cotton, according to their price and 
quality. 

So far as concerns the English glovers as a body, Ag wees in 
London they were incorporated by Charles I. in 1638, although they 
had long before formed a guild among themselves, The guild, as in 
nearly all cases, sought to create or maintain a monopoly; and the 
charter enabled them to do this. Deer and sheepskin gloves were 1 
kinds chiefly made in London at that time; but after the introducti 
of kid gloves into England, the London makers took up that branch, 
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and have ever since conducted it more successfully than the glovers of 
of England. Worcester has produced gloves for nearly 
hundred years; first of the beaver, or oil-leather kind, and then 
of the tanned or alumed leather, of which kid is an example. At 
Woodstock gloves have been made ever since the time of Queen 
udlow, Leominster, and Yeovil, are other towns in which 
b es are made. The introduction of knitted or looped fabrics 
for , similar in texture to hosiery, has had the effect of removing 
mi of the glove manufacture to the couuties of Nottingham, 
Leicester, and Derby, where such fabrics are mostly made; this 
tion of French gloves on the lowering 
of reducing the manufacture of leather 


The economy of the glove manufacture is 


ly somewhat as 
follows. Taking Wi 


‘orcester, The dressed skins are cut out in workshops, either by the 
shears and guide- wae Bet Berean. machines of quicker action. 
umb- 


‘ villages intervals, 
be made up, take away the gloves which have been since the 
fast visit, and y for the labour bestowed upon them: there may be 
Seiachanent th-w-dow: Gf the-villeges, enth of which is the 
of a district of glove-sewers. The sewers use a clasp or clam, 
which is held between the feet and knees, and which clasps the leather 
or leathers while being sewn; in some cases the sewer is aided by a 
notched plate, for ensuring regulari 

girls confine 


e3 
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Es 


r; some work the ornamental 


here finding 
their way into the glove-trade; but it is only a portion of the work 
which can be done by their aid. . 


GLUGIC ACID (C,,H,,0,,,8HO); Kalisaccharic acid. Glucose, or 
bases, definite combinations, termed glucosides. 

ithin a short time after the formation of such compounds their solu- 
tions are decomposable by a current of carbonic acid with separation 


of unaltered sugar ; but even at ordinary temperatures they soon begin 
to undergo j the liquid, at first. powerfully alkaline, becomes 
neutral, and a of strongly aci remains in combi- 
nation with the base. To this substance is given the name glucic acid. 


lucinum 

it by 
presses Soca of glucinum. Obtained in this mode, glu- 
cinum is a of a deep gray colour, which is very difficult of 


of ammonia being expelled by heat, pure glucina remains. 


Glucinum combines readily also with chlorine, iodine, bromine, 

sulphur, &e. 

ride of glucinum (GI,Cl,) is obtained by cautiously evaporating 
a solution of glucina in hb loric acid. The residue is colourless, 
sweet, very fusible and volatile, and sublimes readily in white brilliant 
needles ; it deliquesces in the air, and dissolves largely in water with 
the extrication of heat. When procured by evaporation, it is a gummy 
mass, which contains water, and when heated in the air is decomposed 
into hydrochloric acid and glucina. 

Sulphide of glucinum is formed by heating the metal in the vapour 
of sulphur. Much heat is given out, and a gray sulphide of the metal 
is obtained, which is soluble in water and decomposed by acids, with 
the evolution of hydrosulphuric acid. 

The salts which glucina forms with acids are not important; we 
shall therefore mention only their general properties. They are all 
colourless, except the chromate, which is yellow; the taste is sweet, 
and hence the name of the earth, and slightly = With potash 
and soda they give a white precipitate of hydrate of glucina, which an 
excess issolves; but ammonia in excess does not re-dissolve the 
hydrate. The carbonate of ammonia in excess re-dissolves the pre- 

pitated carbonate, and so also do, slightly, the carbonates of potash 
and soda. Neither ferrocyanide of potassium nor tincture of galls 
ives any precipitate. With fluoride of potassium there is produced a 
uble salt, which ises in small scales, provided the solutions 
are hot, and the admixture is continued till the solutions begin to be 


GLUCOSE. Mi spot 

GLUCOSID A number of vegetable substances which yield 
sugar under the influence of various chemical agents are compre- 
hended under this term. The following isa list of the b@st known 
glucosides :— 

Phdoridzin (C,,H,,0., 4Aq.), when boiled with weak acids, is 


decomposed into grape-sugar and a resinous matter named phloretin :-— 
CyoHa O29 4 4HO = CygH,40,, + CyoHi 419 
esse —S——Y Neen pened? 
Phioridzin, Grape sugar. Phloretin. 


Quercitrin (C. 0.9 + 2Aq.) is transformed into quercetin and grape- 
sugar when tea with dilute sulphuric or hydrochloric acids :— 
C36Hy 5% + 4HO = ©, 2H, 491, + Cy,H,019 
Quercitrin. Grape sugar. Quercetin, 
Arbutin (C,,H,,0,,), under the influence of synaptase, yields grape- 
sugar and arcturin ;:— 
CyoHg.0,9 4 2HO = Cy,Hy 90, + C,2H, 4014 
— SY ee 


v 
Grape sugar, 


Esculin (C,oH,,0,¢), when digested with synaptase or boiled with 
dilute acids, yields esculetin and grape-sugar :— 


CyoHy499, + 10HO = C,,H,O, + 2(C,.H,,0,,) 

“4 ene ee 

Esculin. Esculetin. Grape sugar. 
Descriptions of these glucosides are given under their respective 


Arbutin, Arcturin, 


names. 

GLUE, [Genatine.] 

GLUT is the name given to the viscid, sticky, and more or less 
elastic substance that remains when wheaten flour, inclosed in a bag, 
has been well kneaded under water. It is exclusively a vegetable pro- 
duct, is a characteristic ingredient of all the cereal grains, but is 
notably contained in wheat and rye. 

Gluten plays an bag, Nar part in the manufacture of bread, a 
portion of it inducing alteration of the starch and subsequent fermen- 
tation, while another portion, on account of its elastic property, admits 
of the expansion or rising of the dough, and by its adhesive property 

i preventing the expanding gas 


ives permanence to that expansion 
Fron escaping. [BREAD. 

As an article of food, gluten is a nutritive or flesh-forming material, 
containing about 16 per cent. of nitrogen; and as large quantities of it 
are produced in the manufacture of wheat-starch, it has; under various 
forms, been introduced as an alimentary substance. (Gluten bread, 
given to diabetic patients; may be readily made. Gluten biscuits, also 
have been proposed; and a kind of maccaroni or vermicelli, similar to 
the Italian pastes, was sometime since introduced into commerce. 
Semola is, essentially, wheat-flour from which a large proportion of the 
starch has been washed, and the residue dried and granulated. 

Gluten is not a single definite body, but contains four distinct prin- 
ciples,—glutin, v ble fibrin, vegetable casein, and an oily matter. 
[Freein; Guraprn.] Gluten is soluble in cold acetic acid and weak 
alkaline solutions; from these liquids it is again precipitated on care- 
fully neutralising. The mineral acids form compounds with it. In 
the dry state it forms a brown horny-looking mass, that may be 
preserved for any length of time; but in the moist condition it rapidly 
putrefies, 


4 GLUTIN. 


GLYCERIN, 


GLYCERIC ACID (CulHs0,). This body was first discovered by 
Debus, who obtained it oxidation of glycerin by means of nitric 
acid. One part of mixed with its volume is placed in 


: 
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preciaiscerain nur The Hguid ia again A 
es, e is 

ime removed by carbonic acid, and Liquid er 
tallisation. 


The acid is obtained by precipitating the lime-salt with oxalic 
and e ing the filtrate in the water bath. In its state 


ih 
He 


| 


Fre 


derived from in in 
Wage de 


C,H,” C,H,” 
Hj, Jo, So 
Alcohol, Glycol. Glycerin. 
CHsOs}0,  (CalisOe)" Vo, (slH20.)" Lo, 
esr ——~ ‘ i J ‘ gf 2 
Acetic acid. Glycolic acid. Glyceric acid. 


According to this view of its constitution, glycerie acid is tribasic. | when 


But the salts of glyceric acid, as far as they have been examined, are 

monobasic. In order to decide the question as to the basiscity of 

glyceric acid, the ethers and the amides ought to be investigated ; until 

this is done, the formula may be written (CoMA%") '0, although it 
~ 3 

must be confessed that at present this view is nothing more than a 

probable hypothesis. : 

GLYCERIDES. (Grycerr.] 

GLYCERIN (C,H,0,), Hydrated owide of lipyl, This substance 
was discovered by Scheele in 1779, who obtained it in the preparation 
of lead plaster. He named it, “ sweet principle of oils,” from its sweet 
taste. 4g 7g wage La its properties were more accurately studied by 
Chevreul in his classical mang on the chemical history of 
bodies of fatty origin, and by Pelouze. Recently Berthelot and De 
Luca have greatly extended our knowledge of this substance. 

Most of the fats and oils of the animal and vegetable kingdoms 
have a constitution analogous to that of the compound ethers,—acetic 
ether, for example, When that substance is treated with alkalies it 
assimilates the elements of water, forming an alkaline acetate and 
alcohol. Oils and fats in like manner undergo by the same treatment 
a similar change. They assimilate the elements of water, glycerin is 
set free, and a salt of the acid, previously in combination with glycerin, 
is formed. On this decomposition the methods of preparing 4 heme 


are based. 
Glycerin may be prepared by saponifying oils with oxide of lead : 
equal parte of olive oll and. of ely powdered litharge are mixed in a 


basin with water, the mixture h to for some time, and 
continually stirred, water being added to replace that which 

Insoluble lead salts (in this case, the oleate and stearate of lead) are 
formed; warm water is then added, and the aqueous liquid decanted, 
Seiad, sad seiphonatied Seieans pales h the filtrate, in 
ie ees te ibe quantity of oxide of lead, which dissolves, 
The filtered liquid is then evaporated in vacuo, or over the water 


Glycerin is also obtained as a by-product in the manufacture of 
candles, in which case, the saponification is effected by means 


into their constituents—the 
gh acl hy ta Both distil over, and i 


y 
; 
3 


Pure glycerin is a colourless, viscous, neutral, inodorous liquid, 
with a sweet taste, from whence it derives its name (yAv«ds, pec 


Se a oS ee Bes y, and almost 
It is miscible with cater oad alenhcl is Gipmineations, bes te 
insoluble in ether. It attracts moisture from the air, and becomes 


more lim; Concentrated as far as possible in vacuo over —". 
ela bh be the « gr. 1°285 at 159° Fahr. aie in mone ove Se se 
only to. distil at 518° Fahr. When its aqueous 
pp lap age yt < arent ope chp pen Pe na 

Pasteur has found that glycerin aavnes © 9 teneyied Lene 4 
ek eee eapesialiy in eas; Its quantity amounts to 3 per cent. : 


of inflammable gases, acid, and acrolein, Derivatives of 

cerin also, such as the natural oils and fats, by destructive 

yield acrolein; the characteristic odour of which readily indicates the 

Prfixed with platinum blcck and placed in oxygen, glycerin absorbs ’ 
wi . a bes 

lange quantity of this gas, with the formation vesti- d 

Oe ot, eae ich are ' 


According to Berthelot, glycerin passes by fermentation into aleohol, 
wets nuh tec mak he ahead oi ane el f 
When elyoria hep ire berg? potash or soda, it is 
gently oes or 
beration 


convene ete enna Sree yor atone. Acro- 
- 7 ‘ 
oa er tt a 
contact y id, i : 
strongly heated, acrolein is disengaged ; rag ier the case 
when it is distilled i of potash. . 
nitric acid converts glycerin . 


‘nite and solghanto it - 


wers, 

eventually 

factures. A few of its applications may be 
It has been used to-preserve articles of food, botanical and zoological 

preparations. When added to confectionary wares, preserved fruits, 

and_, chocolate, it serves to prevent them from becoming dry. It 

serves a similar in the manufacture of tobacco and snuff. The 


"dee, and constitution of glycerin.—The glyoerides 


com- 


. . 2 
iny tion of stearin, found that the quantity of stearine, which in 
Pan : ly f third 
, Berthelot succeeded in 


2 
E 
: 


could be made to combine with in three different proportions, 
with elimination of the elements of water, and he characterised 


acid bears to 
Ordinary alcohol we may consider to be derived from the type of a 


double atom of water fF }0, by the substitution of the monoatomic 
radical ethyl for an atom of 


: 
E 


hydrogen ; and a compound ether is se 
in which another atom of is b ( 
ee eee * hydrogen _ eke by ae 


ace ou CH 

1} fo Cio, }% 
ee helenae? ores sei 
Water, Alcobol, Acetic ether, 


Be Wks sanaent we ina consider gira Da errs ene 
of three double atoms of water substitution of the teratomic 
ical C, H,’” for three atoms of h Thus :— ‘ 
H C,," . 
it }% ‘ty 4° ap 
hnsaae , 
3 atoms of water. Glycerin, a 


be 


? 


GLYCERIN. 


This view of the constitution of glycerin is supported 
shook 08 Waele ta witehs he tesosdeh tn Obtain wigcatte ertdhicel'y. 
By the action of terbromide of allyl, C,H,’” Br,, on acetate of silver, 
pa 8 a which has the composition and all the properties of 
i When this body is decomposed by water, acetate 


of baryta and glycerinare formed. Terbromide of is not a deriva- 
tive of glycerin, it belongs to the allylic alcohol series. The following 
re-actions exhibit the change :— 
C,H,” C,H,0 2 C,H,” 
“Bry } + Ae ne} 2 =) Sg (6,ti404)5 
es —-_——— 
Terbromide Acetate of Bromide Triacetin. 
of allyl. silver, of silver. 
C,H,” y C,H,” C,1,0 
(Gutf,0,), fe + BeOHO = “He” fo, + 2(%HEs }0,) 
Ae ee 
Triacetin, Hydrate of Glycerin. Acetate of baryta. 


Yn alcohol there is only one atom of hydrogen replaceable by a 


radical to form a conspound ether. Seatac there are three atoms 


—ao accordingly we may have three series of 
(¢,H,)” CA 
4%. : fo fo, 


classes are represented by compounds, some of which 
1 constituen' 


(CoH) 


R R 
ii R 


from their 


(C,H C,H,)”" C,H,)” 
te” bo, (Cos) lo, (Coy) Jo. 
H R 
se a ctconal g ter Promega pete toes te 
atoms of hydrogen are replaced by 
radicals, or by a biatomie radical, or by a ter- 
atomic radical, where k” and r’” are respectively biatomic and teratomic 


radicals. 

The natural glycerides have been named by adding to an abbrevia- 
tion of the name of the acid, Paredes din Sag have stearin, 
The artificial ee eee in accordance with this 

mono-, di-, tri-, ively the 
Sialomeiadiotenr’ tadstaees 


C,H,” - 
(CoH 5%»)? }ou 


C,H,” C,H,” 

(Cya,0,) lo, (Cy lfs5 05)? fo. 
2 H 

- Tristearin, 


Distearin. 


: 


g 

g 
i 
i2 
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Fabr. In 
place at 212° Fahr.; in others the tem- 


527° Fahr. 
obtained by the above com- 


heating 
a temperature of from 464° Fahr. to 


of acid 
cases the ides may be obtained by saturating a mix- 
of fad the acid with hydrochlorie ecid; end Meaning to 


combination of glycerin with the acid takes place with the loss 


| 


HH 
i 


_ 
i] 


ve 


by an experi- 
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of water—a double atom of water being separated for every equivalent 
of acid. us — : 

C.H,O, + C,HiOQ, = 2HO + 0,,H,,0, 
eye eH — 

Glycerin. Acetic acid, Monoacetin. 
CoHg0, + 2(C,H,O,) = 4HO + C,,H,.016 
| See ae) 

Diacetin, 

C,H,O, + 38(C,H,O,) = 6HO + C,,1,,0,, 
WS 

Triacetin. 


Besides combining glycerin with the fatty acids, Berthelot has ob- 
tained combinations with the mineral aci A brief notice of the 
pe B and nitric acid compounds will be given here ; and most 
of the glycerides will be described under their respective heads. But 
for further information on the subject, the reader must be referred to 
the original papers of Berthelot which have appeared in the ‘ Annales 
de Chimie et Physique,’ vols. xli and xliii. 

Glycerin forms with hydrochloric acid three combinations, which 
ten been named monochlorhydrin, dichlorhydrin, and_ trichlor- 

C,H,” 
Monochlorhydrin (c4H,010,- a O, ) is obtained by saturating 


ycerin with hydrochloric acid gas, and maintaining the solution for a 
Ey time at a temperature of 212° Fahr. It is then neutralised with 
carbonate of soda, and agitated with ether. On evaporating this solu- 
tion, the body is left as a neutral oil, of a fresh and ethereal odour, and 
a sweet but it taste. It is miscible with water and ether. Its 
density is 1°31, and it boils at 441° Fahr. Monochlorhydrin acts on 
ammonia, and forms the hydrochlorate of a base which Berthelot 
names glyceramine. 


C,H,0, 
C,H,0,,cl + NH, = N H + HCl 
a) 
Monochlorhydrin. wey 
q Hydrochlorate of 
glyceramine, 


C,H,'” 
Dichlorhydrin ( C,H,C1,0,= = to.) obtained by exposing a 


mixture of glycerin with ten to twelve times its bulk of fuming 
hy loric acid to a temperature of 212° Fahr. for several days. It 
is purified like bes nba compound, It has a strong ethereal 
odour ; dissolves ily in ether, but with ter difficulty in water 
than monochlorhydrin. It boils at 352° It is decomposed by 
alkalies into chlorides and glycerin. 


Trichlrhydrin, CyH,Cl, = “es” }) obtained by treating dichlor- 
hydrin with pentachloride of phosp! 3 it is a neutral liquid, boiling 
at 311° Fabr, 

The formation of these ethers may be thus expressed :— 


C.H,0, 


r 


+ Hel C,H,0,cl + 2HO 


Glycerin, Monochlorhydrin, 


C,H,0, C,H,0,cl, + 480 
en aed rd 


Glycerin, Dichlorhydrin. 


C,H,0, C,H,Cl; + 6HO 


Trichlorhydrin. 


+ 3Hcl = 
Glycerin, ; 


Nitroglycerin, Glonoin Ghar +O the nitric éther of glycerin. This 
4 


substance is acm gradually adding glycerin to a mixture of 
sulphuric tmeig cite acids, carefully cooled. The glycerin 
dissolves without any di ent of nitric vapours. On sears | 
water to the solution, nitroglycerin{is precipitated as a heavy yellowis 

oil, soluble in alcohol and ether, with a saccharine and aromatic 
taste. It is a very instable com: It decomposes with a loud 


y | detonation when heated, and explodes even when struck violently. A 


solution of nitroglycerin, left to stand for some time, decomposes into 
glyceric acid. A drop of nitroglycerin placed on the tongue causes a 
sensation of nausea, which lasts for several hours. 

Ni cerin appears to possess different properties, according to the 
mode of its formation. Probably in some cases a basic nitrate is 
formed. e 

Glyceric Ether. The replacement of both the hydrogen atoms in 


Alcohol by ethyl produces ether Gale bo,, The compound exactly cor- 


responding to ether in the series of glycerin is not known, but a 
‘ 


as GLYCERYL, 
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substance exists which corresponds to the mixed ethers of Williamson a biatomic radical, such as ethylene, C,H,, we shall obtain glycol. 
This is diathylin. It is heating a mixture of glycerin, The relations of alcohol to glycol may be thus seen. 
caustic potass, and of ethyl, to a temperature of 100° for om om 
several days. It is a colourless limpid oil, with a tly aromatic me Jo, —) ho, 
ethereal odour. Its sp. gr. is 0°920, and it ‘boils at 376° Fahr. Its be 
formula is C,,H,,0,, and it is glycerin in which 2 equivalents of ‘Dau Gyo. 
hydrogen are replaced by 2 equivalents of ethyl (é H,) to By the action of iodide of ethyl, for example, on acetate of- silver we 

, : ba (ad obtain jodide of ailver and acetic ether. Similarly by the action of the 
Glycerin, when treated with sulphuric, phosphoric, or tartaric acids, | biatomic iodide of ethylene (CHI) on two fra of acetate of 
combines with them, forming compounds analogous to sulphovinic, | silver we obtain acetate of glycol, acetic of glycol :— 


Nigcorie Acid (C,H,8,0 When gl mixed in th 
lyceric Acid ( se) en glycerin is e 
cold with double its weight of concentrated sulphuric acid, the two 
substances combine with considerable elevation of temperatare, but 
without producing any colouring. The mixture is cooled, diluted with 
water, and then saturated with baryta, by which a crystallisable sulpho- 
glycerate of baryta is formed. By treating a solution of this substance 
with sulphuric acid, sulphate of baryta is formed, and sulphoglyceric 
acid set free. The aqueous solution of the latter must be concentrated 
in vacuo, and the eae seen aa a a Thosulpbanie, other- 
wise decomposition takes place, even at 32° 5 e sulphoglycerates 
are mostly soluble in water ; they are wery pent Soren by Pane 
heated with water or metallic oxides, forming sulphuric acid an 
glycerin. By dry distillation they are decomposed, with formation of 
sul urous acid, acrylic acid, acrolein, &c. 
ulphoglyceric acid is analogous to sulphovinic acid. If this latter 
be considered as sulphuric acid in which one atom of basirogen has 
been replaced by ethyl, then the corresponding compound of glyceri 
may be represented as sulphuric acid in which one atom of hy 
is re by the monatomic group CoH1,0, derived from glycerin. 
The same remark wi apply to phosphoglyceric and pa as 7 
acids. The formation of sulphoglyceric acid is thus expressed 


9p 
C,H,0 8,0 H 2% 
- i! } + “it } = Hy Os cuto, to, 


a) een peter 
Glycerin, Sulphuric Sulphoglyceric 
acid. acid, 


Phosphoglyceric acid (C,H,0,,PO,HO). This body is obtained by 
dissolving lacial phosphoric acid in its weight of syrupy glycerin. 
The solution is accompanied by considerable rise’ of temperature. It 
is then diluted with water, neutralised with baryta, filtered from the 
insoluble phosphate of baryta, and the concentrated filtrate mixed 
with solution of acetate of lead, by which an insoluble peerhcgiress 
of lead is formed. To obtain the acid, this salt is decomposed with 
sulphuretted hydrogen, and the filtrate evaporated and concentrated in 
vacuo. It is an uncrystallisable liquid, which at its state of greatest 
concentration has the consistence of a thick syrup. In this state it is 
readily decomposed by an increase of temperature into glycerin and 
free phosphoric acid. 

The brace digger are rng soluble “ water, but little or 
not at all in alcoho eir solutions decom: boiling, especiall 
in the presence of bases, into ph Sold sation Pacer : 
M. Goblez has found that An oglyceric acid fa combination with 
soda and ammonia is contained in the cerebral matter, and in the yolk 


of egg. 
When glycerin is heated with anhydrous phosphoric acid, acrolein 
is produced. [AcROLEIN.] 

LYCERYL (C,H,). The radical formerly assumed to be con- 
tained in GLyceRtN, the formula of which was then written C,H,O,, HO. 
Recent researches prove that the compound group, which in glycerin 
occupies the same position as ethyl in alcohol, is the teratomic radical 
CoH, to beans} therefore the above term would now be more appro- 

ly appli 

GLYCOCIN, [Grycocott.] : 

GLYCOCOLL, Glycocin. Sugar of gelatine, C.NH,O,, is a com- 
pound found —_ the products obtained by boiling gelatine with 
potash or acids. It may also be prepared by heating hippuric acid 
with hydrochloric acid, when benzoic acid, water, and Podedll are 
produced. It forms transparent crystals, which are soluble in water 
and sweet to the taste. It combines with acids and bases. Its easy 
formation from the animal compound gelatine, has led to the sup- 

tion that it may play an important part in the animal body. 

GLYCOL (C,H,0,). This is the type of a new class of compounds 
discovered by Wurtz in 1856, In their chemical relations and properties 
they occupy a place intermediate between the class of alcohols of which 
common alcohol is the type, on the one hand, and the class of bodies 
of which glycerin is the type, on the other. The name glycol has 
been given to express this relation, and that of biatomic alcohol to 
oo that they have a capacity of saturation double that of common 


We may consider alcohol as being derived from the type of a 
double atom of water by the substitution of an equivalent of the 
eee radical ethyl for an equivalent of hydrogen, [Oroanic 


TCALS. } 
If now in to double atoms of water we replace two eq. of hydrogen 


C,1,0 a C,H,” 
2( Hy £3: Jos) + C,H,"l, = tito.) $8 + QAgt 
lait pao ; 


Acetate of silver, Iodide of Acetate of glycol, Iodide of 


ethylene, silver, 


It was by means of this re-action that Wurtz first obtained the 
acetic ether of glycol, and from the ether, by decomposition with 


alkalies, ii The method is suceptible of general 
SE ts fe een Worse oe obtained four members of the 


already 

series: ethyl I, 1 glycol, bu and 1 

We shel eveita wi encotgon sek peooalion al Wea OE 
member of the group glycol itself. It will not be necessary to enter 
Sas cont vacdesl datcioey ith i ge pe ep hase 
e most ect homology wii yeol, not in their properties, 
bt nth cheral ean mn ie 

‘or the preparation o 1, the best method is proposed 

Atkinson. Pittis a modification of Wurtz’s method, and consists in the 
action of bromide of ethylene on acetate of potash. The products of 
the re-action are bromide of potassium, free acetic acid, and mono- 
acetate of glycol, as is seen by the equation— ~ 


0. ” 
2 (°Hs0s }o,) + C,H,”Br, = (thon | + OHO, + 2KBr_ 
a | ee YY Be 


Acetate of potash. § Bromide of W.-Y Acetic Bromide of 
ethylene. Monoacetate of acid, potassium. 
glycol, - 
About 2 ounces of acetate of potash, dissolved in 5 or 6 ounces of 
.| alcohol, are in a soda-water bottle with 2 ounces of bromide of 


ethylene: the bottle is lightly corked, and heated for two days on the 
water-bath. The contents are then filtered from the bromide of 

sium, which is washed with ether, and the united filtrates and 
submitted to fractional distillation, those parts being collected 

distil above 356° Fahr. On being again rectified, the greater part, 
consisting of pure monoacetate of glycol, distils over at 360° Fahr. 

To obtain glycol, the monoacetate of glycol is mixed with an equi- 
valent quantity of pee, which decomposes it with evolution of heat. 
The mixture after having been allowed to stand some time, is distilled 
in the oil bath. On ifyi cel gered § ap 8 z 
boiling at 387° Fahr., which is pure glycol. e decomposition 
monoacetate of glycol by potash is expressed by the equation :— 


0,8,” 0.8.” 
C,H,0, $0, + KoHO = Sis Jo. + ©,H,KO, 

H 2 te te 
ur Acetate of 
Monoacetate Glycol, potash. 

of glycol. 
The following modification of this method has been used by Debus, 


and although somewhat tedious it gives a larger uct, Monoacetate 
of glycol mixed with its bulk of water is h for 12 to 16 hoursin — 
a closed vessel to the temperature of boiling water. By this means it 
is decomposed into free acetic acid and glycol. The liquid is rectified, — 
and the parts — yee sy sable Fahr, This con- 
sists princi of glycol, but con ic aci 
err ee a ee 
sample o! 1, © pro} onate quantity 
fs added, and the mixture submitted to distillation. The distillate 
consists of pure glycol. 

Pure glycol is an inodorous, somewhat viscid, liquid, with a 
saccharine taste. It has a density of 1125 at 32° Fabr. It at 
886° to 387° Fahr. to the temperature produced by a 
mixture of solid carbonic acid and ether, it mes gummy without 
Its vapour density has been found to be 2164. The 
number required by theory is 2146. 

Glycol is perlesiy ubbible’ta water and in alec, Se eee 
so in ether. In this respect it resembles In its solvent 


properties it stands between water and In its chemical 
re-actions it presents, as will be seen, the closest with alcohol. 
Glycol is unaltered in the air; but mixed with um black it 
attracts oxygen with such avidity that the becomes incan- 
descent. By regulating the conditions of ent, however, 


so as to produce a slow action, an aqueous solution of glycol is slowly 
converted into glycolic acid. 


Se i eee 


residue, action of sodium is less violent—hydrogen gas is dis. 
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engaged, and the liquid is converted into a solid white mass consisting 
CH,” : 
of monosodium glycol, Ne to, By heating this compound with an 


i equivalent of sodium to a temperature of 374° Fahr. another 

— of hydrogen is replaced by sodium—the disodium glycol 
La 

( “eg 0,) being formed. 


N: 
acid oxidises glycol with great energy, with formation of 
lic, glycolic, and oxalic acids. t 

¥ glycol is fused with hydrate of L ape a large quantity of 
hydrogen gas is di , and the residue consists principally of 
oxalate of potash. ohol, under similar treatment, yields hydrogen 

and acetate of potash : 

Ce" bo, + %KOHO = Soho, + 3H 
Glycol. Oxalate of potash. 
The action of 


pentachloride of phosphorus on glycol is v 
ucts formed are hydrochloric acid, aepledinck 
chloride of ethylene. 


Oe Jo, + 2PCl, = ©,8,"0, + 2P0,0, + 2HC 
2 


ic; the ; ‘ae 
horas, 


—_—— —— — —_— 
Glycol. Pentachloride Chloride of Oxychloride 
of phosphorus, ethylene. of phosphorus, 
Chloride of ethylene is the true hydrochloric ether of glycol—it stands 
epee 2 cate wae, 
0) —The lycol is not formed by i 
processes of etherification. When glycol is treated with chloride o 
zine, aldehyde is formed, and Wurtz was at first inclined to this 
as the ether corresponding to glycol. The true ether is, however, 
obtained by the action of votash on monohydrochlorate of glycol :— 


OH,” 
H }0, - KOHO & C,H,0, + KCl + 2HO 
cl _— — 
aS Glycolic Chloride of 
Monochlorhydrate ether, potassium, 
of glycol. 


The action takes place with considerable energy, chloride of potassium 

is formed, and a gas disengaged which is condensed by means of 

a freezing mixture to a very mobile liquid, boiling at 56° Fahr, Its 
geil The calculated nymber is 1°52. 

it is isomeric with aldehyde, which it resembles in ag Sek 

jacal nitrate of silver—but unlike aldehyde, it forms 


= erystalline pound with the 
no crystalline compoi ammonia. B action of ta- 
chloride of phosphorus, glycolic ether yields ride of ethylene. 
C,H,O, + PC, = PO,Cl, + C,H,C, 
—_—— —— 
Glycolic ether. Chloride of 
ethylene, 


By the same treatment, aldehyde yields chloride of aldehydene. 
Two mixed ethers, corresponding to the mixed ethers of Williamson, 


C,H,’ 
have been obtained from glycol. The first, ethylglycol (cx }0.) 
is obtained by the action of iodide of ethyl on monosodium glycol :— 


C,H, Cc, ON 
= + CHI = (CBs) O, + Nal 
— on sagt Iodide of 
Monosodium yiglycol. sodi 
glycol, oo 
When glycol is treated with ium, hydrogen is 
pes page (6 solid mass formed, which, when treated with 


ala ct ony! yinide dog 
on oO, + ©,H,I = XI OH,” 
pilot ook i: 8S 


J. 


Diethylglycol is a colourless mobile liquid, with an agreeable ethereal 
odour. Its sp. gr. is 0°7993, and its vapour , 4095, Theory 


4085. Its boiling is 254° Fahr. n this respect it 
Sills fricn soctel; wil WEI beste ck ee Fahr, 


ethers of glyéol—The compound ethers 
series are formed by the union of BEA seckel 


: Aleohol + acid —2 at, Water. 
asin the formation of acetic ether :— 
=e C,H 
CHO, + C,H,O, 2HO = (6,104) } 0, 
Alcohol, = Acetic acid. octia edie 


In an analogous manner the compound ethers of glycol are derived 
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by the union of glycol + 2 at. acid — 4 at. water, as in the forma- 
tion of acetate of glycol :— 
C,H,” 


C,H,O, + 2C,H,O, — 4HO = }o 
4a“ oM se rare (C,H,0,). + 
Glycol, Acetic acid, 


Acetate of glycol. 


In saponifying, the pr ag ethers of alcohol assimilate 2 at. water 
whilst the compound ethers of glycol assimilate 4 at. water. The 
a ethers of glycol are in general prepared by the action of the 
iodide or bromide of ethylene on the corresponding silver salt. 


Acetate of glycol (C,.H,,0,= (d0,), } O,) ; isformed by the action 


of iodide or bromide of ee on acetate of silver in the presence of 
free acetic acid. It is a colourless neutral liquid, with a slight acetic 
odour. xo boils at 367° Fahr. It dissolves in 7 volumes of water 
at 71° Fahr. 


O,H,” 
Monoacetate of glycol (C,H,0,=C,H,0, O,). The preparation and 
H 


properties of this body have been already described. It is also formed 
when anhydrous acetic acid acts on glycol. When heated for some 
time in a closed vessel with water, it is decomposed into glycol and 
free acetic acid. 

an” 

Butyrate of glycol (CqjH,,0,= (Get 0,), ¢0s)is formed by the action 
of bromide of ethylene on bu te of silver in the presence of free 
butyric acid. The product of the action is treated with ether and the 
ethereal solution distilled and rectified. Butyrate of glycol is a colour- 
less liquid, with a somewhat butyric odour, boiling at about 464° Fahr. 
and distilling without alteration. It is quite insoluble in water, but 
completely so in alcohol and ether. 


Stearate of glycol (CuH.O.=(Gth.0, O,), obtained by the 


action of bromide of ethylene on stearate of silver, consists of brilliant 
small laminz, fusible at 169° Fahr., and closely resembling stearin. 


uw 

Benzoate of glycol CxH:.0.= (25H 0,), } © ) is prepared like the 
preceding ethers. It presents the form of colourless, right rhomboidal 
Lira alee gage at 153° Fahr., and distil without alteration at a 
point beyond the ordinary range of the thermometer. 

P74 ic ethers of pty The neutral hydrochloric ether 
of glycol, and that which stands to glycol in the same relation as 
chloride of ethyl to alcohol, is the oil of olefiant gas, or chloride of 
ethylene C,H,Cl,. It may be conceived as being derived from glycol 
nag replacement of 2 eq. of peroxide of hydrogen by 2 eq. chlorine. 

m the constitution of glycol, it is evident that there may be an 
ether intermediate between chloride of ethylene and glycol,—in 
fact glycol in which one eq. of peroxide of hydrogen is replaced by 
chlorine. The relation of these bodies may be seen from the scheme ;~— 


C,H,” C,H,” C,H,” 
eC KG: H }o, Cly 
H cl —— 

Chloride of 
Glycol. Monochlorhydrate ethylene, 
of glycol, 


The body in question has been termed the chlorhydrin of glycol. 

It is form the action of hydrochloric acid on glycol, and is a 
colourless liquid, boiling at 262° Fahr. By the action of potash it 
gives oxide of ethylene. 

Chloracetine of glycol (C,H,C10,). This body is formed by the con- - 
current action of hydrochloric acid and acetic acid on glycol. It is a 
colourless liquid, heavier than water, and boiling at 293° Fahr., 
without decomposition. It is intermediate between chloride of ethy- 
lene and acetate of glycol. Its formation may be thus expressed :— 


c H ” 
H,” ats 
wane Jo, + C1850 Jo, + HCl = (C4302) fo, + 4HO 
Ccecenant raat 
(Sey EP 
Glycol. Acetic acid. Chiorscetinf glycol. 
= is — formed by the action of hydrochloric acid on monoacetate o 
glycol. 
It is decomposed by potash, with formation of acetate and chloride 
um. 


of i ; 
hlorbutyrin of A he and chlorbenzoin of glycol are compounds 


quite analogous to this, and are prepared by similar methods. 
Butyroacetate of sgiyedt. This is glycol cf which one atom of hydro- 
gen is replaced by the radical acetyl, and another by butyryl. It is a 


substance with a bitter pungent taste, heavier than water, and boiling 
at 410° Fahr. It is formed by the action of chloracetin of glycol on 
butyrate of silver, mn 


C,H 
0,0, Oy + eave Jo = C,H,0, Jo + Agel 
cl Sue HH, 0, —~ 
lay Butyrate of Chloride 
Chloracetin silven Butyroacetate of silver. 
of glycol. ees of glycol. 
It is evident that many such analogous compounds may be formed, 
EE 


49 GLYCOL. 


By the action of hydriodio acid on’ glyool,: iodide of ethylene ix 
Com" Jo, + oY = ar al + 4H0 


Glycol, 


—_— 
Todide of 


Hydriodic 
acid, ethylene, 


By modifying the aetion’ of hydHlodlo act, ant’ fodliydlin’ of gtyoot | 


C,H,” 
( a to.) corresponding to the chlorhydrin, appears'to be formed. 


There is also an iodacetin of glycol analogous both in preparation’ and 
a sor to the chloracetin of glycol. 

Iphoolycolic acid. Sulphuric acid by its action on glycol forms a 
compound analogous to sulphovinic acid, which has however hitherto 
only gee examined in the baryta salt. Equivalent quatitities of 

col and 


uted, new with carbonate of baryta, and 


evaporated. | 
Sulphoglycolate of baryta is a somewhat deliquescent salt, Sulphuric 


acid precipitates sulphate of from its aqtieous solution, but 
water produces no eenetient at least Bot in the dold, "The 
formation of sulphoglycoli¢ acid may be thus expressed, 


Ps C,H,0 : 
ou yo, + tom = * 810, ho, 4 2ifo’ 
—— 
; ee 
Glyool Biilplioglycolis 
acid. 

Se ee a ree baryta, hydrogen: is 
replaced by barium, and we have the’ salt, 80, O,. Sulphoglycolic 


acid is monobasic. ‘ 

Glyoral and glyoxylie acid.—These are two bodies, the former an 
aldehyde, and the latter an acid, discovered by Debus, among the pro- 
“ducts of the oxidation of alcohol by nitric’ acid. As they Belong to 
the glycol series a brief description of them is here necessary, while for 
fuller details the reader is referred to Debus’ original papers (‘ Phil. 
Mag.,’ vol. xii. p. 361). : 

Glyoral (C,H,0,), when pure, is a solid, amorphous, 
mass, which deliquesces in the air, and is very soluble 
ether. It has all the properties of an aldehyde, it reduces silver salts, 
and forms crystalline compounds with alkaline bisulphites, from which 
glyoxal is obtained by treatment with dilute acids. The action of 
ammonia on glyoxal yields two well-defined crystallised bodies, glyco 
gine and glyowaline. 

Glycosine (C,,H,N,) forms a i white, inodorous, and tasteless 
white powder, which can be sublimed without change. Its 
chlorate forms erystals, frequently an inch long. Its platinum salt has 
the formula, C,.H,N,, 2HCl, 2PtCl,. The formation of glycosine from 
glyoxal and ammonia is analogous to that of amarine from oil of bitter 
almonds and armmonia, and may be expressed by the equation :— 

3(C,H,0,) + 4NH, = C,,.H,N, + 12HO 
——— ———" 
Gtyoxal, Glycosine. 


Glyoxaline (C,H,N,) crystallises with difficulty; its acid_oxalate 
forms colourless. prisms, and its platinum silt, HN, HCl, PtCl,, 
crystallises in splendid orange-red prisms, 

Its formation may be represented by the equation :— 


2(C,H,0,) ++ 2NH, = C,H,N, + OHO, + 4HO 
—— —_———!* —, 
Formic acid. 


Glyoxylie acid, C,,0,, appears on the evaporation of cre! yaa 
solution in vacuo, in the form of a tough, transparent, pale-yellowish 
p, which neither crystallises nor solidi ifies. Its aqueous solution 
/ in stele carbonates, and saturates strong bases. It is volatile with- 
out decomposition.* Glyoxylic acid is a monobasic acid. Its salts have 
the general formula, ©,H,MO,, They mostly erystallise well? 
Glyowal is the aldehyde of glycol ; it is intermediate between glysol 
arid oxalic acid, and occurs among the products of the direct o 
of glycol. Its analogy to common aldehyde is well seen in the mode 
of ita forthation :-— 


C,H,o, + 9 = Cft,0, 4 ato 
—— . 


Glyoxal, Giyoxaline. 


——* 
Aleohol, Aldehyde, 
0,0,0, + 40 = OHO, + 480 
———- ——" 
Glycol. Glyoxal. 


Glyoxylic acid is an intermediate compoutd between glycolic and 
oxalic acida, just as oil of bitter almonds is intermediate between 
benzylic alcohol and benzoic acid :— : 


C,11,0% C, Tg 
— —_~ 
Olycolie acid; Benzylio aleohol, 


solbure acid are mixed together, heated for some time, | 


thi 
eee: n 
alcohol and 


Density. Boiling Point, 
1°125 387° Pahr, 
aoe Wee 
Butylic glycol Cc ts) ‘ mer” 
Amylie glycol Cyl, sO, —0°987 7 
To each member of the series of homologous monoatomie : — 
there is a corresponding acid, a member of the fa acid series ; é 
similarly there is a homologous series of acids with the glycols, 
and whieh are derived from them by direct - 
C,H,O, + 40 = ©,H,O, + 280 
—_— —_— 


Glycol « 


C,H,0, 
Propylic glycol 


ies 


. 
. 


aeae 


Giyeol. Glycolic acid. 
C,H,O, + 40 = C,H,O, + 2HO 
Propylie glycol. Lactic acid. 
OsH, ,O, + 40 = C,H,0, + 2Ho 
—_—— — 
Butylic glycol. Butylactic acid. 


The acid 


corresponding to Tic 1 has not been discovered, — 
On the other hand, leucie acid foes ac 


0,4), which has long been re- 


as a memnneee of rea’ acid, roar fsa cepa to a 
| hitherto undiscovered, ca) ic alge ; 
Cine aceite of masthylio gycol har a prepared from iodide of 


“ ‘yi 
methylene, C,H,"I,, It has the formula tito,» fe Tt has not 
pe to obtain from it methylic glycol, as by treatment with 
bases completely decomposed. ‘ 

“A tories of hodies has been obtained by Wicke, which are considered 
to be derivatives of a glycol of the benzoic acid series, By the action 
of chlorobenzole (0,,H,”Cl,) on acetate of silver, a substance is— 


obtaitied which has the formula (iho, 2} O. This would be the 


formula of the acetate of a glycol, G,,H,0,, corresponding to benzéylic 
alcohol (C,,H,0,). Ee hist letRer eas 40 prepare tbh 
lycol itself, from the tendency the compound has producing 
anmclo aldehyde when decomposed by bases. The gn Segpe in 
several instances reactions, from those of ordinary 
glycols, and until the subject has been further examined, it cannot be 
considered as the derivative of a true glycol, A similar compound 
has been obtained from the dtitriol series. : 


. or " te 
Besides glycol, three have been ty dere, poppe ya ; 
butylic glycol, and amylic , corresponding to a mono- 
atomic alcohol :— 

C,H, Oy C,H,0, p 
Alcohol.- Glycol. 
. C,H,0, ©,1,0, 
Profiylio alcohol. Propylic glycol. 
CsH, 90 C,H, 90%, 
Butylic alcohol, Butylic glycol. 
Cy pHi 20 CyoH1 2, 
Amylic¢ aloohol. Amtylic gtyeol. 
H, ; and amylene, C, Ty i the homo) of gas. Th 
latter substances, which are true biatomtic radicals, by treatment with 


_ 


i 
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" Dhe further atudy of the glycols and their derivatives may be | glycollic acid as lactide does to lactic acid, and is formed by the action 
expected to throw light on many bodies whose relations are at | of heat upon tartronic acid :— " 
agers or unknown. Probably meconin and saligenin will | - C.H,0,9 = C,0, + C,H,O, 4. 2HO 
found to be biatomic alcohols. Berthelot has obtained a .com- ee oy eae 
bination of stearic acid with meconin, which has the formula :— - Tartronic acid, Glycollide. 
(Co9Hs9,)” 1 It is a ‘white tasteless powder, insoluble in cold water, and v igh’ 
(CoH.04)* $ so in hot. ‘Treated wi Tomnaoe 


Sea enlace 


by a variety of processes. It was first by the 
oon ail otal agra sono gel 


HO 


C,H,NO, + NO, = C,H,O, + 2N + 
——_— — _— 
Glycocell. Nitrous — Glycolic 

acid. acid, 


oar 


Tartraric acid. Glycollide, 


lactic acid : it is the anhydride of glycolic acid. When it is digested 
for some time in the warm water, it assimilates 2 eq. of water, 
and becomes converted into ic acid. 

Perhaps the best method ing glycolic acid is by the spon- 
taneous 1 ion When an solution 
of chloracetate of is heated in a closed vessel to between 250° 


acid ;— 


=e C,H,0K0, + HO = €,4,0, + Ke 


Chloracetate 
of potash, 


Glycolic in its state of greatest concentration, has the form of a 
welldahned oryntals Tels mine with water aon nd ete 
at ye has the c ee) nas eorornrten. ‘tbe 

'H,Zn0, +2 aq., 
; oD don’ When cheptia sd aieed wit 
nemed. By this sit distinguished Inplohed from lack noid which, 
if , which, 
Torte, same remains clear, Glycolate of lime 
1,H,Ca0,) from a hot aqueous solution in stellate groups 
of very fine like needles. It is quite insoluble in alcohol, even 


when dilute, and is hence easily separated from lactate of lime, which 


Glycolic acid stands in the same relation to glycol as acetic acid to 
pee. Both acids are derived from their corresponding aleohols 
oxidation :— 
“€,H,0, 
ee 


+ 0, = C,H,O, + 


—~ 


Acetic acid, 

+ % = C,H,O, + 2HO 
—_—— 
Glycolic acid, 


2HO 
Alcohol. 
C,H,O, 
—~ 


ee 3985 HBS 3% 


In accordance with this view, glycolic acid must be bibasic, Hitherto 
ie salts have been formed. Its , however, 
ot) fs Wade; and ft fo 10 be expected that farther ropennches wil 
to be ex; i 
the bibasicity of glycolic acid, [Guxoo1.] 
GLYCO iS LYCOLLIDE, 
-GLYCOLLIDE (0,H,0,), This body stands in the same relation to 


by saccharine matter contained in li 


ammonia, it is transformed into glycollamide :— 
C,H,0, + NH; = C,H,NO, 
San aan H~ 


Glycollide, Glycollamide, 


ide forms fine colourless crystals, very soluble in water, 
sparingly soluble in alcohol, and possessing a slightly sweet taste. It 
is isomeric with sugar of gelatin. 

GLYCOCHOLALIC ACID, [Cxoro Acr.] 

GLYCOCHOLIC ACID. [(Cxorsc Acr.] 

GLYCOSINE. [Guryocoxn, Glycosine.] 

GLYCYL(C,H,0,). A hypothetical radical, supposed to be contained 
in Guycerin, whose formula then becomes CoH, fo. + z }o.. 
GLYCYRHIZA GLABRA, and G. echinata, liquorice, of which the 
root, or rather the rhizoma, and a watery extract are officinal. These 
are natives of Germany and south of Europe, but cultivated exten- 
sively in some parts of Britain; the extract is however chiefly prepared 
in Spain, Italy, and Sicily, and imported under the name of Spanish 
juice or liquorice : the finest is called Solazzi. The rhizoma is generally 
allowed to attain the age of three years, and is then taken up. It is 
often several feet in 1 , and about half an inch thick. The odour 
is faint, the taste sweet but mawkish ; and if the bark be chewed, it is 
ee aed ene is owing to the presence of a soft resin, or 


resin, - 

Robiquet found it to contain a iar sugar, which is uncrystal- 
lisable and unfermentable,-called glycion, or glycyrhizin, and other 
matters. 

Infused in warm, or macerated in cold water, it affords a mucilaginous 
fluid, which is bland and demulcent. The powder is much used to 
involve recently made pills, in order to prevent them from adhering to 
each other, Before using it for an infusion, or to powder it, the bark 
should be removed, by which the bitterness is avoided. 

The extract is formed into rolls from 6 to 8 inches long, which, are 
dried, and surrounded with bay-leaves, to prevent them from adhering, 
as in warm weather they have a tendency to melt, notwithstanding the 
addition to them of starch or peas-meal: 100 lbs. of the dried root 
yield 30 Ibs. of extract. ; 

Good liquorice juice is black, dry, easily broken (in cold weather), 
with a shining fracture. It shotild dissolve easily and entirely in the 
mouth when pure i but crude ekg ee besides starch or meal, has 
generally more or less copper, rarely brass, derived from the in 
which it has been boiled; it is therefore subjected to a = of 
purification, and is then termed refined liquorice. This is done by. 
melting it in water, draining off the solution, so as to leave the sand 
and other impurities behind, and inspissating it; then forming it into 
more’slender cylinders, which are generally soft and moist, even when 
sugar has been added to them: a better addition is a small quantity of 
gum arabic. In Yorkshire an extract is prepared which is sold under 
the name of Pontefract cakes. 

Both the crude Spanish and refined liquorice are used as demulcents, 
to allay tickling cough in slight cases of catarrh: often formed into 
lozenges, plain or medicated, The Trochisci glycyrrhize cum opio 
ayowedly contain opium, but too many of the nostrums sold as cough 
lozenges contain morphia to a considerable extent, and are therefore 
dangerous when too freely used. 

GLYCYRRHIZIN (C,,H,,0,, or C,,H,,0,,). An unfermentescible 

iguorice root, It is a brown trans- 

lucent amorphous substance, only slightly soluble in cold water, and 

ing a nauseous, saccharine, but slightly bitter, taste. Its hot 
solutions inise on cooling, 

GLYOXALINE. [Gtyocot, Glyoxaline.] 

GLYOXYLIC ACID, [Grycon, Glyowylic acid.) 

GLYPTOGRAPHY. LEOTRO-METALLURGY.] 

GNOMIC POETS OF GREECE, Under this title aro included 
those moral and philosophical poets whose remains consist chiefly of 
short sententious pts or reflections, Such are the Gnome of 


Theognis, which, though numbered consecutively as a connected poem 
to 1200 lines, form in a collection of unconnected members, varying 
from two to thirty lines in length. Such also were the sentences 


by Hipparchus on the Herma in the streets of Athens. 

metrical precepts were valuable before writing became common ; 
being, like proverbs, serviceable and easily-remembered rules of conduct, 
This notion of a pithy saying, or apophthegm, is one of the meanings 
of ywéun (gnome), whence comes the adjective yrminds (gnomikos), 
relating to gnédme, Winterton’s ‘ Poet Minores Greci’ (Cambridge, 
1677, and later editions) contains a collection of the Gnomic poets. 
They have also been edited Brunck (‘Gnomici Poet Greei,! 
Argent,, 1784, 4to.). The principal authors contained in this edition 
are Theognis, Tyrtus, Solon, Simonides, with many others, some to 
the extent only of a few lines, Tyrtwus and Simonides, however, 
though the authors of Gnome, hardly come under the definition above 
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given, or under any other definition which accurately characterises | of the Gnostic system may be alleged in favour of each of these 
Theognis and others. Branck’s edition contains also a collection of | positions; but it seems to be forgotten that Gnosticism is m a 


Gnome from the comic writers. 

The Gnomic writers are sometimes all classed under the general 
name of Elegiac [Evecy.] 

GNOMON (the Greek yrdéuwr), or style of a dial, is the which 
projects from the surface of the dial-plate, the edge of its deter- 
mining the hour-line. The plates now in use being flat, the gnomon 
is in the plane of the meridian, and its sloping edge forms an angle 
with the horizon equal to the latitude of the place, and is consequently 

el to the axis of the earth. No sensible error is made by con- 
‘ounding the edge of the gnomon with the earth's axis; but in lunar 
dials. sensible error would arise, except in places of which the latitude 
is nearly 90°: this error, in either case, depends upon the parallax of 
the luminous body, and the position of the dial-plate. The ancients, 
who used hemispherical dial-plates, placed the radius which threw the 
shade in the direction of the north pole-star, and therefore the hour- 
lines were circular ares, at regular intervals of 15°. Herodotus says 
(ii. 109) that the Greeks borrowed the gnomon and the sphere (oAos) 
from the Babylonians. 

The science of gnomonics, u which many formal treatises have 
been written, has declined as the. theory of astronomy has advanced 
towards correctness. In the su ing article one method of construc- 
tion of a dial will be briefly explained. It is not worth while to 
enter upon the details of constructions which are now of no use. 
A sun-dial may be sufficiently well adjusted to give the time within 
a few minutes, provided the observer has an almanac, or some other 
work in which the equation of time is contained, by which the 
indications of the sun are made to agree with those of the clock. 
(Sux; Suy-prat.] ; 

GNOMONIC PROJECTION. The gnomonic projection of any 
portion of a sphere is that which is constructed on the supposition 
that the eye is in the centre of the i rig The consequence is, that 
any great circle whatsoever of the sphere is projected into a straight 
line; which property can belong to no other projection, 

The most convenient method of projecting the whole sphere 
gnomonically is to imagine a cube inscri about it, on each face of 
which one-sixth part of the sphere is projected, by lines drawn through 
the centre. The Sf the earth and of the stars published by the 
Society for the Diffusion of Useful Knowledge are drawn in this 
manner, a full account of which may be found in the ‘ Explanation of 
the Maps of the Stars’ (Baldwin, 1836). The result is six maps, 
which embrace the whole sphere; the shortest distance from any one 
point to another on the sphere being projected into the shortest 
distance between their corresponding points on the map, when they 
lie on the same map. : 

The gnomonic projection derives its name from the connection 
between the methods of describing it and those for the construction of 
a gnomon or dial. The direction in which the shadow of a line 
parallel to the axis of the earth will be thrown is the intersection of 
the hour circle for the time being with the surface of the dial (whether 
plane or not). Imagine a sphere, and the surface of the dial drawn 
through its centre. Upon this sphere describe the heavens, and 
project the whole upon a circumscribed cube, Nothing is more easy 
than to draw the hour circle upon such a projection, and if the inter- 
section of the surface of the dial with the cube be traced out upon the 
cube, the points at which the projections of the hour circles meet the 
intersection of the cube and the dial are those towards which the 
shadow of the axis will point at the hour in question, When a dial is 
to be constructed geometrically, this is the most simple plan: but 
calculation, as in other instances, is superior to construction for 

poses of accuracy. 

GNOSTICS, derived from the Greek word gndsis (yvéois), “ know- 
ledge,” was employed by the fathers of the first two centuries asa 
generic term to designate all individuals who professed to interpret 
the Scriptures by the aid of philosophy. It is supposed from various 

ges in the New Testamtnt (Col. ii. 8; 1 Tim. i. 4; vi. 20; 2 Tim. 
ii. 16,17; Titus, iii, 9; 1 John, ii. 18) that the doctrines of the 
Gnostics were taught in the times of the Apostles; and the Nicolaitans, 
who are condemned by St. John (Rev. ii. 6,15), are looked upon by the 
fathers as forming a sect of the Gnostics, Many of the fathers con- 
sidered Simon Magus, Dositheus, and Menander to be the first 
individuals who propagated Gnostic opinions; but they are more 
correctly classed by others among the opponents rather than the 
corrupters of Christianity. The principal teachers of Gnosticism were 
Saturninus, Basilides, Cerinthus, Carpocrates, and Prodicus, of whom 
the most celebrated were Cerinthus and Carpocrates; and some of 
their tenets were held on the authority of passages in the a hal 
gospels of the New Testament. Irenaeus (‘ Adv. Hmres.’ iii. 11) states 
that St. John wrote his gospel in order to refute the errors of Cerinthus ; 
but many critics reject this testimony of Irenmus, and maintain that 
Cerinthus lived in the second century. The Ebionites also [Enronrres} 
are supposed to have been Gnostics. 

The origin of the Gnostic system has been traced to various sources. 
Some have derived their doctrines from the Alexandrian school of 
philosophy; others from the Jewish Cabbala [Cappata]; and a still 
greater number from the Oriental belief in two great independent 
principles, one the author of good, and the other of evil. Many parts 


an account of their opinions. will ually to all the sects 
which the Gnostics Pnoiriaed) but the 


not have created the world. They believed that God dwelt in a 
— s{edioune ) of inaccessible light, and that he was unknown to 
e wor! 


called ons, or emanations; that from these other ons were 


- 
Fi. 


~! 


descended, at the head of whom was one named Demiurgus, who created = 


the world; that this Demiurgus was the 
that Christ, who was one of the AZons, 
restore men to the gnosis (knowledge) of the true God; that the on 
Christ descended into the man Jesus at his baptism, and left him when 
he was led to crucifixion, so that the man Jesus alone suffered. This 
was in effect the belief of the Gnostics of the Jewish Alexandrian 


their moral conduct; some, looking upon the 
tified it by severe penances ; while others, with the 
immoral lives, maintaining that the soul could not be affected by the 


(Meander, Kivchengeschichte ; Mosheim, Bbclesiastioal’ History 
er, z elm, 3 
Ursprung ¢ 
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Lardner’s History of Heretics ; Mohler, Versuch iéber den 
Gnostiker, 1831; Baur, Die Christlichen Gnosis in geschichtliche Entwick- 


[Bronowocete, 

GOLD (Au) is a metal which has been known from the remotest 
antiquity, and has been raptterpe: Mey my ne pe eege of 
Alth: the quantity of ‘gold which is found, when compared 
that of other metals, is small, yet it occurs in or less abundance 
in almost every part of the globe. It occurs in the native state, and 
alloyed with silver, also occasionally combined with tellurium, and 
frequently mixed with metallic sulphurets and arseniurets. It is 
indeed stated by Gahn that but little sulphuret of iron is met with 
which does not contain some Cogn A large quantity of gold is 
obtained from South America; the richest mines of Europe are those 
in Hungary; it has been found also in the sand of the Rhéne, the 
Rhine, and the Danube ; small quantities are occasionally found in the 
stream tin-works of Cornwall; and in Wicklow in Treland, and the 
lead-hills of Scotland, no inconsiderable portions have been from time 
to time collected. But by far the largest ne of this metal are 
now derived from Australia and California. is also met with in 
tolerably quantity in the Uralian mountains of Siberia. 

Native gold occurs , capillary, and massive; the primary 
form isacube. It gives no cleavage; fracture hackly ; hardness 2°5 
to 3:0; colour yellow, of various shades; streak shining 
specific gravity 17 to 19. ; 

Gold not unfrequent 
where the quantity of 
electrum. Electrum anal 


by the apy al Se ae it with 
mercury, and heating the am: ‘ormed, so as to distil mercury, 
which is thus ly used for the same 4 


ter ary 
Gold is of a fine yellow colour, and is —— le of a high of 
It is nearly as soft as lead ; its specific gravity is 19°83; it is so 
exceedingly malleable that patt pee may be i 
square inches of surface, and gold leaf is only about 
in thickness; some authors say 


of an inch 
of aninch, Go also exceed- 
ingly ductile; a si may be drawn out into 500 feet of wire : 
in point of tenacity it is inferior to iron, copper, , and silver ; 
a wire 0°787 of a line in diameter is capable of e 2ppan about 150 
pounds. Gold suffers'‘no change by e to air or moisture, even 
when heated. It melts at about 2016° Fahr., according to Daniell’s 
pyrometer; when in fusion it appears of a brilliant It 
is scarcely at all volatile, and may be long kept in 

without losing weight; but when it is melted by the heat of a lens a 
plate of silver held over it at some inches distance becomes gil 
vapour. It contracts more than any other metal on cooling, and crys- 

ises in octohedrons, 


of the Old Testament ; 


» opaque; 
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We shall now describe the more important compounds of gold. 
Oxygen and gold unite, but not by direct action; it has indeed been 
stated that gold may be oxidised by the electric spark in atmospheric 
air, but this is denied by Berzelius. 

Oxide, or Protoxide, of Gold (AuO) is prepared by adding a solution 
agit espera rap a green powder is separated, 

is the protoxide in question ; it must be washed and dried at a 
temperature not exceeding 100° Fahr.; if the heat exceed this it is 
converted into metallic gold and peroxide ; indeed, this change is.stated 
by some authors to occur at almost any temperature ; -it is, at any rate, 


acid is 
This oxide is decomposed by exposure to daylight, its 

oxygen being expelled. This oxide is with difficulty soluble in any 
d; thus, although sulphuric acid dissolves a small portion, it is pre- 

cipitated by water. Po py eesgin greene en gett 7 yale of 
called auric acid, and it combines 

with potash, soda, and baryta, to form salts, which have been termed 


ine and Gold unite 
' is most readily obtained; i y 
nascent chlorine, derived from the mutual decomposition of nitric and 
hydrochloric acids, called aqua regia. 

Perchloride, or Terchloride, of Gold (AuC);) gives a yellow-coloured 
solution, which becomes nearly red by evaporation, owing to concen- 
tration and the expulsion of any excess of acid. Its taste is acrid and 
bitter; with excess of acid this salt crystallises in long needle-form 
; bright yellow colour, which are unalterable in a dry 
atmosphere, but deliquesce in a moist one; on the contrary, when a 
neutral solution is evaporated until chlurine commences to be evolved, 
ld is obtained. 
oride even by 
of li orus, and many metals, 
produce a si 
skin is stained of a 


perchloride and leaves the ide, which is a colourless saline 


protochloride 
mass, unalterable in the air, caterer: naga acme oa 
into metallic gold and perchloride: boiling water poses it in- 


eer of Goid Uaix,j ib grveared by dinick the metal in 
of hydrobromic and nitric acids. The ralCtion i by 
oo red-coloured saline mass ; sometimes it yields crystals. 

salt has so intense a colour that one part of it tinges 5000 parts of 


a solution of eunte of go As obtained 

a gray substance of a metallic lustre; when 

by the second it is a brownish powder. When heated in the 

ition has not been determined. 

odine and gold do not act upon each 

y v together; but when a solution of iodide of 

eee mined with one of peeenenise of gold, yellowish brown 

Kong precipitated, which is insoluble in cold water, dissolved 

: solutions, and decomposed by heat. 

Having described the binary compounds which result from 

a with non-metallic elements, we shall mention the 
Sloe uf Gi ee 

eps aaa le of combining with gold ; 

but it is to be observed that nothing is own of the compounda which 

with the alkalies and earths, as potassium, 


ke. 
Arsenic and Gold.—This alloy is obtained by heating gold-leaf and 


E 


arsenic ; with the application of a heat the arsenic 
crmbines with the go it» vry bri, gy, metallic om 
it is readily decomposed by calcination, and the whole of the arsenic is 
expelled ; erates & pxficient to oe Meewaeiity of gold 
without alring 3 ais Tenders brittle. 

Tellurium Gold bat, mixed else a comelinatla portion of 
lead, occur in combination, constitu three varieties as— 
graphic tellurium, yellow tellurium, and black tellurium. 


Antimony and Gold.—According to Hatchett, gold loses its ductility 
by combining with 3, of its weight of antimony. It is prepared 
by fusing the metals together; it is of a pale colour and fine grained ; 
) nig calcined in an open crucible the antimony is entirely 
expe: 

. Manganese and Gold.—This alloy is of a pale colour; breaks readily 
under the hammer, and exhibits a spongy coarse-grained fracture. 

Zine and Gold yield an alloy of a pale greenish colour like brass, and 
totally devoid of ductility. : 

Tin and Gold.—Colour very pale whitish-yellow; bends readily when 
the bar is not more than one-eighth of an inch thick ; but when passed 
between rollers breaks longitudinally into several pieces, The grain of 
the fracture is fine, inclining to an earthy appearance, and is of a pale 
yellowish-gray colour. 

Tron and Gold form an alloy of a pale yellowish-gray colour; it is 
very ductile, and may be rolled from the thickness of three-quarters of 
an inch to that of a guinea. 

Nickel and Gold.—This alloy is of a fine brass colour ; it immediately 
breaks under the hammer, with a coarse-grained earthy fracture. 

Cobalt and Gold.—A pale yellow alloy mixed with gray ; it is brittle, 
and has a fine-grained earthy fracture. 

Copper and Gold combine in all proportions, without altering the 
colour of the gold; the density is diminished, but the hardness is 
increased. The alloy employed for ordinary jewellery contains 23°6 
per cent. of copper; this tarnishes by use, owing to the oxidisement of 
the copper; the anes colour is restored by treating with ammonia. 
Copper is used to the gold of coin, in order that it may be ren- 
dered sufficiently hard to stand the wear to which it is e ; the 
amount of copper is 1 in 12. Its specific gravity is 17157. Of this 
alloy, 20 troy pounds are coined into 934 sovereigns and one half- 


sovereign. 

Bismuth and Gold form a very brittle alloy. It is sufficient to alloy 
gold with ;3, of bismuth to render it brittle. A compound of 8 
bismuth and 92 gold is of a pale yellow colour and brittle. 

Silver and Gold combine well; the resulting alloys are very ductile. 
A small quantity of silver renders gold pale; 5 parts to 100 are suffi- 
cient for this effect. This compound was used by the ancients, and 
called by them electrum ; we have already mentioned the existence of 
several native alloys of these metals, and that they are always combined 
in definite ions. 

Lead and Gold.—This alloy is very brittle, even when the lead forms 
se ty of the alloy; even the fumes of lead destroy the ductility of 

id. : 
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Mercury and Gold combine with great facility, and yield a white 
alloy, usually called an amalgam, much used in gilding. [Grnp1Ne.] 
On account of the readiness with which these metals unite, mercury is 
used, as already noticed, for separating gold in the process called 
amalgamation. 

Platinum and Gold combine in all proportions; these alloys are 
fusible. Platinum readily destroys the colour of the gold ; the presence 
of only 0°02 of platinum is recognised by the extraction of colour. 

Salts of Gold, in which the oxide is a base, are obtained with great 
difficulty ; indeed, when the peroxide is dissolved in nitric, acetic, or 
sulphuric acid, they require to be concentrated, the. oxide does not 
saturate the acids, and the solutions are all decomposed by water. 

Salts of gold in which the peroxide acts as an acid do not, rao 
one of them, possess any ble properties; this peroxide of gold 
is soluble in potash and soda, but no very definite or crystallised com- 
pounds of them have been formed. Ammoniuret of gold, sometimes 
called aurate of ammonia, is formed when ammonia is added to a solu- 
tion of perchloride of gold; water is decomposed, and peroxide of gold 
precipitated in combination with a portion of the ammonia. This 
substance is of a yellowish-brown colour; it is to be collected ina 
filter, washed with a little water, and dried at a temperature below 
212°. When this substance is heated it explodes violently, the gold is 
reduced to the metallic state, water is formed by the union of the oxy- 
gen of the oxide of gold with the hydrogen of the ammonia, and azotic 
gas is given out. tt probably consists of two equivalents of ammonia 
and one equivalent of peroxide of gold; it may, however, possibly be a 


nitride of gold. : 
Some of the most permanent salts of gold are the double chlorides : 
ises in small hexagonal tables ; 


thus the potassio-chloride of gold ery: 
it is, however, quickly penn os the air. an sage We, ee 
‘old crystallises in lo: ri risms which are not alter 
: to the air. "When heated it melts iff its water of crystal. 
sation, and afterwards loses a little chlorine. It appears to be the most 
stable of all the salts of gold. It consists of 14°68 parts of chloride of 
sodium, 76°32 of perchloride of gold, and 9 of water. The chloride of 
ammonium, the chloride of lithium, barium, &c., form crystalline 
double salts with the chloride of gald. 

There is a compound containing gold which has been long used for 
giving a red colour to glass, under the name of the purple powder of 
Cassius. According to Berseliua, it is composed of 28°35 of gold, 64 of 
peroxide of tin, and 7°65 of water. Other chemists have assigned a 
different constitution to this substance. It is of a fine purple colour, 
and may be prepared by adding a solution of perchloride of gold to a 
mixed solution of protochloride and perchloride of tin, or simply by 
putting tin-foil into a solution of gold. 
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The general properties of the solutions of gold are, protosulphate of 
iron precipitates metallic gold from the chloride; protonitrate of mer- 
cury gives a black precipitate, and so does the protochloride of tin ; but 
a mixture of the proto- and per-chloride, as already noticed, gives a 
purple precipitate. Hydrosulpburic acid throws down black sulphuret 
of gold ; ammonia, as already noticed, throws down a yellowish-brown 
precipitate of fulminating gold, which an excess of the alkali re-dis- 
solves. Many of the metals, phosphorus, and charcoal, precipitate 
metallic gold, as also do oxalic acid and tartrate of potash, when heated, 

GOLD-BEATERS' SKIN. The preparation of the delicate mem- 
brane kiown by this name forms part of an exceeding] ss do 
disagreeable class of manufactures called by the French “ Vs 
from the word “boyau,” intestine. The strings for violins, , and 
guitars [Cavour Sraras], gold-beaters’ skin, and some other valuable 
articles of a membranous character, are made from the intestines of 
animals—not (except in a few cases) from the whole thickness of the 
intestine, but from a very thin membrane which covers it either on 
the interior or the exterior. It is from the large intestine of the ox 
that gold-beaters’ skin is prepared. This intestine is composed of 
three coats or sheathings ; the mucous membrane on the inside, the 
Rang membrane on the outside, and the muscular membrane 

ween them. The peritoneal membrane is the one required for 
the purpose. In the first place, the intestine is freed from all 
greasiness by soaking, scraping, and washing; it is then turned inside 
out, and put into a tub, e tub contains a strong alkaline liquor, in 
which the intestine is allowed to steep for several hours; and at the 
expiration of that time the mucous membrane has become so far 
loosened as to be easily removed. The alkaline liquor employed, called 
 eau-de-Javelle,” removes all trace of fetid odour. The peritoneal 
membrane is afterwards carefully removed, and stretched out to dry. 
It is next steeped in a weak solution of potash, and carefully 
After this it is stretched out on a frame, with that surface under- 
most which had adhered to the muscular membrane; another mem- 
brane, placed the contrary way uppermost, is laid upon it, and the two 
are easily made to unite firmly. The membrane is then moistened 
successively with different liquids, of which one is a solution of alum, 
one a solution of isinglass, and another a layer of white of eee. 
Beating, drying, and pressing are also among the processes to whi 
the membrane is subjected; each manufacturer appearing to have his 
own peculiar mode of proceeding, 

A packet of skins properly prepared for gold-beating is rather a 
costly piece of apparatus; but it will bear a surprising amount of 
beating without injury. The skins may be used for several months 
without become thinner or weaker. They acquire, however, by 
degrees a greasiness of surface which temporarily unfits them for their 
office ; this greasiness is removed by interleaving them with pieces of 
clean white paper, and hammering them for a considerable time, 
whereby the greasiness is removed from the skin to the paper. 

The unhealthiness of this manufacture has been deemed in France 
so serious as to engage the attention both of medical men and of 
the legislature, M. Parent Duchitelet states that the odour arising 
from the putrefactive fermentation of the substances used, is more 
loathsome than any other process incident te manufactures; and that 
the effect of the exhalation on the health of the inhabitants who lived 
near the boyauderies was such as to lead the French government, 
towards the end of the last century, to prevent the boyaudiers from 
continuing to carry on the manufacture in the faubourg where they 
had congregated, and where a street was named after them, the Rue de 
la Boyauderie. They left that spot, and established themselves near 
Montfaugon; but here they formed a new centre for disease and 
infection, At length, in or about 1820, the Council of Health offered 
a prize for the discovery of any mode for separating the peritoneal 
membrane without subjecting the intestine to the putrefactive action. 
M. Labarreque obtained the prize, by showing how chlorine could be 
employed both to fumigate the workshops, and to loosen the mem- 
branes one from another without allowing the offensive odour to eseape. 
In 1810 the different manufactories of France were ranged in classes 
according to the unhealthiness of the employments ; and the boyauderies 
were placed at the head of the list of “ Hetablissements Insalubres :” 
they were subjected to rather strict regulations in relation to ‘the 
position and general arrangements of the buildings; ald these rules 
are still acted on in cases where the new method is not adopted. 

This manufacture is also carried on in England. Before the removal 
of the cattle market from Smithfield to Pentonville, and the pulling 
down of houses to form Victoria Street, most of the English workers 
in this disagreeable trade con ted in and near Cow Cross, A mould, 
or group of 800 pieces of gold-beaters’ skin, is yalued at no less than 
10L., for gold-beating pu 5 

GOLD BEATING. This is a process whereby gold is brought to 
the state of very fine leaves, for use in various kinds of gilding. The 
remarkable ductility of gold—a quality possessed by it in a greater 
degree than by any other known substance—is here taken rinse 
of to the fullest extent, as a means of limiting the quantity of this costly 
material required in gilding. So far is the attenuation carried, that a 
hundred square inches of nearly pure gold can be purchased for about 
aixpence. 

It is by a combined process of rolling and hammering that the 
attenuation of the gold is produced, The metal is melted in a small 


mould is 


plate abo 


of 
This mill consists 


pi pa gl sec peter 
rollers made of polished , perfectly eylindrical in , and 
with very great nicety ; it must so.act as to reduee the gold eq 
cee sarki ine See Sanne eee eee ee proper! 
on, The milling is continued until the ingot of two ounces 
oub-to a surface of 960 square inches, with a thickness of 
than 1-800th of an inch. 

This thin riband of gold is then consigned to the hands 
beater, The hammering does not take place on the 
thin membranes are interposed between the hammer and the 
These membranes are of three kinds ; an outside covering of common ; 
parchment; a set of leaves made of very fine and smooth calf by 
vellum; and another set made of the gold-beaters’ skin described in 
the last article. The riband of gold is cut up into small , each — 
measuring exactly an inch square; and a hundred and 
ore eres aa oe ae sanerse leaves of vellum, about ie 
inches square ; iece of gold being placed on the middle ofa leaf 
of vellum. Over this, packet of vellum-leaves is drawn a : ra 
case, open at both ends; and over this another parchment case at righ é 
ial as." ete pace! chs roars ttn” his beating 
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on all sides, The entire et thus pre is beaten. This ing 
is effected on a smooth block of marble, strongly imbedded 
and bounded on three sides by a raised ledge 
edge is open, and has a leathern flap attached to it, which serves as a 
kind of apron for ing fragments of gold that may fall off in the - 
subsequent operations, The hammers employed are very ponderous, == 
weighing about sixteen, twelve, and ten pounds respectively; the Ls 
heaviest is used first, and the others are brought into use as ¢ 


at intervals, to see how the o is proceeding, 
is continued until each little inch-square piece of gold 
expanded nearly to the size of the vellum-leaves; and in order 
the whole of the hundred and fifty pieces may be equally acted 
the et is occasionally opened, and the inner pieces placed near the. 
outside, to receive more action from the hammer, 

When this degree of attenuation has been reached, the use of the 
The pocket 5 sae op a the br pcrsd skin aie 

e et is opened, and piece of , being taken out an 
placed on a kind of cushion, is cut into four pieces with a peculiar 
smooth-edged knife, . 

The pieces of gold, now increased in number from a hundred and ' 
fifty to six hundred, are interleayed with an eget number of pieces of : 

us pre} is enclosed 


the pre gold-beaters’ skin. The packet 

in ent, and beaten in the same way as , but witha | 
smaller hammer. The pieces of gold become expanded, = 
until they attain nearly the size of the skin-leaves. The et is 


again opened, the leaves of gold are J 
aes healer y mariage ab og -beaters’ skin. The cutting is, _ 
in this second instance, effected by the smooth edge of a strip of cane, : 
sinee the thin rola wuake Bataials wiiisre to ested y 
pieces of gold, now two thousand four hundred in ni 
too numerous to be beaten in one packet, they are di into three 
each packet is interleaved with 
, and beaten in the same 


the leaf-gold weigh no more 
surprising as anything presented in the mechanical arts. Gold can be 


beaten to a much greater of thinness than that ontine ee = 
but the waste occasioned by broken leaves, and the additional nicety - 
and labour required, more than counterbalance the advantages. 3 
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When the last beating is finished, the packet is opened, and the thin 
leaves of gold removed one by one. The goldbeater makes use of a 
delicate pair of long pincers, made of white wood, and takes up the 
fragile leaves of gold one by one. Each leaf is laid down on a cushion, 
and blown out flat by the breath of the workman: if any of them have 


riband is cut into pieces an inch and a half long by an inch wide, and 
1-24th of an inch thick. Twenty-four of these are laid one on 
another on a smooth slab of steel, and hammered until they are 
inches square. Fifty-six of those expanded leaves are made up 
a packet, with two leaves of vellum between each. This packet 
enclosed in a sheath, and is beaten with a hammer in the same way 
in England. Indeed the hammering and quartering, and the use 
of vellum and then of gold-beaters’ skin, are the same in most of 
features as those already described ; but the French gold requires 
hammering on account of the greater weight and size of the 
at the commencement of the beating. : 
metals, silver and copper, have sufficient ductility to be 
the state of thin leaves by hammering; and both are 
a limited extent in this state in the arts, But these metals 
fracture long before such a degree of thinness could be obtained 
the case of gold; and indeed the smaller value of the material 
renders it less important to economise material in this way: conse- 
quently leaf silver and copper are thicker than leaf-gold. 

Two inventions of recent date may be briefly noticed here—Lane’s 
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it workable. Mr. Lane’s suggestion is, to use a central plate of nearly 
pure gold, with two plates of alloyed gold on the two surfaces: the 
alloy.to have any tint, or any — of purity that may be desired. 
The three plates are heated nearly to fusion, which enables them to 
combine into one ingot, afterwards rolled and beaten in the usual 
way. ‘The advantages of this method are assumed to be, that the 
colour of the leaf is variable at pleasure ; and that the pure gold inside 
affords a highly malleable foundation, which carries the two surface- 
layers with it. The other novelty, Bennett’s machine, is one among 
contrivances which have been introduced to hammer the gold by 

, instead of appl manual labour to. it. Most of them 

have failed, on account of the nice adjustment of force necessary. In 
Bennett’s machine a steam engine, by means of a band, gives motion 
toa fast-and-loose pulley, which in its turn causes the rotation of a 
shaft or axis. A cone on the axis, by means of a band, gives motion 
to another cone on another axis; the band, by minor adjustments is 
made to shift along the surfaces of the two cones, as a means of 
ting the speed of the hammer connected with one of them. 

axes, pulleys, bands, wheels, crank-pins, connecting rods, 
and cross-heads, allow the motion to be brought to bear upon 
The mould, or 


Notwithstanding the ingenuity 
a all the leaf-gold manufact 
LD-LACE FACTURE. + The beautiful substances, gold 

and silver lace, are produced by the application of a very thin coating 
of the precious metal to threads of silk. In the inal and long- 
y method, a stiffened thread is thus 

be production of cloth-of-gold and other heavy tissues; but recently- 


ld ; the thickness of the gold being to 
of 1 to 22. A little m and a 
pressure are all that are to hold the gold in its place. 

The rod is made red-hot in a pan of charcoal; then taken out, 
hammered, and rubbed with a piece of wood. The rod, about three- 
bya of an inch thick and six or eight inches long, is next drawn 
wire, ey rude apparatus, but one which the patient and 
ingenious 00 or cleverly ; it successively through 
eee petty tach tner * the one that preceded 
it. metal is heated and annealed after each drawing; and this 
Cee eng li Ria Bho ee 
brought down to the thickness of whipcord, Another set of wire. 


drawers, with greater skill and more delicate fingers, are next em- 
ployed; they draw the metal through fifteen or twenty holes in 
succession, until it is reduced to the thickness of the finest hair, The 
gilt-silver is now too thin to be woven by itself; it would not possess 
sufficient strength; but it will serve as a covering for silk thread. 
The fine wire is flattened by a highly-polished steel hammer, working . 
against an equally polished steel anvil; one blow with the hammer 
suffices to flatten eight or ten wires placed side by side; and the wires 
unwind from small bobbins or reels as the flattening proceeds. The 
orange-colour silk is then coated with the wire, by a twisting process, 
almost wholly without tools, and such as none but the delicate fingers 
of the Hindoo could perform. 

English gold-lace is made in a manner which has recently been 
described by Mr. Bennoch, in a paper read before the Society of Arts, 
based on information obtained at the establishment of Messrs. Johnson 
and Simpson, Here, as in India, there is first the preparation of 
arod of silver; then the coating of the silver with gold ; then the 
reduction of the rod to the state of wire; and finally, the twisting of 
the wire round orange-coloured silk thread. The silver best suited 
fer this purpose is obtained from lead, and is characterised by great 
tenacity and toughness. It is purchased in the form of a cake, which 
is melted to a white heat over a charcoal fire, and poured into an 
ingot mould made of iron or copper. The silver ingot so cast is about 
two feet long by two inches in diameter. It is brought to a red heat 
over ac fire, and is beaten with hammers until its length is 
increased twenty per cent.; its substance being also rendered more 
dense and compact, by the fibres being then in parallel directions, 
Then begins the process of reduction. The ingot is drawn through a 
hole with a steam-engine force of 16-horse power, reducing its diameter 
and increasing its length. Again and again is this done, ten or twelve 
times, a smaller die being used each time. The attenuated rod is then 
thoroughly cleansed, and is ready for the application of the more 
precious metal, As the gold is applied in the form of leaf, and as all 
the leaves are of about equal thickness, different qualities of gold-lace 
are uced by varying the number of gold leaves laid on one over 
another; the commonest kind, for livery-lace, for the ends of muslins, 
and for skein-thread exported to India and China, have about ten 
layers of gold leaf; the best kind, for military purposes and for bullion- 
embroidery, have thirty ; and between these extremes there are many 
intermediate kinds, The leaves are piled one on another to the re- 
quisite number, and such piles are laid side by side till they equal the 
length of the silver rod; the rod is rolled gently upon them, and the 
gold slightly adheres, without the intervention of size, water, or any 
other agent. The rod so oyerspread is enveloped in paper, tied 
round with a peculiar kind of cord, and, placed in the centre of a heap 
of lighted charcoal ; the paper and cord do not consume until the bar 
becomes nearly red-hot. The rod, while hot, is burnished with a 
blood-stone, to expel any air that may remain between the gold and 
silver, and to increase the closeness of contact of the two metals. 
When cool, the rod is coated with wax, and is ready for the wire- 
drawing process. The drawings, heatings, and annealings, are very 
numerous ; for it is necessary to carry ou the process of attenuation 
by minute degrees. So long as steel dies, or perforations in steel plates, 
were alone used, the silver-gilt rod could not be brought finer than 
1000 yards to an ounce of metal ; but now, perforated rubies are used 
for the finer kinds, and an ounce of the metal can be brought to the 
surprising length of a mile and a quarter. Concerning this invention, 
Mr. Bennoch said :—“ There are not more than three men in London 
capable of perforating and setting these ruby dies properly ; and one 
man, who works probably not more than three hours a day on the 
average, has received from one wire-drawing firm as much as 500/. or 
600, in a single year.” Even this wire, finer than any human hair, 
has so much tenacity, that a piece twelve inches long will bear twelve 
ounces weight. The wire, after being slightly deepened in tint by 
passing over a heated cylinder, is flattened in the flatting-mill. This 
consists of two small steel rollers exquisitely turned and polished; 
they are brought from Rhenish Prussia, and have had such a large 
amount of labour and skill bestowed upon them, that they command 
the enormous price of 120/. the pair. ‘The wire, flattened to twice or 
thrice its original width, and proportionably reduced in thickness, is 
then twisted upon or around a silken thread, by the aid of bobbins, 
reels, and a spinning-frame. A beautiful gold thread is thus produced, 
applicable to the making of gold-lace, embroidery, fringe, &c. Perfectly 
golden as the exterior is, however, it is surprising how little real gold 
the thread contains; for, of the whole bulk, nine-tenths is silk, and 
only one-tenth metal ; and, in the average kinds, one-fiftieth part of the 
metal only is gold, the rest being silver; so that the gold constitutes 
no more than one five-hundredth part of the substance of the thread. 
Estimated by one man’s labour, it takes 700 hours to reduce the ingot 
of silver, weighing about 400 ounces, to the finest wire; so extremely 
numerous are the drawing processes; in the finest kind, the ingot 
would be elongated to 500 miles of wire. Only 8 ounces of gold 
are applied to the ingot of 400 ounces; consequently, as a mile and a 
quarter of the finest silver-gilt wire weighs only one ounce, one ounce 
of gold suffices to envelope more than 60 miles of such wire. 

It has long been believed that the electro-metallurgic process will 
ultimately be rendered applicable, both to fibre-plating and fibre- 
gilding, either in the or in the fabrio, Up to the present time, 


oo GOLD-LACE MANUFACTURE. 
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no such processes have actually succeeded as substitutes for gold- 
lace made on the mechanical m above described; but we shall 
ntly have to notice one applicable to other pu 

Silver-lace is made by plating silken thread with a flattened wire 
of silver. The are analogous in principle to those just 
described, but of course less elaborate and less costly. 

Fibre-gilding.—The gilding of fibre has lately occupied a good deal 
of attention. Chemists and manufacturers have long sought for a 
mode of coating fibres quickly with gold by some chemical process, 
as a substitute for the slower and more costly mode of fibre-plating. 
The French government several years ago offered a prize to the 
inventor of any such process; but no one earned it by success. 
Electro-metallurgy then seemed to open a new path, and many in- 
genious researches were made; but it was found that, although gold 
could easily be made to attach itself to the thread, the thread was long 
in drying through being soaked with a solution, and dried without 
lustre; while the foundation was too soft to admit of burnishing. In 
short, the brilliancy of gold-lace was not at all imitated by this 

roduct. 
: After many chemical experiments, Mr. Albert Hock succeeded in 
devising a mechanical contrivance. It is requisite that the silk should 
be of superior quality, free from knotty nibs and rough places; that 
the gum should be boiled out of it; and that the silk be dyed toa 
light orange tint. The silk thread is wound on bobbins; and when 
about to be gilt, it is transferred to a brass roller, around which it is 
wound so carefully as to admit neither of interstices nor overlapping. 
In its passage it passes through a trough containing a glutinous but 
transparent liquid. Leaf-gold is then laid on the coil of gummed silk, 
in pieces between three and four inches square; the cylinder being 
made to rotate partially to aid this application. Leaf after leaf is 
applied, until all the silk is covered. The gold is then pressed down 
upon the silk by a piece of cloth or wash-leather fastened to a piece of 
wood, One side of the silk thread becomes thus gilt. To gild the 
entire thread, it is transferred to another cylinder: during the passage 
the gilt side necessarily winds next to the brass on the second cylinder, 
leaving the ungilt part of the thread exposed, to be treated in the same 
manner. If it is desired that the woven fabric should present a rich 
alternation of gold and colours, the silk thread can be dyed of any 
colour chosen, and only one side or half of it covered with gold. The 
finished thread is wound upon boards or planchettes, ready to be 
applied to weaving, lace-making, fringe-making, or any other purpose. 
The advantages of this gilt fibre over gold lace are—that the material is 
light and pleasant for garment fabrics ; and that, owing to its lightness 
and perfect flexibility, it can be wound and woven with perfect 
facility. The disadvantage is, that it cannot be made to present the 
brilliant and dazzling effect of thread plated with gold. As regards 
cost, it is said that the finest plated thread, selling at 8s. per ounce, 
measures 550 yards to the ounce ; and that gilt thread of equal fineness 
and length, but weighing only one-third of an ounce, sells at 5s. The 
gilt fibre is dearer than the plated when estimated by weight, but 
cheaper when estimated by length. Although good gold is necessary 
for the best work, any combination of gold and silver, gold and copper, 
silver and copper, or all three, would suffice, if applied in the form of 
leaf. In some varieties of gauze scarfs the leaf metal used is wholly copper. 

Mr. Hock’s method of fibre-gilding is not the only one practised. 
Mr. Green obtained a patent in 1853 for a mode of covering thread 
with gold, ultramarine, emerald green, and various kinds of coloured 
powders. He employs metallic powders in the following way :—The 
thread is first dyed in the usual way; then wound upon a reel; then 
passed rapidly over a’gas-flame to singe off loose filaments ; then passed 
over a roller which dips into a trough of transparent gum; and then 
between pads of leather to remove any superfluous'gum. “Thus far 
prepared, the thread passes over a roller which dips into a trough con- 
taining gold powder or any metallic colour in a pulverulent state ; by 
which means it becomes coated with a very thin metallic layer. After 
this the layer is dried. In one variety of the process the gumming 
compound is mixed with the metallic powder, instead of being applied 
previously to the thread. A slight degree of polish is given to the 
gilt thread by passing it between highly-polished steel rollers. 

Other inventors have been at work in the same direction. The 
Prussian Industrial Association offered, for many years consecutively, a 
prize of 1000 thalers and a gold medal to any one who should invent an 
effective mode of gilding silk, on condition that the silk underwent no 
alteration in other respects, After many unsuccessful competitive 
attempts, Dr. Kroning of Stolberg gained the prize. The method he 
invented is applicable either to woven or unwoven silk. The exterior 
metallic surface is brilliant, and yet the thread remains perfectly 
flexible. When soiled, the thread or fabric may be washed in soap 
and water, and preased lightly before drying. 

Electro-gilding, we have said, has not yet been rendered applicable 
in the gold-lace manufacture. There is one invention, however, by 
M. Burot, which relates to the gilding of woven stuffs. The textile 
material to be gilt, whether made of silk or any other fibre, is dipped 
into a solution of nitrate of silver and ammonia, After remaining in 
this solution about two hours, it is taken out, and, when dry, ex 
to a current of pure hydrogen gas, which reduces the salt, and leaves 
the silver in a metallic state on the stuff. A silvered surface is thus 
obtained, which can easily be coated with gold by the electro-metallic 


process. Gilt and silvered fabrics of considerable beauty are thus 


produced, 

GOLD-LEAF ELECTROSCOPE. [Exxornicrry, Common ; Euro- 
Saath 

GOLDEN FLEECE, [Arcoyavrs.] 

GOLDEN NUMBER, s0 called from its having been formerly 
written in gold letters in the almanacs, is the of the cycle of nine- 
teen years in which the current year falls, To find it, add one to the 
year of the Christian era, and divide by nineteen, the remainder is the 
golden number of the year; but if there be no remainder, then nine- 
teen is the golden number, For the derivation and use of this number, 
see Pertops or Revo.urioy; Meroyic Cycie. 

.GOLDEN RULE, a name given to the rule of three, from its 
universal use. [ProporTion.] 

GOMER CHAMBER. [CHamsern.] 

GO'NDOLA is the name given to the boats at Vi _ 
which are very numerous, and serve as a substitute for the coaches , 
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carriages of other cities, ‘The town being built on many little islands, 
to 


divided by numerous canals, people of every condition are 0! 

make frequent use of the gondola, in order to proceed from cos ease 
toanother. The gondola is shallow, long, and narrow, pointed both at 
the head and stern, and rowed by either one or two men. It is gene- 
rally from 25 to 30 feet in length, and 5 feet in width in the middle, 
where a square cabin is constructed for the use of the passengers, 
cabin is furnished with commodious seats, and has glazed windows and 


honesty. Since the fall of the republic the nuriber of gondolas has. 
greatly diminished, owing to the decrease of the population and its 
reduced fortunes. Byron, in his ‘ Beppo,’ st. 19 and 20, describes the 
singularly dark appearance of the gondola,—“ just like a coffin clapp’d 


from gund, which in the Frankish and Vandalic dialects meant “ war,” 
or “ fight,” and fano or fahne, which in German means a “ flag” 


§ 


“standard ;” the two together mean a “flag of war.” (Wachter, 


*Glossarium Germanicum, art. “Gund;” and Ducange, art. “ Gunt- 
fano.”) Both the French and Italians of the middle ages 
word, and the latter corrupted ‘it into “ gonfalone,” and c: 
officer whose duty it was to carry the ensign “gonfaloniere.” We read 
of the gonfaloniere of the Holy Church, who was the commander-in- 
chief of the papal forces. The title of Gonfaloniere di Giustizia was 
given to a high magistrate of the republic of: Florence, appointed by 
the constitution of 1292. [Dayre, in Broc. Drv.] The republics of 
Siena and Lucca had also magistrates called gonfalonieri. 

GONG, a Chinese musical instrument of percussion, made of a 
mixed metal of copper and tin, in form much like the cover of a 
culinary caldron, being circular, varying from about 15 to 20 inches 
diameter, and having a rim of from 2 to 3 inches in depth. It is struck 
by a kind of drum-stick, the head of which is of hard leather. The 
sound or sounds of this instrument—for it produces many jarring ones 
simultaneously—can hardly be called musical; and in fact the gong, 
which is very powerful, is only used for the purpose of meng egret! 
signals, of marking time, and of adding to the clangor of the martial 
instruments used in war. 

GONIO’METER (from two Greek words ‘ywvia, an angle, uérpor, a 
measure) is the name of an instrument employed to determine the 
angles at which the planes of are inclined to each other, 
[Anete; PLang.] The principle of the common goniometer is simply 
this, It may easily be shown that if two right lines intersect one 
another, the opposite angles thus formed will be equal. oe 

ing the point of intersection as a centre, about which either | 
suppean oas.of the edges of s sold bouuited ey plamnisatsoer baste 
su one of the edges of a soli vy to be. 
a lied to that centre, so that the may be dicular to the 

in which the two right lines are situated, and then su 
Feces to coincide with the two contiguous planes of the solid, it will be 
evident that the divergence of the lines will be the measure of the 
inclination of the planes, A are being 
line which we supposed fixed, the cage of the other line would 
indicate the number of degrees at which the planes of the solid were 
inclined to each other. As this instrument, however, when applied to 
laminated substances, such as crystals, is incapable of affording results 
sufficiently accurate to determine the species to which the crystal 
belongs, in consequence of the frequent irregularity of the fracture and 


the ordinary minuteness of the planes, we without dwe! 
tructi ae to describe the more tee 


longer upon its n, pr 
instrument invented by Dr, Wollaston, and called the reflective 
iometer. : ; 


situated in the direction of the reflected ray the object from which 
ray emanated will appear as much below that plane as it is really above 
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 adeey is, the difference between that 
should not be altered, and the rays in both instances should be 


use, a8 also in a 
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it. If therefore we place one of the planes of a crystal in such a 
position that the reflection of an object above the plane may appear to 
coincide with another object beneath, and then turn the crystal until 
the reflection of the same object above (from the second plane of the 
bo er again appear to coincide with the same object below, it 

appear that the arc which the crystal will have described 
of the arenes oe the inclination of its two 
inclination and 180°. In 
crystal the direction of the edge common to its two planes 
reflected 
from that portion of the planes nearest to their common edge, other- 
ae Sopa | 5 Soemgggace esa Such is the principle 


of Dr. Wollaston’s Sat tices» goniometer, by means of which the 
inclinations of area is less than the 100,000th part of a 
uare inch ma: eB coysy determined within a minute of a degree, and. 
ich is eq! effective whether the fracture be even or irregular. 


The instrument itself consists of a graduated circle mounted upon a 
horizontal axis, to one extremity of which is attached a moveable pin, 
having a slit for the of receiving a small brass plate. To this 
plate by means of a piece of wax, so that it may 
e edge of the plate. The pin (which is provided with 


Seen of any convenient object above appears to coincide with 


_ some one gree pd beneath. The instrument being thus adjusted, the 


is turned until a similar reflection is obtained from the 

eee eee the coral. The are which the circle will then have 

oo aka: secret sin aapackar ayer repeat of the 

crystalline planes ; but the margin of the circle being 

and be read ; “i he oa 

computation, may ° means of the vernier 
[Versrer cab soasitanble x 4 

GONIO RY, the measurement of angles; a name which might 


‘be oh ecg res for Triconomernry, if it were advisable to alter esta- 


tions. The latter science, beginning with the measure- 
ment a tings, mae al that was known of the analysis of angular 
ra girs own peculiar instrument. The various accessions which 
afer were therefore considered as additions. to 
trigonometry : Reis ssc tiwh ak this der, under a word which imports 
measurement of triangles, we fawn science which wanders as far 
pote cay ataperety try does. 
GOOD FRIDAY, name given to the day of our Saviour’s 
Crucifixion. . Sateen sage oh Chiceolaalie ts tag, seat: 
called Good Friday, has been held as a solemn fast; its 
of Good being applied eatge blessed effects which 
ap headend oa 
is in England only that this da aa of Good : 
Set and approj title was Holy rea the rriday io lily 
Week. Offices Tenebrer, that is,“ darkness,” are sung on this 
day, and on its eve and morrow, by those belonging to the Romish 
The lights are extinguished in reference to the supernatural 
darkness at our Saviour’s Crucifixion, and nearly at the end of the 
service a solemn silence is ‘ancrad Uncmahech. tee ehaach which is 
suddenly succeeded by a tremendous noise, in token of the rending of 
the veil of the Temple, and of the disorder in which the very frame of 
nature was involved at that momentous event. Good y and 
Christmas Day are the only two days observed in England by a total 
m of business, 
_ aes for the day, called, from the mark impressed upon them, 
cross-buns, still, even in the metropolis, form the general breakfast on 
Good Friday; but are not further noticed. In some of the distant 
counties, such as are not eaten are ed, to be used as an infal- 
faithful Grondhock. the, year. The practice of 
to have originated simply in the desire 
anciently allowed on this solemn fast a 
ing some sort of 
ee scecsal bsed eof i antiquity The Jews and the Greeks had 
A amemapicn ) has Sees ikes to nockts her ;” 
Sith Greeks go the nat of Ron (Bou) hr era brew 
Hospinian (‘ Orig. Festorum,’ fol. 61 b.) tells us that the kings of 
England had a custom of hallowing with much ceremony on 
Good Friday, the wearers of which would not be afflicted with the 
falling-sickness, 


A sermon used to be preached on the afternoon of this day at 
Paul's Cros a¢ which the lord-mayor and aldermen attended in their 


es ang peepee les on od Friday was go of the Popish 
‘ormerly practised in England. ceremonial of it is 
ThA Bishop Percy in the notes to the ‘ Northumberland House- 


GOOSEBERRY. The Ribes Grossularia, indigenous to Britain and 
‘some other European regions of cool temperature, and also to the 
mountains of North America, at an elevation of from 2000 to 3000 feet 
above the level of the sea, is the origin of the man: hundreds of kinds 
of this wholesome fruit now in cultivation. Its Botanical position is 
described under Rises, in Nar. Hist. Drv. Its use, as is well known, 
is more or less within the reach of pba, Hs It is the earliest fruit 

; and it may preserved green for winter 
ripe state. The plant bears so abundantly that a large 
ARTS AND SOL. DIV. VOL, IV. 
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quantity may be thinned off for tarts, pies, sauces, ai in the early 
part of the season, and still, if done judiciously, a sufficiency left for 

ing. The gooseberry will ripen in the extreme northern parts of 
Britain, near the level of the sea; andi in lat. 57°, even at an elevation 
of 900 feet, it acquires great perfection with regard to flavour. In hot 
seasons, in "the southern counties, the fruit cannot endure full exposure 
to the direct rays of the sun, which sometimes make it appear as if 
scalded ; under such circumstances evaporation takes place from the 
whole surface faster than the subjacent tissue can repair the loss: the 
consequence of which is a meer emptying of the superficial cells of 
the fruit, which produces death. 

The temperature and other circumstances which various species of 
fruit require in the course of ripening are very important to be known, 
as they vary in all probability in every different species. In some 
cases the secretions are formed rapidly; growth is moreover quick 
from the period of flowering ; a rapidly-increasing temperature, 
attended by atmospheric moisture, is best suited to the perfection of 
the fruit : such is the case with the apricot. The fig, on the contrary, 
demands a long, steady, high temperature, and a dry atmosphere. 

In the case of the guoseberry, it ap’ that the flavour is best 
where the low temperature of the ni brings the fruit more gra- 
dually to maturity than it does in the south, where the fruit is in 
danger of being scorched, and where it ripens far too quickly to 
acquire the peculiar flavour which it attains in its favourite climate ; 
and a different method of pruning and training ought to be practised 
accordingly. Thus in the edt the branches should be left thin, so as 
to expose the fruit, and with the same view the spurs should be short. 
In the south the trees shoyld not be laid so open, and the lateral young 
shoots, instead of being cut close in, immediately above the fruit-bud 
at their base, should have two buds left to produce leaves for shading 
the fruit in summer. 

In the manufacturing districts of Lancashire and the adjoining 
patvong the cultivation of the gooseberry has been brought to sur- 

rising perfection, at least as regards the size of the fruit: and this 
chiefly by the manufacturing cl , in conseq) of prizes being 
awarded to successful competitors at the gooseberry- show meetings. 
Judging from the quality of the varieties grown for competition in this 
way, it appears that weight is the only qualification required ; it is, 
however, much to be regretted that flavour is not also taken into 
account. From the of this requisite, many of the fine Lancashire 
gooseberries are not at all worth cultivation, except on account of their 
coming to a size bape tf large for cooking earlier than the smaller. 
For this purpose those with smooth skins should be avoided, because 
the skins become tough in the process of cooking. 

For flavour, the emall, or “ Old English” kinds, are far the best, and 
indeed are the only sorts worth growing; but they do not look well 
among a dessert. e give below a list of ‘such sorts as are proper for 
a selection, when flavour is the principal object; and another in which 
mention is made of the best Lancashire varieties, where flavour and 
size are in a tolerable degree combined. 

Gooseberries are arranged systematically according as their colours 
are red, yellow, green, or white ; and subdivided with regard to their 
surface being hispid, downy, or smooth. 


Small, or Old English, Gooseberries. 


Division 1. Fruit Red: 15. Amber. 
* Surface hispid. 16. Yellow Ball. 
h Red. Division 3. Lrwit Green. 


" Small Red Globe. * Surface hispid. 
. Small Dark Rough Red. 17. Early loved Hany, 
. Scotch Best Jam. 18. Glenton Green. 


19. Hebburn Green Prolific. 


si ; 
F 
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Keen's Seedling. eee Surface smooth. 
. ° 20, Pitmaston Green Gage. 
. Lie igs ae 21. Green Walnut. 
eee Surface smooth. rig 4, Fruit White. 
Surface hispid. 
10. Red Turkey. 22 ies 
Division 2. Fruit Yellow. 23. White Cham 
he Sirota ispil 24, Taylor’s Bright Venus. 
11. Early Sul ** Surface downy. 
12. Yellow aa 25, Early White. 
13. Hebburn Yellow Aston. vee Surface smooth. 
** Surface downy. 26. White Damson, 
14, Rumbullion 27. White Honey. 


*** Surface smooth, 28, Crystal, 


Of the above, Nos. 1, 3, 4,5, 7, are excellent for mg No. 14 
is the best sort for bottling pm The earliest are Nos, 9, 11, 17, 21, 
25, 27; and the latest is No. 8 

Large, ov Lancashire, Gooseberries. 


Division 1. ruit Red, Boardman’s British Crown. 
* Surface hispid, Bratherton’s Huntsman. 


Leigh’s Rifleman, * * Surface downy. 
Lomas’s Victory. Berry’ s Farmer's Glory, 
Melling’s Crown Bob. * * Surface smooth. 


Fr 
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Farrow’s Roaring Lion. Massey's Heart of Oak, lation in the first three centuries, but four namely, Matthew, 
Rider's Scented Lemon. Edwards's Jolly Tar, Mark, Luke, and John, were repeived by the fathers a5’ of divine 

Division 2. Fruit Yellow. Large Smooth Green. pry Several Paden other are —— by the pry but ‘ 
wre fefecrmmie” | Dinkon 4 Br hte | Mbaaeing enya nth of Grae wd ry 
Dinca’ Galton See “berg ce Nani the church received only four (Hom. in Luc.’ i.1.) We 
D ie | Cleworth ‘Ser Wms Fem a ae quotations from them in the writings of the apostolical fathers, 
ae basil ; ‘ AA wi ¢ exception of a doubtful passage in Irenwus(Lardner’s ‘ Works,’ 
Princess Royal. Woodward's Whitesmith. vol. ii. p, 91); none of them appear to have been written till the 2nd 
Hopley’s Lord Crewe. ts ellington 8 Glory. century, and several not till the 3rd. The which 
‘Sa Surface downy. | Saunders’s Cheshire Lass. had the widest circulation were, the Copels beak a (rar © Twelve 
Parkinson's Laurel. | © ** Surface smooth, Apostles, the Hebrews or Nazarenes, the Egyptians, The 
sony gi Pap . | Cook's White Eagle. according to the Hebrews, which is supposed by some critics to be 
urface sm i 


The Pruning of Gooseberries is performed any time during the winter, 
and before the sap begins to be in motion in the spring. e operation 
consists in removing all cross laterals, so as to leave the branches as 
nearly as possible at regular distances, round an open centre, except 
where the heat of the climate renders it necessary to retain branches 
in the centre for shade; and the points of these branches, where too 
extended, or weak, should also be shortened to some well situated bud. 
Very strong shoots, assuming the character of robbers, should be cut 
clean out, except such as may be occasionally wanted to supply vacancies. 
It is however better economy, with regard to the health of the tree, to 
pinch off the tops of these strong shoots in the summer, and thus 
prevent their monopolising the sap from the other parts. Suckers, on 
the same principle, should be prevented from growing at the root. 

The branches in all cases should be pruned to a single terminal shoot, 
In short, the plant should exhibit a regular appearance without any 
overcrowding in one part and deficiency in another, 

GORGE, in fortification, is the name given to that part of any work 
which lies directly between the interior extremities of its faces or 
flanks, as between f and g, fig. 1, Bastion. 

The'prolongations of the magistral lines of two collateral ramparts or 

‘walls, till they meet in the interior of any work, as / 8B, g B, are called 
the demi-gorges of that work. 

GORGONS, GORGONES, are certain mythological personages, who, 
in their vulgar (acceptation, were represented as three daughters 
of Phoreys, a marine god, and his wife Ceto, Their names were 
Medusa, it Apa and Stheno. Homer, both in the Iliad and Odyssey, 
mentions only one Gorgon; Hesiod, however, speaks of three. Many 
wild and discordant stories were told of them, such as their pe 

+ wings, sharp crooked claws, teeth like the tusks of the wil 

, and snakes instead of hair, and one eve among the three, and 
yet some poets have represented one of them, Medusa, as a very 

inating creature, (Ovid, ‘Metamorphoses,’ b, iii.) Her hair was, 
however, changed into serpents, for having violated the purity of one 
of the temples of Athene. The Gorgons were represented by Hesiod 
as living in the farthest west, beyond the limits of the known world, 
by Night and the Hesperides ; later writers placed them in the unknown 
regions of Libya. They were said to have had the power of turning 
into stone all those who gazed at them. At last Perseus, the son of 
Jupiter and of Danaé, set out, encouraged and assisted by Athéne, to 
encounter the Gorgons, and he conquered them, cut off the head of 
Medusa, from whose blood, dropping on the ground, the horse Pegasus 
was engendered. He then gave the head of Medusa to Athene, who 
fixed it on her gis or shield, which ever after had the power of turning 
. the beholders into stone. In representations of Athene the head of 
Medusa frequently occurs. In Greek sculpture of the best period 
the features of Medusa are extremely beautiful, but with a certain 
stern and terrible expression, latent however rather than fully evolved. 
At times, in sculpture, and on coins and gems, the head is almost 
hideous, A Gorgon’s head was the usual ornament on the upper part 
of the breastplate of a Roman emperor : one is figured on the statue of 
Hadrian, in the Roman Saloon, British Museum. We give acut of a 
Gorgon’s head from a terra-cotta frieze in the British Museum, Greco- 
Roman Basement Room. 
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Gorgon’s head, from a Terra-Cotta in the British Museum, 


GOSPEL, derived from two Saxon words of the same meaning as 
the Greek evangélion (ebayyéAov), which signifies “good news,” is 
employed both by the authors of the New Testament and by modern 
theologians to denote the whole Christian system of ion, and also 
more particularly the good news of the coming of the Messiah. The 
books contsining an account of the life of Christ were also called 
gospels by the ecclesiastical writers. Many such gospels were in circu- 


same as that according to the Twelve A: , Was written, in all 


bability, in the beginning of the 2nd century, in the Syriac 
aaa It appears to ve been taken principally from St, Matthew's 


Gospel, with additions from the other , and oral tradition, 
It has been maintained by some critics that this gospel was written by 
St. Matthew, and that the Greek bearing his name in the New 
Testament was only a translation of it. 

The Apocryphal Gospels which are extant are, ‘The Gospel of the 
Infancy of Christ,’ all to have been written by Thomas, and by 
Matthew : it was received as genuine, and is found in the works of 
St. Jerome, who lived in the 4th century; the ‘ Gospel of the Birth of 
Mary ;’ the ‘ P; ion of James,’ and the ‘ Gospel of Nicodemus.’ 
These were published by Fabricius, in his ‘Codex A) us Novi 
Testamenti,’ 2 vols, 8vo., Hamb. 1719-1748, and by Jones, with an 
English translation, in his ‘ Method of Settling the Canonical Au 
of the New Testament,’ 3 vols. 8vo. Lond. 1736-7. 
the Birth of Mary,’ the ‘ Protevangelion, and the ‘ of : 


were held in reverence by, and contained some of the principles of, the — 


sect of Gnostics. These gospels appear to have been written with the 


object of supplying the su deficiencies of the canonical gospels, 5 
They abound Aap Mens} and improbable tales, principally relating to 
concerning ‘as 


the early life of Christ, and contain hardly any 

his public life and ministry. The writings of the fathers give the 
names of many other sa the following is an germs 
list: —Andrew, Apelles, , Bartholomew, Basilides, thus, 
Ebionites, Encratices, Eve, Jude, Judas Iscariot, Matthias, Marcion, 
Merinthus, Peter, ok Scythianus, Tatian, Thaddeus, Thomas, 
Valentian. (Jones ‘On the Canon,’ vol. i., p. 145-150.) 

From the many verbal agreements and striking 
gospels of Matthew, Mark, and Luke, it has been maintained b many 
critics that they were derived from an original common to them 
all, which is supposed to have been drawn up by the disciples who 


.attended the person of Christ; and that this document, which was 


afterwards lost, is quoted by Clement and Ori under the title of 
‘ The Gospel According to the Twelve Apostles,’ This hypothesis was 
first introduced into this country by Dr. Marsh, in his dissertation 


‘On the Origin of the first three Gospels,’ and has been maintained in 
ame by Michaelis, Semler, Lessing, Eichhorn, Gratz, K 
Bertholdt, and other celebrated critics, An in’ ing account of this 
controversy is given in the preface to the translation of 
Schleiermacher’s ‘ Critical Essay on the Gospel of St. Luke,’ Lond. 
1825, 8vo. 

GOTHIC ARCHITECTURE. The term Gothic has long been 
almost Fogo ly assigned - aad ar of gece which 
vailed ugh a large part o! uring the middle ages. 
applied as a term of reproach, as synonymous in fact with barbarous, 
and having in itself no special approp: ess, Since it was certainly 


not by the Gothic races, properly so called, that the style was intro- 
duced or practised, it is not surprising that writers on Gothic archi- 


tecture have usually deemed it necessary to enter a more or less 
formal protest against its use. So generally is the term employed, 
however, so much has it indeed become incorporated into our language 
and literature, that it would be hopeless to attempt to replace it bb 
more fitting one, if even a more fitting one presented itself. t 
hitherto, at least, no satisfactory substitute has/ The 
term Christian Architecture at present much in vogue, is palpably a 
misnomer, What we must continue to call Gothic architecture, was 


never intended by its originators as in any way antagonistic to what it~ 
_| is now the practice to term Pagan Architecture; nor is there anything 


essenti Christian in the Gothic style, though it has been chi 

em) on _ ecclesiastical structures. As Mr. Petit pertinently re- 
marks, had St. Paul succeeded in converting the Athenians, no one 
can muppose that they would have constructed their churches in 
this style. In the modern Greek church it has never been em- 
ployed. Among Protestants it was almost equally unused before 
the Gothic revival which dates little more than a quarter of a century 
back; the fall of the true Medisval Gothic has indeed been by its 
more ardent admirers attributed to the of the Protestant 
spirit. It cannot be consistently styled , if even Roman 
Catholicism be taken as the exclusive type of Christianity, for in Rome 
itself, the very heart and centre of Catholicism, it has carats never 
obtained a footing. The term Christian Architecture is indeed as 
inaccurate as it is affected and sectarian. Nor can ‘the term Pointed 
Architecture be admitted as a desirable substitute for Gothic,—though 
(arched being understood) it is sufficiently significant of its ultimate 
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But Gothic architecture is now generally felt to be 
unduly restricted when it is confined to that branch of it characterised 


, or that to which the term Gothic is popularly re- 


‘The old vexed question of the origin of Gothic architecture, and of 
the pointed arch, its assumed characteristic, loses much of its signifi- 
cance under the view of its agent Ao ae gues acceptance. 
___- Gothic architecture it is seen in ity traces its pedigree to the 


4 ity and civilisation, the arcuated as opposed to the 
_ trabeated mode of construction continued to be practised. When the 


ancient 


the formation of the Romanesque style 
distinctive Satter ak 

the phases it assumed in different 
to a very inconvenient We 
notice of the round-arched h of 

e article RoMANESQUE ARCHITECTURE, and a 
iid abe sped preades that section of it which we are familiar with 
churches of our own country to the heading Norman 

our attention to Pointed Gothic 


this arti 


or arch of two centres, was formerly 

on Gothic architecture. That such dis- 
on an erroneous assumption, we have seen in the 
A pointed arch was known and used long before its 
the Gothic architects. Its employment was forced on 
e requirements, either in order to overcome the 
out of the necessity of vaulting over large and 
as Ware, Whewell, and able writers 

ing to the views of Mr. Scott, in order to get rid of 
outward thrust of a round arch of large span, or heavily 
original inducement to its use what it may, 
commencement of an entire in the 


more or less than an exact semicircle, in which former case it a es 
the horse-shoe curve, and in the latter becomes a tal or scheme- 
sia Ulmratore pointed by 


are equal to the radius, or one side of a hexagon described within a 
circle struck by it. When the radius is less than the span,—or, in 
other words, the centres are on the span itself—the arch becomes an 
obtuse-pointed one; and it is hardly necessary to observe, that the 
arch becomes more obtuse in proportion as the centres are brought 
nearer each other; for were they to unite, the arch would become a 
single-centred and semicircular one. All these varieties may occur in 
the same example ; because, if the mouldings be very numerous, and 
occupy a great space, as is frequently the case in doorways, being all 
concentric, some of the curves will describe inner-centred or obtuse, 
others extra-centred or acute arches, as may be perceived by this 
diagram, which, omitting the intermediate mouldings, will serve to 
exemplify the several varieties of the two-centred arch above defined, 


The centres in the intermediate figure (B) being at ¢¢ respectively, 
and the line joining c¢ being also the chord or span, B is an equilateral 
arch; a and ¢ are respectively obtuse and acute arches, the centres in 
the arch a being on the , and in c being without it, as above 
explained. The arch, so prevalent in our later or Perpen- 
dicular Gothic as to be almost characteristic of it, is, on the contrary, 
struck from two centres on each side, one on the span of the arch, and 
the other below it, as will afterwards be explained. 

Pointed Gothic, as a distinct style, dates from near the close of the 
12th century, Mr. Hope, in his ‘ History of Architecture,’ with many 
of the older Continental as well as English writers on Gothic, considers 
the pointed style to have originated in Germany, but its birthplace is 
now more commonly admitted to be France. Some have indeed sought 
to identify its origin with Suger, the famous church-building abbot of 
St. Denis; but this is at least doubtful. All that can with safety be 
asserted is, that at this time France was the great centre of eccle- 
siastical architecture, and that from her ed those new principles 
which were eagerly adopted by the architects of other countries. But 
the application of the pointed arch was not a sudden thought. Fora 
long time there had been a growing approximation towards those 
characteristics of which the pointed arch permitted the full expression. 
In the quadripartite vaulting of Romanesque crypts we see the first 
application of that system of vaulting which assumed its full import- 
ance in the pointed style; and pointed arches not infrequently occur 
along with semicircular ones in the later examples of Romanesque, of 
what has been called the Transition style. But, in fact, Gothic archi- 
tecture was always in a transition state; and it should be borne in 
mind when any icular style or form of Gothic is spoken of, that 
the subdivision into styles, classes, or periods, is merely a matter of 
convenience, Gothic classification has been dwelt on with very need- 
less emphasis in this country. It has been attempted to define, not 
only the broad divisions, but the minor subdivisions, and to separate 
po 4 by a distinct date of origin and termination, Now nothing is 
more certain thin that, during the whole period when Gothic archi- 
tecture was practised, there was a continuous course of modification, 
change, or transition, and that in some places the change advanced 
much farther and more rapidly than at others. The true Gothic 
architects seem never to have cared much for precedent. Those who 
had advanced far in constructing a cathedral on the old round-arched 
type, at the introduction of the pointed arch, without hesitation availed 

emselves of it in completing their building. If a church of early 
pointed date had “pape paprg 4 to be altered or ¢ , they made 
the new part in the style of their own day, not of that of the builders 
of the church. Hence we see everywhere a comparatively brief period 
during which a particular recognised style of Gothie was practised 
with only such variation as may be readily accounted for by the 
individuality of the designer, the necessities of the locality, and the 
like ; but, then, on both sides of that middle period there is an admix- 
ture more or less marked of the characteristics of the style which is 

ing away, or of that which is as yet only thus foreshadowed. 
Thus, with the period before us, we may see in our own country 
pointed Gothic arches, and other traces of the coming style, very 
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instructively intermingled with Norman round arches, &c., in parts of 
Canterbury Cathedral, the east end of Chichester and the choir of 
Lincoln cathedrals, of the fine abbey churches of St. Albans, 
Glastonbury, and bury, and in several other of our cathedrals 
and larger parish churches; and in France in Chartres Cathedral, the 
abbey of Fontensy,. the churches of Pontigny, St. Germer, and many 
others, and notably in those of Central France. And in speaking of 
these French churches, it deserves/to be noticed, that this transitional 
style, in which the characteristics of the Romanesque and the Pointed 
are so intimately blended, did, in fact, continue its existence through 
Central France,, Lorraine, and elsewhere pr the end . ~ wm 
century,—in other words, during nearl e whole range 0 early 
i ores (I (De Caumont, ‘ Bulletin icamthaeinl and ‘ Architecture 
jeuse.” 

onaisbedess and chronology of the styles of eae Gothic 


accepted in this country, are those ay oes the late Mr. 
foams in his ‘Attempt to Discriminate the Styles of. Architecture 
in ’ Taking the Anglo-Saxon and Norman as pre-Gothic divi- 
sions, he reduced the classes of Gothic proper to three; Early ish, 
which prevailed from the end of the reign of H IL. to the end of 
that of Edward L, or from 1189 to 1807; Decorated English, from the 
ing of the reign of Richard I. to the end of that of Edward IIL, 
or from 1307 to 1377: and Perpendicular English, from the beginni 
of the reign of Richard II. to the end of that of Henry VIIL, or from 
1377 to 1546. His arrangement was doubtless an improvement, be- 
cause a simplification of those which preceded it; but though seem- 
ingly ific it is really deficient both in precision and accuracy. The 
terms ly English, Decorated; and Perpendicular, are formed on no 
common principle. If Early ish were a good title, some other 
terms referring to time should have been combined for the later 
periods. Decorated is in itself apt enough for the second style by way 
of comparison with the style which preceded it, but most unapt as 
compared with its successor. So, again, Perpendicular seems suffi- 
ciently distinctive when the window aes and panelling of the 
style are regarded, but it is characteristic of little beyond those features: 
the extension of the term to the end of the reign of Henry VIIL. is 
generally given up. Later writers (as Mr. 5! 
geometrical arrangement :—Lancet (1190—1245), Geometrical (1245— 
1315), Curvilinear (1315—1360), Rectilinear (1360—1550); or (as 
Messrs. Garbett and F m) a chronological one :—Plantagenet, 
Edwardian, Tudor; which have at least the merit of defining by 
sharply marked outlines. Another classification has however been 
proposed, which has the opposite merit of being less rigid in its 
boundaries, while it is not i explicit in expression. It is that of 
First Pointed, Second (or Middle) Pointed, and Third Pointed ; corre- 
sponding generally to the Early English, Decorated, and Perpendicular 
of Rickman. This, some of the more systematic of its partisans have 
again subdivided and formularised ; but if it be taken as a mere con- 
venient form of expression, it will, we believe, be found superior for 
all practical purposes to any other. Continental writers very generally 
speak of the Gothic of the 13th, 14th, or 15th century; and as it 
fortunately happens that the styles prevalent during those centuries 
are well marked varieties, this mode of speech is a very good one. 
But in France at least (and with French Gothic our own is nearly 
cognate as well as Jayne mous) the terms Ogival Primitif, Ogival 
Secondaire, and Ogival Tertiaire, are recognised definitions ; and with 
them our own First, Second, and Third Pointed Gothic would exactly 
correspond, if we understood that those terms were merely convenient 
expressions for the Gothic of the 13th, 14th, and 15th centuries re- 
spectively. In fact, whatever classification be adopted, there seems a 
geoel inclination to make these centuries its chronological _ basis. 
ithout therefore venturing to discard Rickman’s terminology, we 
may now say that Early English, or First Pointed, may be pa to 
stand for the architecture of the 13th century; Decorated, or Second 
Pointed, for that of the 14th; and Perpendicular, or Third Pointed, 
for that of the 15th: it being clearly understood that neither style 
was really circumscribed within strict dates, 

The Early English, or First Pointed style, had arrived at its full 
development in the early oe of the 18th century. Characteristic 
contemporaneous examples in England and France are the cathedrals 
of Sali and Amiens, commenced ively about the year 1219, 
In both of these the round arch and massive columns of the preceding 
style have quite disappeared. The buildings are lighter, loftier, more 
graceful in their proportions, more beautiful as a whole, more finished 
in the details, distinguished by vertical rather than horizontal lines, 
and exhibiting a great advance in constructive power. In them, as 
Mr. Fergusson points out, are shown what continued to be character- 
istic points of difference between English and French cathedrals ; the 
English showing greater length in proportion to width, less altitude, 
square instead of apsidal terminations, and more restraint in the orna- 
mental details, Turning to the broad distinctive forms and details of 
the style as shown in English buildings, we observe that at first the 
arch was exceedingly acute, and employed chiefly where small span 
was required, as in windows, which at first consisted of a single aper- 
ture, then of two, either distinct, with a narrow or pier between 
them, or combined together by means of a central pillar, This led to 
similar grouping of three apertures, the centre one of which rose higher 
than the , and also to the practice of enclosing them within a 


harpe) have proposed a |: 


ee pracy 225 between which and the lesser ones was filled up 


sinking instead of rising in the centre, and it looking 
my like two arches belonging to an extensive range. These grada- 
tions in the compositions will be clearly understood from the subjoined 


York, 


figures, the first and third of which are specimens from York Cathedral, 
the second from Winchester, and the fourth from Westminster Abbey : 
the mode shown in the last evidently led the way to that of decorating 
the window-head, by dividing it into smaller pete ¢ more varied compart-. 
ments of ornamental panelling, which, whether perforated or not, is 
known by the general term of 
embellishment predominating in all 
and likewise in all the different national schools of it. 

In the first class of our own First Pointed, or Early English, the 
openings of the windows are lancet-headed, and not only narrow but 
tall; that is, the part below the spring of the arch is very long in 
proportion to its width, a circumstance totally independent of the 
form of the arch itself, and therefore affording the greater scope for 
variety. In fact, we behold a striking difference in respect to propor- 
tions exemplified in the doorways of the same period ; for alt 
similar as to general character, and frequently, like the later dou! 
window above represented, consisting of two arches divided by a central 
pillar, either single or clustered, with a circular compartment above 
them in the larger arch-head, the 
n ing of the arch is sometimes even much less than the width of 

e whol 
arches. The receding sides, or splays, of such doorways were as deep 
as those in the Norman style, and enriched with columns; and the 
dripstone, or hood moulding (for it is vario termed, and is the 
only moulding projecting from the wall, as the others receded 

its surface), not unfrequently rested upon carved heads. Instead 

of being placed upon pillars or cylindric piers, as in the Norman style, 
the pier-arches (so called in order to distinguish them from es 
introduced in walls), which are mostly lancet ones, are placed upon 
iers with shafts attached to them, so as to give the whole a clustering 
‘orm; but there is so much variety, both as to plan and the enrich- 
gg of capitals _ other details, as to raaree 
nto particulars without numerous explanatory drawings from different 
examples, The buttresses have projection than the parts which 
appear to answer to them in Norman architecture. They are also 
narrower, and some of them are divided into two or more stages by 
set-offs, or horizontal splays, reducing the projection from the wall at 
every stage. Flying buttresses were now first introduced [Burrress].. 


| Gargoyles also first appeared at this period both in France and Eng- 


a circular arch, the whole uired not ‘only = 
, but that distinctness Pe leteness of form 
in wi the earlier kind of double-window was on account 
of its outline si 


and constitutes a ies of 
; varieties of Pointed Gothic, 


height from the ground to the 


impossible to enter - 


le design, and not much more than double that of the smaller — iz 


a 
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land [GareorLk], and were a part of the system now fully recognised 


of making even the inferior accessory features ornamental. The 
columns ly consisted of a thick central pier surrounded by 
slender shafts; but clustered columns introduced during the 


transition period became general. Capitals were generally bell-shaped ; 
with a round or octagonal abacus. The foliage on capitals and else- 
where was frequently a close imitation of local plants and flowers; and 
floral ornamentation became much more general. The mouldings are 
in the earlier examples often Norman or transitional in character, in 
the later Decorated ; but those distinctive of the style are round or 
pointed, with very deep hollows and variously filleted. (See examples 
in Paley’s ‘ Gothic Mouldings.’)  String-courses and labels were much 
more extensive and continuous than in the previous style. The mode 
of wall ornament called diapering was now first employed. The 
statuary and carving generally became much more artistic during the 
continuance of this style; and indeed nothing can in its way well 
exceed the richness and beauty of that of the east front of Ely, and 
the west front of Wells, cathedrals. 

The use of groined vaults, pointed arched windows, and flying 
buttresses permitted the construction of walls of a less massive 
character than those of Norman date, and the carrying them up to a 


greater height. Spires were likewise built of a much greater altitude, 
and many of them are of an exceedingly elegant outline. Roofs were 
generally acute in pitch; and of open wood-work as well as stone 
vaulted. Parapets were generally plain. The characteristics of the 
painted glass of the windows of this and the two succeeding styles 
[Grass Parntine.] 


e indicated elsewhere. 


Choir, Salisbury Cathedral, 


The most perfect English example of the First Pointed style is 
Salisbury Cathedral, which was begun by Bishop Poore about 1219, and 
finished about 1260—being therefore what is so rarely seen, a cathedral 
completed wholly in one style, and uniform in character throughout. 
Lincoln Cathedral, though not throughout First Pointed, is a noble 
example of the style. The nave and transept of Westminster Abbey 
afford another important example, the more noteworthy because 
possessing even more of the French than the English {First Pointed 
character, Ely, Peterborough, Wells and Worcester, the east end of 
Winchester, the lady chapel Hereford, and York Minster, especially the 
unrivalled five-sister lancet windows. Ripon and Beverley minster, and 
the Temple church may be cited as among the important examples of 
the style; but the list might be greatly extended, especially by the 
addition of numerous parish churches. 

In France, characteristic examples are the cathedrals of Sens, 
Amiens, Reims, Notre Dame de Paris, St. Dénis, Bayeux, Chartres 


(thg nave); the abbey of Fontenay; the Ste. Chapelle at Paris; the | 


churches of Pontigny, Trévitre, Calvados, St. Germer, &c. Germany | 
a very interesting and beautiful specimen of the same style | 


possesses 

and period in the church of St. Elizabeth at Marburg, which is nearly 
contemporary with the cathedrals of Salisbury and Amiens, having 
been constructed between the years 1235 1283. It is fully des- 
eribed by Moller in his work on German-Gothic architecture, where 


it is illustrated by eighteen plates; and an elevation of its west front | 


forms the 


iece to the translation of Moller’s text by Mr. W. H, 
Leeds, 


shows more decidedly the influence of the French taste, an influence 
which strongly affected the course of German-Gothic. The choir of 
Cologne Cathedral (about 1270-1322) belongs to this style. Freyburg 
(1283-1330) is an example of the tendency of German-Gothic towards 
extravagance of ornamentation, with, in the open-work spire, &c., 
excessive lightness. The nave of Strasburg cathedral, Altenburg, and 
many other German churches, are of this period. 

The transition from the First Pointed, or Early English, to the 
Second Pointed, or Decorated style, was made by almost imperceptible 
steps. The dividing line is variously drawn between 1270 and 1307: 
as for its termination, some one or other year somewhat anterior to 
1379 is usually assigned : but as we have said, it is safer, and suffi- 
ciently precise, to regard the Second Pointed as the style of the 
14th century, remembering that towards the close of that century 
some important buildings of unquestionably Third Pointed character 
were erected. 

As compared with those of the First Pointed, the churches of this 
period are distinguished by much greater richness of ornamentation, 
but in its development English architects seem to have been restrained 
by marked sobriety of taste as compared with those of France and 
Germany. In England Gothic architecture must be regarded as having 
reached its most perfect form during this period: the succeeding 
period was one of decline. In France and Germany there was already 
some loss of purity, though the full flow of extravagance and debase- 
ment did not occur till the next century. As in the previous style, the 
windows and yaulting are the distinguishing features. There was little 
difference in the arrangements of the buildings, except perhaps that 
symbolism was more regarded. The vaulting is more subdivided into 
cells than that of the previous period, by the addition of intermediate 
ribs intersecting each other so as to produce a kind of tracery con- 
sisting of stars and other figures whereby much variety and richness 
are obtained. Richly carved bosses occur also at the intersections of 
the ribs. Some of these groined roofs are very beautiful; those of 
choirs are generally more elaborate than those of naves. Of the open 
wooden roofs of this period, not many examples remain. 

Of windows a no less instructive than beautiful transition illustration 
is afforded by those of York Chapter-house, where we distinctly behold 
the progress to more complex geometrical tracery. The arch of the 
window is still of the lancet form, and highly pointed, being extra- 
centred about two-thirds of its span; and the increased degree of 
enrichment is produced, not by the introduction of new elements, but 
by repeating and combining those previously in use. Thus the foliated 
or cusped circle continued to be the chief member decorating the head 
of the window, being merely tripled in number, an arrangement which 


iy 


From York Chapter-house. 


accords beautifully with the triangular outling of the space so occupied ; 
at the same time that these circular divisions contrast agreeably with 
the acute form of the arch, and soften its asperity. In like manner the 
multiplied divisions in the lower part of the window are produced by 
merely putting together two arched compartments with circles in their 
heads, similar to the example already given from Westminster, with a 
narrower one between them ; thus forming the whole lower space into 
five narrow compartments, each of which has its own arch. In these 
lesser arches, which are simply cusped, and so far differ from those in 
the first example, we see the commencement of trefoil and cinquefoil 
ones; while in their shafts we Lge recognise mullions, which were 
afterwards of general application, either of uniform dimensions, or, in 
lai windows, consisting of principal and secondary ones. When the 
arch became equilateral, or nearly so, the tracery also assumed a 
different character, becoming of that kind which is called geometrical, 
and consisting of more varied forms and patterns, produced by circles, 
portions of circles, and other curves, enriched with cusps, dividing the 
spaces into foils. Of such windows we give examples from one at 
Exeter, and another at Kirton Church, Lincolnshire. This distinction 
between tracery by geometrical figures (circles, triangles, &c.) as shown 
in the first of these examples, and that formed by flowing curves as in 
the second, is observed throughout the window tracery of the earlier 
and later parts of the Second Pointed style : hence it has been proposed 


The cathedral of Magdeburg, another very fine example, ! to subdivide it into the Geometrical and Curvilinear, or Geometrical and 
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Complete Middle Pointed; the dividing line being variously fixed 
about 1315 and 1330, 


Exeter, 


In the first of the examples given above, the pattern is-formed 
chiefly by a si large circle subdivided into three spherical triangles 
sixfoiled, and lesser ones trefoiled; to which minutim we call 
attention in order that the reader may be led to examine the figure 
attentively, and thereby learn, without further explanation, what is 
meant by those terms, and by foils and cusps yen He will here 
further observe that small shafts and capitals have given way to 
mullions as dividing the lights, although retained at the sides of the 
window. The other example differs from the one just en of, not 
only in its tracery, which is more playful and flowing, but in having 
two orders*of mullions, that in the centre, or the principal mullion, 
being thicker, and composed of more mouldings than the secondary 
ones. It deserves also to be remarked, that here the number of the 
open spaces, or lights, as they are termed, is even, and that of the 
mullions uneven; whereas in the other and the preceding figure the 
lights are uneven, and the mullions even in number; a circumstance 
quite independent of style, since either mode is followed according 
as it best suits the design for, and principal divisions of, the window- 
head. Of what is called geometrical numerous imens 
occur in the rich west front of York Cathedral, finished about 1330. 

As mullions began to be substituted for pillars or shafts in windows, 
so too, both in the splays of doorways and in arch piers, columns 
began to be incorporated with the main pier, or splay itself; and in 
smaller doorways the arch mouldings are frequently continued down 
vertieally, without any indication of capital, or impost to the arches, 
and die away, as it is termed, into a sloping surface, at a short distance 
from the ground. The external projecting mouldings of the arch, 
called by some hood-mouldings, by pha weather-mouldings, or drip- 
stone, as serving to throw off the droppings of rain, usually rest on 
corbels cut into the forms of heads, fe many instances these hood- 
mouldings, both of doors and windows, are surmounted by other 
mouldings, forming a kind of gable, distinguished by the name of 
Some These canopies are generally enriched with crockets, small 
leaf-like ornaments, placed at inte on the outer edge, which were 
first introduced, but used much more sparingly during the First Pointed 
period. The pediment heads to the different of buttresses are 
often similarly decorated. In conformity with the rest, greater 


ornament was likewise bestowed upon pinnacles, as will be seen 
on comparing a specimen of First Pointed character, from Wells 


frequent, and of excellent outline and 
pierced or panelled, and sometimes 
plainer churches cylindrical or octagonal ; but in those of 
y consist of clustered half or betes gem 


etimes set lozenge-wise on the 

—, sere ery! aS oat ee ae 
‘ormed by a series of mouldings. e capitals usually, va- 
riably, vd with the form of the shafts, and have fillet 

mouldings. In capitals are 
, sharply and often admirably carved, and som: 
from nature. The abacus is less prominent than 
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] Howden, Yorkshire 


sobriety of taste, 
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in order to exhibit the progress from this to the Third Pointed style, 
we give two transition specimens of windows 
first decidedly of a transition character. 
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by, Se aon as indicating that the upper divisions of the 
windows have mullions rising from the arches of the lower ones. 

These two examples will further be useful, the first as supplying an 
example of crockets on the outer arch-moulding, and of a jiniad on its 

ex; the other as an instance in point; as respects what we have said 
of very acute arches being included in the to windows whose 
arches are equilateral, or even much lower; for those which form the 
heads of the two compartments, each comprising two lights on either 
side of the centre one, are highly pointed, being extra-centred, and 

_their height equal to 13 their span. 

Of the Third Pointed, or Perpendicular, style, which may for con- 
venience’ sake be dated from 1400, and considered that of the 15th 
century, we must repeat that although the name Perpendicular, first 
bestowed on it by Rickman, and since very commonly adopted, appears 
to be tolerably correct in some respects, it is objectionable, and indeed 
misleading, in others ; because, if “ the mullions of windows and the 
ornamental panellings run in perpendicular lines,” it is no less obvious 
that the numerous transoms, square-headed labels to doorways, and 
ornamental string-courses and cornices, produce as many horizontal 
ones; consequently Horizontal would be an equally appropriate term ; 

even the more appropriate of the two, since the mullions thus 

crossed by transoms do not exhibit that prevalence of perpendicular 
lines which mullions alone, or slender columns do. The same may be 
said in regard to labelled doorways, &., where the pointed character 
juced by the arch in a great measure loses itself, and is exchanged 
that marked by squareness of outline. Nay, in the later examples, 
the very form of the arch itself shows a tendency to horizontality, by 
becoming so flattened that the height is sometimes less than one-fourth 
of the span (whereas in the equilateral arch it exceeds that measure). 

Windows of this period are of two classes, two or four-centred: the 
former to the earlier, the others to the later half of the con- 
tinuance of the style. What at once ishes Third Pointed 
windows from those of the earlier styles, is the vertical bearing of the 
moullions. In First and Second Pointed examples the mullions diverge 
in the head of the windows into curves or flowing lines: in the Third 
Pointed they are carried straight up till they cut the enclosing arch, 
while smaller divergent and upright mullions and transoms divide the 
head into smaller arched and panel-like compartments. In some of 
the richer examples the transoms are embattled, or indented by being 
cut into small battlements. As to the variety displayed in the tracery 
of the windows, it is quite impossible to describe it, since almost every 
specimen exhibits a different pattern; its general character may how- 
ever be understood from the second of the examples above given from 
York Cathedral, The depressed or four-centred arch is so character- 

istic of the latter portion of this period, that a few words may be well 
devoted to 4 more particular notice of it. By the annexed diagram it 
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will be seen that the superior centres, ¢¢, for the shorter radii de- 
scribing the two quadrants at the spring of the arch, are upon the 
span-line itself; and the two inferior centres, ¢ 0, whose radii are in 
continuation of the others, describe the remaining curves meeting at 
the vertex of the arch. This compound form admits of great diversity, 
_ aecording to the proportion the shorter and longer radii bear to each 
other, or in other words, according as the centres are fixed. In order 
to exhibit at the same time a com: of this kind of arch, both 
with the semicircular and the vari of the two-centred one, we have 
enclosed it within dotted lines, representing the others in succession 


_ above it, by which it will be apparent that if th hi 
the extr oF laneet arch will be the highest, Rext to thet ce 
bther two-centred arches, then the semicircular one, and lastly the 
pound or four-centred arch. But if, on the , they were all 


of the latter part of the 15th century, but so rarely that it may be 
ed as almost peculiar to England. From its frequent occurrence 
in the buildings of the close of the 15th and first half of the 16th cen- 
tury, it is commonly known as the Tudor arch. 
Ot Doorways the outline became square, owing to the arch being 
inclosed within mouldings forming what is called a label, which gene- 
rally terminated at the spring of the arch, where it either rested upon 
corbels in the form of shields or heads, or was else bent and returned 
horizontally for about double the breadth of the other mouldings. 
The triangular spaces or spandrels thus formed between the curved 
mouldings of the arch and the square ones of the label are mostly 
filled up with quatrefoil circles or other decoration, In the larger 
and richer kind of doorways, as in the porch of King’s College Chapel, 
Cambridge, the spandrels are greatly enlarged by the head of the 
square panel or compartment in which the arch is placed being carried 
up much higher. In this example there is an ogee canopy formed by 
what are called mouldings of contrary flexure ; and this is crocketed 
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Doorway, King’s College Chapel, Cambridge, 


and surmounted by a finial. Although this specimen, which has been 
selectedasa beautiful instance of the Third Pointed style, does not exhibit 
the four-centred, or compound arch, it should be remarked that the 
latter characterises the other parts of the edifice. In the architraves 
or mouldings along the sides of doors and windows there are generally 
= or mete large hollows, which may be taken as one of the marks of 
this style, 

Although they have not labels, both windows and pier arches are 
not unfrequently treated somewhat similarly, being placed within 
square-headed compartments, whose spandrels are filled up with 
tracery resembling that of the window; which practice, no doubt, 
afterwards led to that of square-headed windows, by perforating the 
whole compartment, and making the spandrels part of the window 
itself. Windows placed within compartments, with spandrels of blank 
be 1 may be seen in the clerestory of Henry VII.’s chapel. 

Hitherto we have spoken chiefly of arches and windows, but we 
must now briefly advert to the roof, at least to one species of vaulting 
used for it, peculiar to the richer examples of this style, we mean that 
consisting of fan-tracery, 80 called from the numerous small ribs or 
mouldings spreading out from the spring of the groining as from a 
stem, and radiating so as to describe a semicircle, the fan on one side 
meeting that on the other, in the centre of the vaulting; whereby a 
spandrel with four convex curves for its sides is left between two 
opposite pairs, and this space is either filled with tracery arranged so 
as to form a circle, or else is occupied by what is called a fan-pendent, 
similar to the other fans, except that its base on the ceiling is an entire 
circle instead of a semicircle, Of fan-groining with enriched spandrels 
only, the cloisters of St. Stephen’s chapel, Westminster, offered a 
beautiful example ; and of that with pendents, the chapels of King’s 
College, Cambridge, and |Henry VII, Westminster. The two struc- 
tures just mentioned and St, George’s chapel, Windsor, are in every 

perfect examples of this style, being of uniform design through- 
out, without intermixture of any other. Examples of the plainer 
vaulted roofs occur in the nave of Winchester cathedral, the nave and 
choir of Norwich, the choirs of Gloucester and Oxford, and the 
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Beauchamp chapel, Warwick. The open wooden roofs of this period 
are also characteristic, and sometimes extremely fine: that of 
Westminster Hall is one of the most striking. Brandon’s ‘ Open 
Timber Roofs of the Middle Ages,’ 4to, 1849, supplies ample par- 
ticulars and illustrations of them. Usually the roofs of this period are 
of much lower pitch than those of the preceding styles. The external 
roofs of Henry the VII's and King’s College chapels, for example, 
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Henry VII.’s Chapel, Westminster. 


are so low in pitch as not to be visible from the ground, being con- 
cealed by the elaborate pierced parapets which crown the walls. 
These pierced parapets form a noticeable feature of the buildings of 
this period, and often afford very graceful terminations to the struc- 
ture ; but embattled parapets are also common. 

A characteristic feature of this style is the panelling, or panel-work 
tracery, formed like that} of the windows by mullions and transoms, 
with which both the internal and external walls are sometimes almost 
entirely covered. Henry VIL’s chapel, Westminster, affords a good 
example of perpendicular panelling. Stone porches are now nume- 
rous; they are often of large size, much enriched with panelling, and 
canopied niches for statuary, and have handsome groined roofs; the 
south-west| porch of Canterbury cathedral. The south porches of 
Gloucester cathedralf; St..Nicholas chapel, Lynn ; Northleach church, 
Gloucestershire; Addlethorpe church, Lincolnshire ; Burford ehurch, 
Oxfordshire ; and Oundle, Northamptonshire, are rich and elegant 


examples. The church towers during this period are important and 
characteristic. They are frequently very lofty and much enriched with 
panelling. Perhaps the finest is that of Gloucester cathedral, erected 


about 1445 ; it rises toa height of upwards of 200 feet in two stories, 
has its surface covered with panelling, and is crowned with four 
pinnacles at the angles, of extremely light and elegant design, Two 
celebrated towers of this date were those of Doncaster church, now 
replaced by a recently erected one of a different character, and of St. 
Mary’s, Taunton, now in course of restoration. Several other west 
country towers, as St. Stephen’s, Bristol ; Cirencester, Glastonbury, &c. 
are fine examples of the style. One of the best towers of late date is that 
of Magdalen College, Oxford. The towers are not usually surmounted 
with spires, but there are many spires of this date, and some are of a 
very elaborate and ornamental character; that of St. Nicholas, New- 
castle, is a well-known instance. The buttresses, both of the ordinary 
kind and flying buttresses, are often of remarkable projection and 
highly enriched ; some illustrations of them'are given under Burrress, 

In the later examples of the Third Pointed, there is a great excess 
of ornament, and a constantly increasing deterioration of taste. But 
so long as the Gothic spirit was retained, in fact till that debased style 
commonly known as the Tudor was thoroughly established, the 
English Third Pointed buildings were vastly superior to the con- 
temporaneous Gothic edifices of the continent, As Mr. Willis observes 
in his admirable ‘Remarks on the Architecture of the Middle Ages,’ 
“The Perpendicular is our own, and heartily may we congratulate 
ourselves upon it, when we compare it with its sister styles of France 
and Germany.” 

During its later stages the Third Pointed architecture was greatly 
more extended, both in its uses and modifications, than the two 
previous styles, haying been applied to domestic as well as ecclesi 


astical architecture; whereas we are acquainted with the ——a 
styles only as it was employed in religious buildings; for 

ones of the same periods have so little in common with the former, and 
so very few features wherein the general style at all exhibits itself, that 
they must be considered as forming a distinct class by themselves. In 
the ornamented domestic architecture of the 15th and early part of the 
16th centuries, we plainly perceive the same style as that of ecclesi- 
astical buildings applied to another class, where, although the parts are 
on a smaller scale and somewhat differently composed, the style of 
detail and ornament is essentially the same. While some features, 
such as doors and porches, are very little altered from those of churches, 
others unknown to the latter class of buildings, such as bay-windows 
and oriels, chimneys, &c., become highly. characteristic and decorative 
in this. But this domestic architecture only became fully devel 

as the ecclesiastical was decaying, and hence it is generally spoken of as 
Yudor Architecture. In the reign of Henry VIII. a classic bias 

to gain ground in England, as it had some time before spread throu 
the continent; and before it the Gothic spirit paled, and event 
disappeared. At first a few, then gradually more and more, of imitative 
classic details were mingled with the native forms, until at last resulted 
that style which in its essence corresponded to what on the continent 
was known as the Renatssance. Some few and feeble attempts were 
made to build in the Pointed style as late as the 17th century, but they 
only served to show how entirely the feeling for what was characteristic 
of it had departed, 

Besides the buildings already referred to, the following may be 
named as illustrative of the art of this period :—Winchester cathedral, 
and New College, Oxford, the work of William of Wykeham ; the nave 
of Ripon cathedral; Chester cathedral, and parts of Canterbury, Bristol, 
Worcester, Wells, and Oxford cathedrals; the Divinity Schools, and 
several of the colleges, of Oxford and Cambridge ; St. George’s cha) 
Windsor ; Eton College chapel; and Redcliffe (Bristol), Bev < 
Rotherham, Taunton, Cirencester, Stratford-upon-Avon, and a vast 
number of other parish churches, 

The style Ogival Tertiaire of France is characterised even more than 
the English Third Pointed by excess of florid ornamentation, which 
went on increasing till the abandonment of the style for the Renaissance, 
in the 16th century. It differs in not being characterised by the same 
tendency to rectilineal lines; though towards the close of the 15th 
century, panelling, similar in character to the English, was often, 
though less profusely, employed. The characteristic window tracery 
is of the lambent flame-like kind from which the style has received its 
popular title—the Flamboyant. The roof vaulting is ramified ; in later 
examples the depressed arch is frequent in doorways. Towers with 
open spires, often of a degree of lightness quite astonishing in stone- 
work, are seen in churches of a superior class, as at Amiens. The 
outline and surface are cut up by a crowd of carved foliage, and all 
kinds of petty ornamentation ; but the carving, looked at alone, is often 
admirably executed. Altogether the buildings show a marked loss of 
grandeur and purity; but many of them are triumphs of constructive 
ingenuity. Their builders sought to excite the astonishment of the 
spectators, and they succeeded. Very fine examples of this style are 
the churches of St Nisier at Lyon, Pont l’Evéque, Caudebec, Louvois, 
the cathedral of St. Brieux, &e. 

The German architects of the 15th century ran’ into still greater 
extravagances than the French; but for notices of the later develop- 
ments of German Gothic, as well as for that of the Netherlands 
and Italy (a subject that has lately excited a good deal of attention), 
we must refer to the works cited below. Here we shall merely add, by 
way of conclusion, a brief summary of a few of the more prominent 
distinctions between Grecian and Gothic architecture, as regards the 
application of their respective elements. Grecian: Columns and their 
entablature are the chief sources of decoration, and limit the height of 
the building, as a second order cannot with propriety be placed above 
another. Gothic; Columns subordinate members; never used —_ 
to support arches, and in the latter styles are mere ornamental 
attached to piers. Grecian ; Colonnades seldom employed except exter- 
nally. Gothic: Ranges of open arches applied only internally; there 
being nothing analogous to a Grecian portico, since porches have merely 
an open arch in front, and when projecting from the building are closed 
at the sides. Externally, open arcades are introduced only as upper 
galleries, and those are of very rare occurrence ; or, as a cloister, not 
projecting from but within the lower part of the building. Grecian: 
Lofty proportions unattainable even in the largest edifices, because the 
greater the number of columns the lower will the building appear in 
comparison with its length or breadth. (Gothic; No restraint as to 
loftiness, that not being regulated by width even of the whole front or 
any of its parts, Grecian: The pitch of a pedimeut must be goyerned 
by its span, since its height must in no case greatly exceed the depth 
of the entablature ; consequently, the greater the number of columns 
placed beneath it, the lower it must be, and the lower the proportions 
of the whole front. Gothic; Gables may be of any pitch, just as best 
accords ,with construction or the composition of the design. Grecian : 
Little variety of form and proportions in doors or windows, or in 
regard to their external mouldings; the window itself a mere aperture, 
without any architectural filling up. Gothic : Both doorways and win- 
dows very conspicuous features, admitting the utmost diversity, as well 
in their forms and proportions as in the modes of decorating them, 
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admit of innumerable combinations in regard to 
their divisions and the ornamental within their arched heads, 
The same remark applies to the panelling of doors. Grecian: All 
ings and other ive members project from the face of the 

ic: All but what are termed weather-mouldings retire 
C face of the wall. Grecian: No splayed surfaces. Gothic: 
surfaces, both horizontal and vertical, very preva- 
ct, windows and doors are universally placed within splays, 
or less deep, and enriched with various mouldings. Grecian : 
ive mouldings or deep hollows. Gothic: Deep hollows of this 
into almost every combination of mouldings, whether 
eful general view of English Gothic for the ordinary 
is Mr. Bloxam’s excellent little volume, ‘The Principles of 
Gothic Ecclesiastical Architecture, 10th ed., 1859, For French and 
German Gothic, a similar survey will be afforded by De Caumont’s 
* Architecture Réligieuse,’ 3rd wd 1854; and H. Otto’s ‘ Handbuch der 
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lee sumaey and hee as i an Ve ae: Siécle,’ 4to, 1851; 
apuy, ‘ en onum) 3 ap i au 
Moyen Age ; Violet le Duc, ‘ Dictionnaire arta de l' Architecture 

du XI* au XVI¢ Siécle;’ Bourassé, ‘Les Cathedrals de 
France ;’ A. Lenoir, ‘ Architecture Monastique ;’ F. Stroobant, ‘ Monu- 
ments d’ Architecture, &c., en ue,’ 4to, 1852 ; J. L. Petit, ‘ Archi- 
tectural Studies in France, 1854 ; ell, ‘ Architectural Notes on 
German Churches, 3rd ed.; G. Moller, ‘Denkmiiler der Deutschen 
under the title of 


7ten bis zum 13ten Jahrhundert am Nieder Rhin,’ fol., 1833 ; Springer, 
* Die Baukunst des Christlichen Mittelalters,’ 8vo, 1854; Gally Knight, 
‘The Ecclesiastical Architecture of Italy ;’ Cresy and Taylor, ‘ Archi- 
tecture of the Middle Ages in Italy;’ Street, ‘ Brick and ‘ble Archi- 
tecture of Italy in the Middle Ages;’ Ruskin, ‘Seven Lamps of 

"and ‘Stones of Venice;’ Willis, ‘Remarks on the 
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in library of Up Ancentevs Copex.] Ulfilas was bishop 


ve invented the characters employed in the version, and 
which are formed, with slight variations, from the Greek and Latin 
capitals. sepmaser | This and a few other fragmen 

ut the same 


. in Literas Gothicas,’ with 
sang of the Meso-Gothie, old , Anglo-Saxon, and other 
Teutonic dialects, followed by four different Scandinavian Gothic 
alphabets collected from various inseript and one of which is 
similar to the one given by Magnus in his‘ Historia Gothorum Sueo- 
numque,’ b, i. ch. 7, The old Scandinavian, or Norse, or Suio-Gothic, 
ce being 2 me of Gothic with the 
language of the Sveones, the original inhabitants of the Scandinavian 
to the Gothic immigration, and the modern 


| Bwecish, which ts derived from the old Scandinavian, appears to have 
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elements in it foreign to the Teutonic, though the Teutonic, or Gothic, 
greatly prevails in both, _ 

(Petersen, Det Danske, Norske, og Svenske Sprogs Historie, Copenha- 
gen, 2 vols. 8vo., 1830.) 

GOTHS, GOTHI, GOTHONES, a powerful northern nation who 
acted an important part in the overthrow of the Roman empire. 
Tacitus (‘ German.’) mentions the Gothones asa German tribe, dwelling 
between the Lygians and the Rugians and Lemovians, the last two 
possessing the shores of the Baltic, while he considers the Gothini, who 
lived in Southern Germany, as a tribe of Celts, or Gauls. Ptolemy 
calls them Gothunes, considers them to be a Sarmatian tribe, and 
places them south of the Wends, and eastward of the Vistula. 

About the middle of the 3rd century the Goths are recorded to 
have crossed the Dniester and to have devastated Dacia and Thrace. 
The emperor Decius lost his life in opposing them in Mosia, a.p. 251, 
after which his successor, Gallus, induced them by money to withdraw 
again to their old dwellings on the Dniester. They then seem to have 
spread eastwards, and to have occupied the country about the Cim- 
merian Bosphorus, from whence they sailed across the Euxine, occu- 

ied Trebisond, and ravaged Bithynia. In the year 269 they landed in’ 
onia, but were defeated by the emperor Claudius II. Three 
ears after, Aurelian gave up Dacia to a tribe of Goths, who are 
lieved to be the Visigoths, or Western Goths, while those who 
ravaged Asia Minor were the Eastern Goths, or Ostrogoths. This dis- 
tinction of the race into two grand divisions appears about this time. 
Under Constantine I. the Goths from Dacia invaded Illyricum, but 
were repelled ; afterwards Constantine II. allowed a part of them to 
settle in Moesia, who seem to have soon after embraced Christianity, as 
it was for them that Ulfilas translated the Scriptures, about the middle 
of the 4th century, into the dialect called Moso-Gothic. [Gornic 
Lanoeuace.] About the year 375, the Huns, coming from the east, 
fell upon the Ostrogoths, and drove them upon the Visigoths, who 
were living north of the Danube. The latter, being hard a 
implored permission of the Roman commander to be allowed to cross 
that river, and take shelter on the territory of the empire. The Em- 
peror Valens consented, and a vast multitude of them were allowed to 
settle in Moesia; but soon afterwards they quarrelled with the Roman 
authorities, invaded Thrace, and defeated : and killed Valens, who came 
to them. From that time they exercised great influence over 
the Byzantine court, either as allies and mercenaries, or as formidable 
enemies. Towards the end of the 4th century, Alaric, being chosen 
king of the Visigoths, invaded North Italy, but was defeated by Sti- 
licho near Verona. He came again, however, a few years after, and took 
and plundered Rome. His successor, Ataulphus, made peace with the 
Empire, and repaired to the south of Gaul, where the Visigoths founded 
a kingdom, from which they afterwards passed into Spain, where a 
Visigothic dynasty reigned for more than two centuries, till it was 
conquered by the toon. Meantime the Ostrogoths, or Eastern Goths, 
who had settled in Pannonia after the destruction of the kingdom of 
the Huns, extended their dominion over Noricum, Rhetia, and the 
Illyricum; about the year 489, they invaded Italy under their king 
Theodoric, and defeated Odoacer, chief of the Heruli, who had assum: 
the title of king of Italy, a title which Theodorie then took for him- 
self with the consent of the Eastern emperor. Theodoric was a great 
prince : his reign was a period of rest for Italy, and his wise ini 
tration did much towards healing the wounds of that country. But 
his successors degenerated, and the Gothic dominion over Italy lasted 
only till 554, when it was overthrown by Narses, the general of Justinian. 
From that time the Goths figure no longer as a power in the history of 
Western Europe, except in Spain, We find however their name per- 
petuated long after in Scandinavia, where they probably arrived from 
some country east of the Vistula, or even as the Icelandic traditions 
assert, from the neighbourhood of the Caspian sea, at some time 
preceding that of their moving southward. A kingdom of Gothia 
existed till the 12th century distinct from Sweden Proper, until both . 
crowns were united on the head of Charles Swerkerson, in the year 
1161, who assumed the title of king of the Swedes and the Goths, 
which his successors bear to this day. ; 

GOUT (gutta,a drop). This name was given to the disease which 
we are about to describe, from a fanciful notion that it arose from some 
morbid matter, deposited by drops in the joints. In technical language 
gout is called Arthritis or Podagra. It may be defined to be an inflam- 
matory affection of the joints, arising from a morbid action in the 
system. It is mostly an hereditary disease, coming on without any 
evident external cause, generally preceded by disorder of the digestive 

, and accompanied by a plethoric state of the system. The 
i mation attacks the wciiallag joints, particularly the first joint of the 
great toe, and returns at intervals, various joints or parts becoming 
affected after repeated attacks. 

A paroxysm of gout is generally preceded by some constitutional 
disturbance, though it may attack a person suddenly who is apparently 
in good health. It is commonly ushered in by a disordered state of 
the whole system; both the circulating, nervous, digestive, and 
secreting organs are out of order. The pulse is frequent and full; 
there is a feeling of repletion and oppression; drowsiness or restless- 
ness; general lassitude and depression of spirits ; flatulence ; irregular 
st bal costiveness ; and high coloured urine, which deposits a ae 

iment on cooling. The local affection generally commences suddenly 
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in the middle of the night. The patient is awakened at two or three 
o'clock in the morning with acute pain in the ball of the great toe, 
accompanied with a feeling of heat and stiffness of the part ; chilliness 
and fever come on, which gradually abate as the increases, which 
becomes more violent every hour, having a burning or gnawing cha- 
racter. This generally continues till the middle of the following night, 
though in slight cases it may remit after a few hours’ duration. A 
gentle p iration then breaks out, and the patient falls asleep. The 
next m the toe is shining, red, and swelled; the veins of the 
foot are very much distended, and the joint is excessively tender. 
Exacerbations, becoming less violent each time, recur for several 
nights, and then the attack declines, The joint remains swelled 
and weak for some days, and there is Attar: itching, followed 
by desquamation of the cuticle; after which all disease 
and the patient feels better, both in body and mind, than before 
the attack. 


Such are the history and course of a simple fit of gout, as _— 
rally occurs on its first attack. In subsequent seizures, the i 

mation, on subsiding in one joint, frequently attacks another, and 
eventually several joints may be attacked in succession, or two or more 
at the same time, as the fingers, wrists, and knees, Generally the 
intervals between the attacks grow shorter, the patient has more and 
more frequent fits, and hey hast longer; but this will depend in a 
great measure on the treatment pursued, and the mode of life of the 
patient. The fits are more liable to occur in the spring and autumn 
than at other seasons, fet Rat to the greater variableness of the 
weather at those times of the year. After repeated attacks the joints 
may become stiff and rigid: deposits of whitish matter, called chalk- 
stones [Catcuxt] (which principally consist of urate of soda), will take 
place beneath the skin, so that the joints of the fingers and toes become 

and swollen. 

It is very common, when persons have had gout for a length of 
time, for various internal organs to become diseased, The inflamma- 
tion may suddenly disappear from a joint, and some serious internal 
affection, as apoplexy or gastritis, unexpectedly make its appearance. 
This is called retrocedent or displaced gout. Phe internal affections 
which thus arise are often caused by the patient’s imprudence, and 
sometimes by injudicious treatment, as the application of cold to the 
Trckans as ed th f 

e have mentioned among the precursory symptoms of an attack o: 
gout, that the urine is frequently turbid, and deposits a lateritious 
sediment. There seems to be a tendency to throw off morbid matter 
from the overloaded system by this outlet, It has been said that gout 
favours the formation of uri calculi, and numerous cases are 
related where stone in the b r, or gravel, has oceurred in con- 
nection with this disease. Irritation of the urinary organs is certainly 
very common in gouty persons. 

out is more frequently met with in persons of vigorous and robust 
constitutions, than in those of spare habit; and is more common in 
men than in women: this comparative immunity of the female sex 
seems to be owing in a great measure to their more temperate habits of 
life. Persons of advanced and middle age are more liable to gout than 
those of early life. It does not commonly appear till after the age of 
thirty-five, though where the predisposition is strong it may occur 
even before guage ‘Hereditary predisposition is doubtless a cause of 
gout, and where this tendency exists the disease may take place under 
circumstances which would not otherwise have power to produce it, 
Hence persons who are conscious of an hereditary taint should guard 
with particular care against the causes which excite gouty action. The 
most active of these is a plethoric or inflammatory state of constitution, 
arising from luxurious living, indolence, and sedentary habits; which 
also give rise to that disordered state of the digestive organs which 
constantly precedes an attack of gout. 

Where the predisposition, both hereditary and acquired, strong] 
exists, a very slight cause may excite the paroxysm. A fit of intem- 
perance, or excessive indulgence in eating, may bring it on. Excite- 
ment of mind from anxiety or intense study will sometimes cause a fit 
of gout 5 and it has been known to follow violent exercise, aghayessoh 
walking. An accident or injury of a joint, occu 
subject, instead of causing simple inflammation, may give rise to an 
attack of gout. Gout possesses a considerable venmeeb bined in many 
of its characters to rheumatism, and these affections are in some 
instances confounded together. There are even modifications which 
partake so much of the characters of both, that they go by the name 
of rheumatic gout. Gout however may generally be known from 
rheumatism, by its ‘attacking persons later advanced in life and of 
a full habit; by its affecting principally the smaller joints, and bei 
commonly confined to one, at least in its earlier seizures; the attac 
of gout also declines more quickly, is preceded in most cases by 
disorder of the digestive ic oe and is not brought on by any ex- 
ternal exciting cause, as cold and damp, which is mostly the case in 
mnavith regard to th npvions 

ith re; to the cause of t, and the state of the in 
which it comes on, considerable Sight has been thrown upon them by 
the researches of Dr. Garrod. He has shown that the retention of 
uric acid in the blood is the first of a series of which results 
in the deposition of urate of soda in the joints or parts affected 
. With the gouty inflammation, The following are the conclusions at 


: 


ceases, urate of soda in the blood of the part, and in the 


ly | mentioned, we possess a remedy w 


a gouty | p 


which Dr. Garrod has arrived and which he has published in his 
work ‘On the Nature and Treatment of Gout.’ . 


First, In true Epps ewe eeey peench in the blood in Pe 
yn on eee i ~ 2 
Secondly. © gou inflammation accompanied with a a 
lon of uta of ain the nla ig at : “bl 

a e it urate 0 crystalline intersti! i, 

and ane once the cartilages and structures a = 
infiltrated, such deposition remains for a time, perhaps 


during life. 
Fourthly. These deposits are the eause and not the effect of gouty — “ 


i tion. 
Pifthly. The attack of ty inflammation tends to destroy the pe 


Sixthly, The ki are early implicated in gout, and this 
is not only functional, but eventually becomes structural. The urine in 
gout is always altered in composition, ; 

Seventhly. The presence of urate of soda in the need > ae 
Ne plingaothh ped ke aaa fe dx gene Soh attack of the gout, and — 
‘of the anomalous symptoms are known to present themselves in 
gouty subjects. . 

Eighthly. The causes known to to the gouty attack are 
such as produce an increased formation of uric acid in the system,or 
which leads to its retention in the blood, % 


res cases Gates © ie feo ae 
uce the ity of the or augment the ion c 
acid, or temporarily check the power of the kidneys in eliminating this _ 
Dr, Garrod’s has the merit of explain the anoma- 
es reenedin the hry of gout i siivwe eek ts : hee ic > 
of the kidneys to refuse the e! tion of uric acid may be 


ough this is true to® 
certain extent, it is a dangerous doctrine to put in practice. It has — 
often led ted Ri aby nadia Prien gre PE graye Onthe 
contrary, the judicious plan of treatment in 18 
xysm and prevent its recurrence. It 
to enter into any detail of the numerous plans of treatment 


expels the morbid matter from the system. Alth 


and the — 


remedies which haye been id in gout. With regard to the pre- — 
ventive treatment, we need only recommend temperance and exer v 
which will generally succeed in k off a recurrence of the disease, 
and if adopted will be a ent guidance to the gouty patient. 


might cure himself of gout by living on sixpence a day, and working 
for it.” The treatment of the paroxysm is very simple.” The -y - 
mation should be subdued in this case by the same means as would * 
requisite in inflammation from any other cause, If the ine 


patient 

ee and there is active fever, we must bleed, purge, and star 
im. Should there be less constitutional disturbance, we may safely 
leave the fit to run its course; for gouty inflammation has a i 


tendency to subside spontaneously, without in ba id af 
tion, Alkalies and saline medicines which act as diu- 
retics are also to be recommended, Dr, Garrod recommends the 


salts of lithia. 

Topical remedies are of little use in gout, Warm applications do — 
11d pol tisk sold coe Yoogl'2u eotiots Ghee Gy, Waiatly aseekiay Wk Sa 
inflammation, and bringing on dangerous affections of internal 
If ing be applied to the part, a warm evaporating lotion is 


the best th: re 

In addition to the general antiphlogistic treatment which we haye 
certainly is highly valuable in 

gout, namely, colchicum, hi Baaacingoe) few are in a sag 
uantity, generally purges the bowels, and lowers pulse. large 

es of thes d drug, given when the occurrence of a is threat- 

ened, will often avert it altogether, but the prudence of this mode of 


is uestionable; it only suppresses the xysm, 
without Poniving. constitutions]. disatders’ va which the Alama 


oe 
de; Colchicum be given with safety during a fit of 
eet carnaialy eee: he its duration. The clean ff 


acts upon the 
bowels; but in many instances, before this effect is protedy wil 
paroxysm. Colchicum is said to increase the secretion of uric acid by 
the kidneys, but this is denied by Dr. Garrod, who has carefully in- 


vestigated the subject. This is the active ingredient in the 
médicinale and o o cusck cau ein pemoeel ca 
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of the eye (dependent on the state of the constitution), which differ in 
some from inflammation of the same parts arising from other 
causes. external proper tunics, particularly the selerotica, may 
be affected in the gouty ; though in this case the iris generally partici- 
pates in the inflammation. The sclerotica and conjunctiva may how- 
ever be attacked without the iris in gouty persons; this affection is 
then similar to that modification of — —. soa yt Ts 
more uently from exposure to cold in persons who ‘om. 
aha and is denominated rheumatic ophthalmia, [RHEUMATISM. | 
Sometimes gouty inflammation of the sclerotica is accompanied with 
__ an erysipelatous form of inflammation of the conjunctiva. Beer has 
seen this follow the suppression of gout in the feet by cold, 
Inflammation of the iris (arthritic iritis) is a much more common 
affection than the last in gouty persons, and is usually of an acute 
character. It commences with uneasy sensations in the eye, which 


are followed by pain about the orbit, forehead, and side of the head, 
and lastly in the eye itself. Redness of the sclerotica comes on, which 
is particularly seen round the cornea; attended with watering of the 


eye, and intolerance of light. The iris soon becomes dull and dis- 
___ coloured, the pupil is contracted, and fixed at one or more points to 
_ the capsule of the lens. It has been observed that the red zone round 
e cornea is less bright in this than in other forms of iritis [Irrris] ; 
as in rheumatic ophthalmia, does not quite extend to the cornea, 
at leaves a narrow white ring between them. This form of iritis 
returns again and again, the eye recovering almost completely 

attacks. e iris however often becomes attached to 
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injury to vision. Mr. Lawrence says that gouty inflammation, 
len severe and long-continued, sometimes causes complete disorgani- 


i 


habit, we must bleed and adopt general antip! 


gules, and arily involving the sclerotica and cornea. It generally 
ends in loss of sight, with a dilated pupil and opaque lens; but in 
cases the latter change does not take place, and a green dis- 
coloration of the pupil remains: in this case, Mr. Lawrence{ealls the 
affection acute glaucoma. Arthritic inflammation of the internal tunics 
is a much more serious disease than gouty iritis, and almost invariably 
r It is attended with ¢ suffering; there is severe 
1, Which extends to the face and side of the head ; and the 
distended, or swelled. There is redness of the sclerotica 
junctiva ; dulness of the cornea and iris; Mra te ry Parag. ar 

of the latter is turned backwards, and the opening itself dilated and 
The lens becomes ue, and often of a greenish colour, and 
forward into the dilated pupil; the eye loses its brilliancy 
looks dead. The sight is lost at an early period of the disease, 
_ This disorder generally affects both the } to in succession, and the 
energetic treatment has hardly any effect upon it. Loss of blood, 

other active measures, must be resorted to in the first stage of the 
This disease is generally seen in elderly persons of full habit, 
- with bloated red faces which are owing to indulgence in the pleasures 
of the table. These affections of the eye are sometimes due to rheu- 
matic states of the system, which differ essentially from those of gout, 


_ [Raeumarism. ‘ 
, GOVERNMENT is a word used in common speech in more than 


_ one sense, 1, It denotes the act of governing, as when we speak of 
_ “the business of ent.” 2. The persons who govern are, as often 
_ 88 not, called “the government ;” and we thus speak of “the French 
government,” “the Russian ent,” &e, 3, The word “ govern- 
tient” is used elliptically for the phrase form of government, as when 
we of “a monarchical, ical, or republican government ;” 
of “ the ee aga or French government,’ meaning thereby 
ish or French form of government, or (changing the phrase) 
the English or French constitution. 
The seience of government, or the science which relates to the 
business of is more commonly called the science of legis- 
lation. So the art which flows from this science, or the art of govern- 
ing, is called the art of législation.. In accordance, then, with the 
_ common hraseology, we now dismiss this first of the two sciences, 
and Gaesther with it that sense of the word “ government” in which it 
- signifies the act of governing ; reserving them for treatment under the 
head ATION. In the present article we shall concern ourselves 
exclusively Men that see $ the word “ government” in which it 
stands fo rase “form of government,” confining oursel 
; cumeatio 0! ny 4 pane 


af 


“| the various forms of government. : 

. A government consists either of one person or of more than one. 

+ When it consists of one person only, the appropriate name for the 

form of government would be monarchy. But we shall see hereafter 

that this name is generally, in common speech, fantastically bestowed 
a cular class of governments of more than one; while a govern- 
of one only is called by the names of absolute monarchy, deapotism, 


and tyranny, Of these three names, the last two may be objected to 
as names, because they always imply disapprobation, or because they 
are not only names, but also (to employ Mr. Bentham’s phraseology) 
words dyslogistic. But the essence of this form of government is the 
complete dependence of the governed on the will of one person, which 
is well expressed by the terms despotism and tyranny ; and the sense 
of disapprobation which hangs about these terms, or their dyslogistic 
character, is to be traced to the accidental circumstance of the conju- 
gate terms despotic and tyrannical being commonly used to describe 
other forms of government, in which the arbitrary conduct of the 
governors resembles that of the generality of despots or tyrants. 

2. A government of more than one may either consist of one homo- 
geneous body, or (changing the phrase) of one body all whose members 
are appointed in the same way, or it may be mixed, compound, or 
consist of heterogeneous parts. 

When the members of the one governing body, if hereditary, are a 
decided minority of the state, or, if deriving their powers from without 
their own body, they so derive them from a portion of the state which 
is yet a decided minority, the government is called by the names 
aristocracy and oligarchy. There is a difference in the use of these two 
terms which it is impossible to mark exactly. But it may be said 
roughly that the term oligarchy is used where the minority is very 
pees and the term aristocracy where it is not. The latter term also 
would be always employed where the members of the governing body 
derive their powers from without, or where the body is elective. 

When, again, the members of the one governing body either them- 
selves constitute, or derive their powers from, a portion of the state 
which is a decided majority, the government is called a democracy. 

3. Before proceeding-any further with that series of divisions, in 
which we have now taken two steps, we may remark that the three , 
forms of government of which we have now spoken—namely, absolute 
monarchy or despotism, aristocracy or oligarchy, and democracy—are 
commonly called (as being governments of one person, or of one homo- 
geneous body) pure forms of government, in contradistinction to the 
mixed forms which yet remain to be considered. The division of forms 
of government into pure and mixed is a complete division, which the 
common division into monarchy, aristocracy, and democracy, is not, 

4. A mixed form of government is one compounded of the whole or 
of any two of the three elements which exist separately in the three 
pure forms of government, and also of individuals or bodies deriving 
their powers from different portions of the state, even though each of 
these different portions is a decided majority of the state. It is not 
n to enumerate all the mixed forms of government which arise 
from all the possible combinations. Besides that all the possible com- 
binations may be easily seen, some of them produce forms of govern- 
ment which have never existed, and which consequently are no objects 
of interest. It will be sufficient, then, to speak of those combinations, 
or rather of those classes of combinations, with which men are familiar, 
and for which common speech supplies names. 

The mixed forms of government which occur may be divided into 
two classes, according as an hereditary chief does or does not enter into 
their composition. 

Governments which contain an hereditary chief united either with 
an aristocratic and a democratic body, or with an aristocratic body by 
itself, or with a democratic body by itself, are generally called 
monarchies, They are also called limited monarchies, as if to distinguish 
them from the governments of one only, to which, as we have said, the 
name monarchy more appropriately belongs, but to which, without the 
epithet absolute being prefixed, it is seldom or never applied. ; 

As regards the governments of which an hereditary chief forms no 
part, it will be convenient to observe at the beginning, that the combi- 
nations of an elective chief with one or more democratic bodies are the 
only combinations which possess any interest for men; if, indeed, 
judging from the we may not also say that they are the only ones 
which are practicable. And having premised this, we may say that the 
governments into the composition of which an hereditary chief does 
not enter are generally called republics, or representative governments 
(the relation of the democratic body or bodies in the government to 
the portion or portions of the state that appoint them being known by 
the name representation), or, again, pure representative governments, as 
if to distinguish these from the forms of government in which a demo- 
cratic body is united either with an hereditary chief and aristocratic 
body together, or with either of these by itself. 

It is scarcely necessary for the objects of a Cyclopedia, which 
seeks to collect facts rather than to advance opinions, to enter upon the 
question of which is the best form of government, 

GRACE, DAYS OF. [But or Excuanar.] 

GRACE. This word is frequently used in the Scriptures to denote 
in general the favour and love of God towards mankind, and also more 
particularly as manifested in the gift of his son Jesus Christ. (2 Cor. 
viii. 9.) It is also employed to designate that degree of divine*in- 
fluence upon the mind which enables an individual to believe in the 
Gospel. Grace is sometimes used in opposition to the law, and to 
express the happy condition of those who experience its benefits (Gal. 
y. 4, 5). Also the benefits themselves, or the gifts of the Holy Spirit 
(John i. 14, so: Some theologians maintain that-there are two kinds 
of grace, which they designate as common and special ; the former 
consisting in such divine influences as operate beneficially upon the 
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moral character, but a Pos mind without —_ faith 4 a ree 
which is necessary for salva’ i ag ly to suc ivi 

as have been elected to everlasting life. [Etxorion.] There is also 
difference of opinion among theologians on what is called irresistible 
grace, many considering “that grace may be resisted and rendered 
ineffectual by the erse will of obstinate sinners ;” while others 
believe “that it is never on the whole finally rejected, so as to fail 
working faith in those who are the happy subjects of it.” 

GRACES, GRA’TLE, or CHARITES, in ancient mythology, are 
represented as three young and handsome sisters, the attendants of 
Venus. Their names were Aglaia, Euphrosyne, and Thalia. Homer 
mentions but one Charis. The Lacedemonians had only two, whom 
they called Kleta or Klyta, and Phaénne, and a temple in honour of 
them existed in the time of Pausanias between Sparta and Amycle 
(iii. 18; ix. 35). Hesiod, however, speaks of three. Some poets name 
Pasithea as one of the Graces, The idea of the Graces was, according 
to some, originally a symbolic personification : Aglaia represented the 
harmony and splendour of the creation, Euphrosyne represented cheer- 
fulness and mirth, and Thalia feasts and dances. In short, they were 
an wsthetic conception of all that is beautiful and attractive in the 
physical as well as in the social world. Some called them the daugh- 
ters of Zeus’ by Hera, Eurynome, Harmonia, or Lethe; others of 
Dionysus and Aphrodite ; others, again, of Apollo and Enanthe. Their 

cee is said to have ws garg in Bootia. They were originally 
represented as lightly clothed, but in latter times the sculptors made 
them entirely naked: they are usually figured holding each others 
hands or embracing, and bearing ears of corn or flowers. They were 
invoked to preside at the festive board, at nuptials, at births, &c. 
Their images were multiplied on an infinite number of rie ne 
paintings, gems, and votive inscriptions were affixed to them. Groups 
of the three Graces have been found, forming one of the most pleasing 
representations of ancient art; and modern sculptors, Canova among 


the rest, have sought to rival the ancients in reproducing the same 


subject. (Millin; Hirt; Miiller.) “ 
GRADIENTS. [Ratway.] 
GRADUATE, [Arts, DEGREES IN.] 


GRADUATION is the name commonly applied to the art of dividing 
mathematical and astronomical instruments. The nature of this work 
will not admit of a detailed account of the various methods and 
machines used in different branches of the art; we shall only give an 
outline of the different processes, with reference to the standard 
authorities, and add a few suggestions for the consideration of the 
astronomer and artist. 

Graduation, or, as the workmen more generally style it, dividing, is 
performed in two ways, by making a copy of a system of divisions 
already existing, or by original dividing. The straight scales and rules 
which are in common use are divided thus :—The original pattern, and 
the scale on which the copy is to be laid, are placed side by side; a 

t edge, with a shoulder at right angles, like a carpenter's square, 
is made to slide along the original, stopping at each division, when a 
corresponding struke is cut by the dividing knife on the copy. With 
care and practice, this method admits of considerable accuracy. By 
making the straight edge turn on the centre of a divided circle, the 
divisions of that circle may be copied upon any concentric circle. 
Common protractors are thus divided, and scales upon circular limbs. 
The original circle, which may have several orders of divisions for 
different purposes, is called a dividing plate. 

The above method requires a standard, which must be divided 
originally. This will be noticed hereafter. 

Small theodolites and ordinary circular instruments must haye been 
thus divided, previous to the invention by Ramsden of his dividing 
engine. The errors were of course large, and Mayer proposed to get 
rid of them by his principle of repetition [Rerxatine CracLE]; but 
Ramaden’s discovery of a machine for rapid and accurate dividing was 
better adapted to ordinary purposes. The general principle of Ramsden’s 
dividing machine may perhaps be understood by the following descrip- 
tion :—A horizontal circle of four feet diameter turns upon a vertical 
axis; the outer edge is ratched, or notched, by an endless screw, one 
revolution of which carries the circle round 10’; the pressure of the 
foot upon a treadle turns the screw forward, and there is a series of 
very ingenious contrivances which enable the divider to turn the screw 
pes po any portion of its revolution at each descent of the treadle, 

which restore the position of the parts, when the foot is taken off, 
without allowing any return motion to the screw. The circle to be 
divided is fixed upon the dividing engine, and made concentric with it, 
and a division cut after each pressure of the foot. The Board of 
Longitude gave Ramsden a reward of 300/. for the invention of this 
machine, and 315/. for the machine itself, leaving it, during pleasure, 
in his possession, on condition that he would divide sextants at 6s. and 
octanta at 3¢., for other mathematical instrument makers. Machines 
of a similar kind, with some alterations and im ements, have since 
bedh constructed 4 John Troughton, Edward Tron, hton, and others, 
and these are still employed in all instruments which are not large 
enough, or not sufficiently valuable, to require original dividing. 

Ramsden invented a machine for dividing straight lines, in which he 
used a screw as his original. In the form proposed by Ramsden the 
machine has not been deemed of any value, since a long screw can 
never be made so accurate as a scale divided by bisections. Mr. Bryan 


Donkin has contrived a machine where a screw is indeed the 
where the errors of the serew are corrected by additional 
We do not think that this machine has ever been 


figured or ed, 
but scales have been divided, and screws cut by it of iu 
4 


Dividing engines have been constructed somewhat in - 
Reichenbach and others in Germany, and by Gambey in Paris, Much — i 
of the German division is excellent, and pro superior to any — 
English engine-dividing. It is understood to be by copying. 
A large circle having been divided originally 
is placed upon it, and concentric with it. A mi is fixed 
pendently over the divided circle, the Wiviaions atethediachl in suc- 
cession under the wires of the micrometer, and a line is cutin the 
Sor Soe each bisection. od is pace more tedious than 

e Engli i viding, but it admits o: © greatest ’ t 
when eo wanaatisncnee and expert. It is a defect in the 
engine that the circle to be divided must be detached from its centre 
and framing, and that when reframed there is frequently a 4 
excentricity, that is, the centre of the divided circle is not in the axis: * 
of rotation. This does not, however, cause any error if two or more 
opposite ings be used, It is a worse fault, that if the instrument an 
be badly framed the circle may become distorted when the instrument — 
is again put together. But when the divided limb is only apart of a 
circle, as in the sextant, any error of panei hy: is of serious inpae a 
ance, and this error may be very sensible after the utmost care G5) 
artist. [Sexrant.] Gambey constructed a dividing engine, by 
which the instrument is divided w its own centre, but we cannot 
here describe the contrivance, and are not aware that it has been 
published, 

It has not, we believe, been ascertained what average amount of 
error is to be feared in an English circle, engine-divided. Wehave 
not been able to learn a more ag pre point, whether circles from 7 
the same engine are fac-similes, If they are, it would be easy to deter- 
mine the error of one copy, and to apply correcting pieces to the stop — 
of the dividing screw. Ti is point is worth the attention of the 
for if the engine does always give the same result, the correction we 
neither be troublesome nor expensive; and if it does not, nor can 
made so to do, the German mode of copying must be followed where 
great acc is n a 

In wheb sas poosslan ee existence of a standard is 


use the revolutions and parts of the screw as a division. This was — 
done in Flamsteed’s sector, constructed by Tompion, probably under 


Hooke’s control, and also in his,mural are, but both the limbs were 


\ 
circle, directed his pupil Horrebow to describe a number of concentric 
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and the spaces equal; the actual value of each space was to be ascer- 
tained by finding how many were contained in the are of 90°, between 
the pole and the equator. Horrebow informs us that only one of 
series of divisions was executed which turned out exact enough 
satisfy Roemer. The objection to this division is the same 
Hooke’s endless screw, that there is no check upon an accum: 
small errors; still it is probable that Roemer’s circle was 
divided instrument then in existence, and the idea of tne ee 
value of the parts by observation is worthy of its author. Wehave 
no account of the way in which either Flamsteed’s sector or his mural __ 
are was was divided. All we know is that the latter instrument was 
divided by the “ skilful hand of Abraham Sharp,” then Flamsteed’s 
assistant, 


The art of dividing assumed a new form under the celebrated — 
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is paces 
dot, and a faint are is struck with the other point towards the distant 
dot, and this operation is with the second dot as a centre, — 
The two faint arcs will either include a small space, or leave a small 
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are 
_ trust to the 96 division in cases of di 


_ beam-compasses, but when an erroneous point is once made, the beam- 
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them, which can be most accurately divided with a 
ee eee a Rte ying lous, In the mural quad- 
Greenwich, he carried this principle 

pass, 


I 


, which was used for drawing 
the quadrant, was used for setting off the chord of 

i i in set forward from 
The are of 60° was divided by con- 
ual , and the are of 30° in like 
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egrees, 
seconds, was a considerable increase of labour to the observer. 
uadrants were generally divided to 90 as well as into 96 parts, 
Bradley’s and elyne’s ‘ Greenwich Observations,’ the zenith 
recorded in both divisions, with a recommendation to 
The improvements 


pt 


For further subdivision, a space of 25,856 inches was 
and divided into 256 parts by 


of 

of 

as and the proper tables, all the lines of Gunter’s and other 

are laid off upon a standard. In dividing the mural quadrant 

made great use of his scale, chiefly to obtain the are of 85° 20’, 

perpetual bisection, being 1024 5’. The chords of 
uted and beam-compasses which 

usted by the scale to be the chords 30°, of 15°, of 10° 20’, and 
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usted 
being struck, the radius marked off the chord of 60°, which was 
bisected with the beam-compass containing the chord of 30°, and the 
radius protracted from 30°. gave the quadrantal are exactly as in 
ividi The arc between 60 and 90 was then 
m 


two chords in the same point proved the of the operation. 
The fifth beam-compass had been set to the chord of 42° 40° and with 
this the are ° i When this part had been sub- 
divided, the chord of 64 subdivisions, or of 5° 20’, was taken from the 
divided portion and carried forward from 85° 20’, and then perpetuall 

i points at 30°, 60°, 75°, and 90° fell 


Benes on connie insect Bird ual skill and th = 
an .” Bird's man i e 
care he took to avoid errors arising from the ial expansion of the 


accuracy 
The careful division into 90° is a retrograde step. 
The divisions of Graham, Bird, Ramsden, and the elder Troughton, 
were all performed by the beam-compass, and in a measure 
touch; magnifying lenses were indeed applied to the points of the 


naturally falls into it, and there is considerable trouble in 
rectifying the error. A French nobleman, the Duc de Chaulnes, after 
the micrometer microscope for reading off the divisions of 
instruments Speer 4 first showed how it might be used 

in aetual dividing. He did not however follow Graham’s rule and 
bisections ; hence his method was neglected, 


Be ocn 8 & bee 


into 16 parts, and a microscope placed 
over the divisions, and as each division comes under the microscope, 
a fine round dot is marked upon the circle, which thus receives an 
i division into 256 (or 2*) equal Ei ca eg 

as the roller could be carried round the circle by any number of 
times without over or under ing, it would also mark out equal 
at each revolution, but found himself mistaken, and he 
to examine the dots . Two microscopes 

A and B are fixed above the circle, nearly in a , and the dots 
which are to determine the divisions 0° and 180° are bisected by them. 
is then turned half round, and dot 180° brought under a; 

if 0° at the same time falls exactly under B, the points are diame- 
if not, the quantity and direction of the error is, 


the micrometer of B, half of which is evidently the error 


of dot 180°. The microscope 8 is then shifted and fixed over dot 90°, 
while a bisects 0°. By a quarter revolution of the circle 90° is 

tt under A,and 180° under 8, and the error, if any, measured and 
BT In like manner the error of dot 270° is detected, after which 
the mi B is again shifted, and fixed over dot 45°, when ‘the 
errors of dots 45°, 135°, 225°, and 315°, are determined. It is easily 
seen that this is exactly Graham’s principle of perpetual bisection, only 
using an optical beam-compass instead of one without points, and 
registering the errors of the dots instead of cutting actual divisions. 
In this way Troughton by continual bisections to note 
the relative or apparent errors of the 256 dots. His next step was to 
compute the actual or true error of each dot, and to form a table. 
Suppose that in examining the 180° dot, he found that the arc from 
0° to 180° was less than the are from 180° to 360° by 20", he would 
conclude that the dot 180° was 10” behind its true place. Again, let 
are from dot 0° to dot 90° exceed the arc from dot 90° to dot 180° by 
30”. If 180° were right, 90° would be too forward by 15”; but as 
180° is 10” behind its true ptace, 90° will on this account alone be 5” 
behind, and therefore on the whole will be 10" too forward.* The 
true errors of each of the 256 dots being thus computed, Troughton 
returned to the roller, and by help of a small sector which revolved 
with it and gave him an e scale, enabling him at the same time 
to reduce the division into 256 parts into 360° mechanically, proceeded 
to cut the actual divisions on the circle. This method was com- 
municated to the Royal Society, and printed in the ‘Phil. Trans. for 
1809,’ p. 105. The Copley medal was granted for this very valuable 
and original memoir. Several circles have since been divided after 
Troughton’s method, by his successor Mr. Simms, and by Mr. Thomas 
Jones, and it has been thus proved that the merit of Troughton’s 
dividing depended, as he asserted, on the excellency of his processes, 
and not on his manual dexterity. -It is not worth while to divide a 
circle originally which is less than two feet in diameter. 

There is a caution with respect to this mode of dividing which will 
be sufficiently obvious when pointed out,—namely, that very great 
eare indeed must be taken that the pivots on which the circle turns 
shall be perfectly true and round. The circular line to be divided, and 
the rim on which the roller moves, are respectively drawn and turned 
from these pivots, and the figure of neither is a circle unless the pivots 
be so, The large collar of the mural circle on which the rim is turned 
is of steel, and several inches in diameter. It often happens that hard 
knots occur in the steel which ordinary tools will not touch, and it 
would be prudent in the artist to perform the finishing part himself 
with a diamond. 

We should also recommend the following extension of Troughton’s 
mode of examining his primary dots: After determining the errors of 
dots 0° and 180°, we should leave the microscopes A and B undisturbed, 
and fix two new microscopes, ¢ and p, at 90° and,270°. Then, having 
adjusted o and p in 90° and 270°, and having ascertained their errors, 
as has been already described, the circle should be turned round till 0° 
and 180° are bisected by B and a, when 90° is under p and 270° under 
c. The errors are then to be again determined exactly as before. 
Now, if the circle turn round a mathematical point, the two results 
must, of course, be identical; but if not, it may happen that the | 
observations will give two errors for dot 90° and two for dot 270°, 
which should, however, have the same difference. The final error, or 
that which the artist should adopt, for each dot, is the mean of the 
two determinations, which will give the position of a line at right 
angles to the diameter from 0° to 180°, and the nearest possible to the 
variable centre. It is also clear when this discrepancy is found that 
the centre has not been properly turned. By extending the above 
process to the dots which bisect the quadrants,—that is, shifting the 
microsco} co and p to 45° and 225°,—and trying the dots, as in 
Troughton’s method, and also after a half-revolution, a series of bisect- 
ing diameters may be found which will cut the diameters already 
determined at angles of 45°, and pass as near the variable centre as 
may be. This process should be continued one or two steps more, and 
then Troughton's method may be considered sufficient for the rest. If 
the above system of examination should appear too troublesome, it 
would be at least advisable, when Troughton’s subdivision has been 
carried to 16 or 32 parts, that the table of true errors should be 
checked by opposite readings. This is easily done by bringing each 
dot in its turn under microscope A, and reading off the apparent error 
of the opposite dot by microscope B. As the true error of the dot 
under A is known from the table of errors, this, + the apparent error 


* Let ¢and ¢’ be the errors of any two dots, a and b, 4+ when too forward, 
and — when behind their true place, and the dist to the bi dot c be 


k 
from a=m and from b}=m-+k: then the apparent error of ¢ is — 33 for it 


k 
should be at a distance m+ 5 froma, But the dot a is wrong s, and the dot 
b is wrong +’; therefore there is a further correction of oS, and the whole 


tk 
error of ¢ is (attention being paid to the signs) ae 7 from which expression 


the mode of forming the table of real errors is very evident, care being taken 
not to confound the signs, and also to pass from the arcs to the half arcs 
succession, F 
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as shown by 8, should = the true error of 
also known from the table of errors, sensible discrepancy 

these two values will show a faultiness in the centre. Again, if the 
artist have, as he ought to have, a convenient pier and a sufficiency of 
micrometer microsco he may ascertain errors of his four or 


the dot under 3, which is 
ble in 


eight primary dots placing four or eight equidistant microscopes 
round his circle, and readi off at each quarter or one-ghth of a 
revolution. It would be t to repeat this several times and on 


several days, selecting the times when the temperature had been and 
promised to be steady. This ciple might be carried on farther in 
exam a graduated circle by changing the number of microscopes. 
Indeed, if the centre were very irre; , and therefore the curve 
traced out by its revolution, a better division into equal might 
be got after a preliminary division by stepping than by ughton’s 
method unaltered. ‘As the + and — signs used in forming the tables 
of apparent and true errors may cause a little confusion, it is usual to 
cut a few slight divisions, which may easily be rubbed out, and thus 
to teat the accuracy of the table of errors before commencing the actual 


division. 

It is to seo how Bird’s method of dividing a scale may be 
pursued, adopting microscopes instead of the beam-com The 
examination of such a scale is completely exemplified in Mr, Baily’s 


memoir referred to in the sequel. 

In Ramsden's dividing-engine the circle carrying the instrument to 
be graduated was made to turn round by means of a perpetual screw, 
the teeth of which worked in corresponding notches cut in the edge of 
the circle : the screw was caused to turn on its axis by a cat-gut band 

ing several times round a cylinder on the same axis, and made fast 
low to a treadle which was pressed down by the foot, and allowed to 
rise, when the foot was removed, by the unbending of a spring con- 
nected with the cylinder. In the machine now to be described, which 
was the invention of Mr. Alexander Ross, and of which an account is 
given in the ‘Transactions of the Society of Arts’ for 1831, the circle’ 
has a more steady motion, and it possesses the means of being adjusted, 
so that the inequalities produced by the wear of the parts may be 
obviated. 

A rectangular cast-iron frame, of which a8 is a part, carries the 
circle 0, which turns on a vertical axis at its centre; this axis is in the 
B 
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form of two fruatums of cones, and its lower extremity rests in a cup 
which is at one end of a lever; at the other end is applied a counter- 
poise which, causing a pressure upwards on the axis, diminishes the 
pressure of the circle on the frame which supports it. Round the 
circumference of the circle are 48 projections, a, a, a, &c.; and at one 
end (a) of the frame, a sliding apparatus carries a cylinder 
p, which turns on a horizontal axis, and has on its convex surface a 
spiral projection (5) like a rectangular thread of a screw; this enters 


between the projections a, a, &c., and the distance between the two |: 


turns of the spiral is rather greater than the breadth of one of those 
projections. . 

On the rim of the circle c, and under the projections aa, &c., is a 
groove in which enters an endless cat-gut band, GH; on each side of 
the frame, at the end a of the latter, this band passes over a fixed 
pulley, ¢, and under a moveable pulley, from which is suspended a 
weight, K: it then passes through a notch at d, and above the frame, 
in 


direction dd, 

Four pillars, of which m™ are two, rising from the rectangular 
frame a B, support a.stage which carries the tool for cutting the divi- 
sions on the instrument to be graduated; the apparatus by which the 
cutting-tool is connected with the stage is formed with joints so as to 
allow the tool to be moved up or down, or in the direction of a radius 
of the circle c, but neither to the right nor left of that radius; and 


By moving one end of a lever at the opposite extremi 
Lmao, J}, which is dialed hone ea nets levee gives 
to a catch, or click, so as to cause a ratchet-wheel to turn on its 
and thus give the requisite movement to the eutting-tool : 


g 


2 


taining it the axle of the cylinder p, allows or click 
turn & ratchet-wheel on the latter axle, and, with it, itself; 
and thus a side of the spiral projecti 


gf 


its position when in contact with one side projection 
then the first-mentioned lever back again, a spring, which 
vi against the cat-gut band on the 
drawn off; and thus one of the weights, K, 

and pulley above it, a small movement i 

quently brings thé side of a projection @ again in contact 
of the to the at which the bar ff 
to the lever on the axle of p, 


se 


hand extremities of the screws in J} 


FS ie and, after every movement of 


into its surface; and the 
adjusted, by means of their capstan ; i 
6% is in contact with the screw in any one of the 
bring the end 
—— 
original graduations ; and the movement 
by the primitive divisions coming successively to 
microscope, : : 
It may be useful, before we give a list of references 
and practice of graduation, to point out the effect of 1 
engine-divided circles, which is almost always mistaken 
by unskilful If the centre of the divi 
concentric with the axis of rotation (we here pa te 
revolve, and the verniers or microscopes to be fix ) it 
the centre of the divisions will describe a cire’ 
axis. Now, suppose we set out from 
the divisions is in a line with and 
apparatus. On ing the circle 
ugh which the 
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interior angle of the triangle, the m 
radius is, as to sense, equal to a 
divisions on the primary line.* Hence the error in an 
by excentricity is an are equal to the distance between the tw: 
x sine of the angle from the position we have set out from. 
this consideration it will be eines fo 
trigonometrical lines, that two, three, or any number of equidistant 

will cure excentricity, as the 
the — errors, Now, if the possessor of a circular instrument haying 
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* Let a be the axis of rotation, c¢ the circle described by the centre of the — 
In the position first mentioned in ’ 
When the instrument has been 


divided circle y vv the place of the reading. 
the text, ¢ coincides with c, and v with v. : 
moved round the angle va, the angle read off is vv or yew, and the error is 

ox . 
the angle ay¢, which is = = 
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two or more equidistant readings wishes to examine the divisions, he 
may get rid of the effect of excentricity thus :—Take the mean of the 
readingsat every 10°,20°, or 30°,and subtract eachreading from the mean. 
It will be seen whether the differences thus obtained can be represented 
under the form of a constant quantity +" x sin. @, where @ is reckoned 
from some definite point. If they can, there is no error of division, 
and the residual quantities, when the above equation has been satisfied 
in the best practicable manner, will give some insight into the quality 
of the divisions. The error Bil the aE ei 
form changing to an ellipse by a or other injury is of the form 
, y" xsin. 29, where 4) tk angle from some definite point of the 
___ divisions. Hence two readings at right angles, or three equidistant 
q readings, will compensate each other; so that three or more equi- 


\ distant will destroy the effect of both excentricity and 
ellipticity. In like manner the effect of any error which obeys a law 
g may be ited, when the law is known, and also the number of 


microscopes. Hitherto four or six microscopes seem to have made 
’ circle a well-divided one. a 
4 mode of reading the parts of larger divisions been partly 
d explained in the description of the microscope, article Crrote [AsTRO- 
_—-Kowroat, and will be finished under the head Vinwten. 


or rtm sources of information on this subject are :—‘ The 
: ef Dividing Astronomical Instruments,’ by Mr. John Bird. 
1 London, 1767. ‘Nouvelle Méthode pour diviser les Instruments de 
Mathématique et d’Astronomie, par M. le Due de Chaulnes, 1768. 
Description of an Engine for dividing Mathematical Instruments,’ by 
Mr, J. Ramsden. London, 1777. Troughton’s Memoir, Phil. Trans., 
1809, p. 105. Graduation, ‘ Edin Cycl ia.’ This very valu- 
able article is by Troughton, ‘On the Errors of the Cape Mural 
Circle, by Messrs. S' and Airy, ‘Memoirs Royal Astrono- 
mical Society, vol. v., p. 325. ‘On the Cape Mural Circle,’ by Pro- 
fessor Henderson, ‘Memoirs Royal Astronomical Society! vol. viii., 
p. 141, ‘ Description of the Mural Circle of the Armagh Observatory,’ 
Dr. Robinson, ‘ Memoirs Royal Astronomical Society,’ vol. ix., p. 17. 

. on the Standard Seale of the Royal Astronomical Society,’ by 
Mr. F. Baily, ‘Memoirs Royal Astronomical Society,’ vol. ix., p. 35. 
In the Introductions to the ‘Cambridge Observations’ for 1833-4-5, 
and the Introduction to the ‘Greenwich Observations’ for 1836, will 
be found several instances of the way of examining the divisions of 
___ astronomical circles. See also article Crncue, and the references there 


ven. 

GRAFTING is an operation by which a portion of one individual of 
the vegetable liom is lied to another which is within certain 
limits of physiological , 80 as to form a vital union, and con- 

produce a reci growth. Thus a species bearing small 

austere fruit may be cut down, and the remaining part 

with a scion from a tree of which the fruit is and delicious; and 
re oe wk Reseed in an essential character, this scion 
orm a tree, ultimately producing fruit similar in every . 
all other circumstances being the same, to that of the tree from which 
it was taken. The shoots of any particular variety may be cut into 
many hundred pieces, if sufficiently numerous, ond, by emtling, each 


- 
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of them can be made to possess all the an individual 

_ tree in the course of one season. In the case of cultivated fruits, as 

_ wellas in many varieties of ornamental plants, multiplication by seeds 
_ is precarious; and with regard to hybrids it is impracticable, at least 
9 " 0 assurance can be had of a reproduction of the same variety ; on the 
contrary, a disposition is generally manifested to return to the natural 

, state of the species, Grafting is in some instances the only 
means, and in many it is the most éligible, of preventing this. By it 


the pe richness of the fruit or the delicate tint of the flower 
ich we and admire can be ted in an almost 
infinite series of iduals, each being the result of augmentation of 


progress only becoming by such causes as na limit the 
growth of the parent tree. Propagation by cuttings, it iene, will 
equally continue the variety unchanged ; but that in numerous 


stated, the great importance and utility of the 
Process about to be explained will be suffici evident, r 
Thé limits within which grafting may be effected extend to species 
and varieties of the same us, or at all events are confined within 
the®same natural order. Pears may be grafted not only on other 
pears, but also on the quince (which is he | juently done), and on 
meédlar, white thorn, or mountain ash. are budded either 
more frequently on the plum, their own roots not 
suited to the cold soil Se Met! In these cases, although 


the leaves and fruit of the h and the plum, the pear and the 
; tain ash, have a very different a ce, yet botanists haye 
that the stock and the scion belong to the same natural order. 


As one species is often grafted on another of a different genus, it is 
necessary therefore to state the reason why such is in many cases more 
proper than on species of the same genus; and this leads to the con- 
sideration of the effects generally produced by the stock upon the graft. 
When the stock is of slower growth than the graft, as in the case of 
the white thorn and quince stocks and the pear, the consequence is a 
partial obstruction of the flow of the sap, which checks the over- 
luxuriance of the pear-tree, and its natural disposition to produce only 
wood for a number of years of its youth; the juices, rendered less 
abundant, become more inspissated, and fruitfulness is induced at an 
earlier age. This condition may be even carried too far; for the - 
common quince increases so slowly in diameter compared with the 
generality of pears, that its vessels become inadequate for a sufficient 
supply of nourishment. The French, aware of this, employ the 
Portugal quince as a stock for their , because its wood increases 
more in accordance with that of the latter. On the same principle 
(that is to say, a less copious supply of nourishment) trees are rendered 


- more dwarf than they naturally are, and hence are better adapted for 


small spaces. On the contrary, a weak species will have a tendency to 
grow stronger if on one naturally more vigorous. These are 
modifications induced by the stock on the graft extremely necessary 
to be known and attended to: for instance, apple-trees on crab-stocks, 
if injudiciously planted in a small garden, will soon overgrow their 
limits; whereas on the French paradise stock, the dwarfest of any, 
they are easily managed within a very small space; besides, the roots 
of the latter are very fibrous, and run near the surface, which renders 
them eligible for planting over a bad subsoil. Many species and varie- 
ties both of fruits and ornamental plants, natives of a warmer soil, are 
advantageously on their hardier congeners, such as the peach 
and apricot on the plum, Chinese tender roses on the wild roses of our 
pomene and many ornamental species of Crategus on the C, Oxya- 
cantha, 

The methods of grafting are of great variety. M. Thouin (‘ Mono- 
graphie des Greffes’) has enumerated 48 modes of grafting, 39 of 
inarching, and 28 of budding, Many of these are however more 
curious than useful; and not worth being detailed. It will be better 
to explain the principle on which all modes of successful practice must 
depend, either as grafting, budding, or inarching. 

it is well known that the bud of a plant has the power of becoming 
a distinct individual, if separated from the parent and placed in cir- 
cumstances sufficiently favourable for its future development. But no 
development can take place. unless the portion abstracted from any 

lant contain either a bud, or the perfectly formed rudiments of one. 

ence the portion intended to be propagated must contain a bud or 
buds... The diametrical increase of exogenous plants proceeds out- 
wardly, in consequence of the formation of new layers of alburnum, 
interwoven into the peculiar texture of the tree by extensions of the 
medullary rays. The alburnum is interposed between the inner bark 
and the heartwood, with both of which it is in vital or organised union. 
The greater part of the heartwood of a tree may be bored out, and, 
though made a hollow cylinder, it will still continue to increase. The 
outer bark be removed, and a new one will gradually be formed ; 
but, if the alburnum be entirely destroyed, death will be the con- 
sequence, 

It appears therefore that buds with some portion of alburnum are 
the parts essentially necessary for propagation; for although the heart- 
wood and bark be organised, yet they are but passively so, and have 
not the power of extending organisation to new matter when they 
are deprived of the media of buds and alburnum. Keeping therefore 
the importance of the latter in view, the best mode of operation is 
that whereby the greatest possible extent of the alburnum of the stock 
and graft is brought into exact contact, without making too extensive 
a wound. If the sections of alburnum can be made to coincide in 
every point, the result of the operation will be the most perfect that 
can be obtained. 

The modes of grafting most generally practised are whip, cleft, 
saddle, and crown grafting. Of these whip-grafting is by far the com- 
monest, and is performed as follows :—the stock is cut over, sloping, 
above a smooth and straight part. The end of the scion is cut sloping 
and thin towards the lower end. Then on the same side of the stock 
as that of the lowest part of the. slope made in cutting off its top, a 
slice is cut clean off, in length equal to that of the cut part of the 
scion, and in breadth so as to expose as much of the wood of the stock 
as will equal that seen in’ the slanting section of the scion. Both 
sections should be smooth and plain, and as regards the alburnum, 
they should be the exact counterparts of each other; or, if this cannot 
generally be the case, the coincidence should be as exact as can be on 
one side at least. A thin wedge-shaped tongue is made very near the 
upper part of the slope in the scion, and a corresponding nick in the 
stock to receive it. The top part of the scion is shortened to two or 
at most three buds, and fitted to the stock, to which it is tied with a 
strip of pliable matting; and the parts so united are then covered 
with gratting.cley, or some other composition, which remains till the 
graft pushed, or as long as there is no danger of the matting, used 
as a ligature, cutting or galling the parts when they begin to grow and 
to have an enlarged circumference, After the first loosening it is often 
advisable to apply slightly a fresh bandage immediately ; and in some 
cases a little clay or composition may be put round, should the 
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union appear'too tender to endure exposure to the vicissitudes of the 
weather, 

Cleft-grafting is peta by splitting the stock diametrically 
across the top, w should be cut horizontally, and then nicely 
inserting in one side a scion cut like a wedge. This mode is objection- 
able, because the deposition of young wood takes place for the most 
— in a projection exterior to the circumference of a circle having 

‘or its centre the axis of the stock; the top of the latter is con- 
sequently left long uncovered and becomes unsound from the wood 
being to admit the graft. 

ing is the reverse of the preceding, inasmuch as the 
stock, instead of the scion, is formed like a wedge; and the end of the 
scion made to fit over it, like a saddle, It is preferable to cleft- 
grafting, particularly where the stocks are small, or nearly of the same 
size as the scion; but when the stocks are large, it is by no means to 
« Drow: ving performed on 1 limbs with thick bark 

Orown-grafting is performed on large li wi , or on 
large stems; in either case these are cut off at right angles; the bark 
is raised by thrusting in a tapering flattened piece of smooth hard 
wood, or ivory, between the wood and bark ; this being withdrawn, the 
end of the scion, properly thinned as if for whip- ing, but without 
the tongue, is inse Three or four scions may with propriety be 
thus inserted in the same branch or stem. This method is objectionable 
for the following reasons: the section of the scion is plane; the part of 
the stock to which it is appled is circular; consequently, these surfaces 
can only come into partial contact, Again the abrasion must be con- 
siderably larger than the 5; covered by the scion, particularly if the 
bark of the stock be rigid. If we compare this state with the prin- 
ciple laid down in the preceding part of this article, the result will be, 
what ample experience has proved to be the case, that even on large 
trees whip-grafting is preferable. In fact, the cavity on each side of 
the scion in crown-grafting must be filled with something; either air, 
which is injurious, or if the tree be vigorous, a deluge of sap will 
flow to it; and it often happens that this, technically speaking, drowns 
the t. 

Cains intended for scions should be taken from the trees before 
the movement of the sap commences in spring, and put in moderately 
moist earth or sand, and out of the sun’s rays. If the stocks be cut 
down at the same time it will be so much the better; any large limbs 
of trees which it may be found necessary to graft should by all means 
be cut in before vegetation becomes active, otherwise extravasation 
takes place and canker is in consequence induced. 

Grafting Clay may be made from any smooth clay, jor adhesive 
clayey yellow loam, or brick-earth, mixed with one-third, or, according 
to some, one-half of cow-dung, free from litter, excepting that of hay, 
and if it contain none of the latter, some fine hay must be beaten up 
with the mixture ; the hay answers the same pu’ as hair in plaster. 
A mixture of clay and horse-dung is preferred by some, The fact is, 
that any composition will answer that will exclude the air, retain some 

of moisture, and at the same time prove not injutious to the 
barks of the stock and scion which it surrounds. 

Grafting Wax, a compound of pitch, rosin, bees’-wax, hogs’-lard, and 
turpentine, has had a great reputation as a means of fixing the scion 
to the stock, but it is liable to two serious objections. In the first 
place it does not adhere and exclude air unless both stock and scion 
are perfectly dry when it is used; secondly, the winds in March, the 
general period of grafting, are excessively drying, and were it not for 
the moisture absorbed from the clay the scion would frequently be 
shrivelled, and dried up before it had time to vegetate; but resinous 
substances do not permit of any similar absorption of beneficial 
moisture. 

Tnarching is a species of grafting, the success of which depends on 
the principles above explained. It is sometimes called grafting by 
approach, use in performing the operation the branches or stems 
of two contiguously growing plants are made to approach and unite; 
and this union is effected on the same principles as that of whip- 
i Corresponding slices are taken off, a small slit being made 


upwards in the part that is to form the head, and another correspond- 


ingly downwards in the stock ; being joined, the wounded parts are tied | ad 


ther, and covered with moss or grafting-clay. When proper 
waited, that which is to form the top is by _ Poe severed from 2 
parent root, and thus transferred it ultimately becomes the sole 
ascending stem of the one to which it was made to unite. 

It is generally believed that although the stock and scion are or- 

ically united by the operation of grafting, yet no other effect 
ollows the operation than what may arise from the slowness or quick- 
ness with which the stock allows the sap to rise upwards into the 
scion; and it is generally believed that the scion exercises no influence 
whatever upon the stock. It is however perfectly certain that a bud 
ck S peqecrreg a ie bil ook ; Hf uy Mpa branch of a large 

ofa jasmine, wi ually give egated appearance 
to the Stile stock. This was long since , then denied. but has 
Deen since proved to be true by new experiments. 

GRALN (granum, a seed), an old measure of weight, the smallest of 
those in use. It is of about the weight of a seed of wheat corn, and 
soma peor) odegpeyrak rather as a theoretical aliquot of a 

we , as i a proper standard of weight. We shall 
therefore refer to We1cuTs anv Measures, Ayoinpurois, Troy, &c., 
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ore The former has been sometimes stated, 
tter. The value of the average 
the poids de 
English grain. But if 
made to weigh 24 grains so called, the 
the weight called a grain; which 
gest, acaapepn y fey in of 
the English ; and it is known that 
considerably in different harvests and under different 


This latter circumstance rather oto sees that 
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grains 

ancient harvests. According to Dr, Bernard’s measurement, the , 
of barley is %, or ‘67 of the troy grai 7 
However this may be, the must have lost much of 
ance by the introduction of the avoirdupois pound, of which it 
constituent aliquot The ancient avoirdupois is ; 
stated at from 7009 grains to less than 7000, at whi it 
is now fixed by law. : = 
The grain has varied considerably in different countries : , 
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and the 9 ona rg of the Greeks, Arabs, and Venetians, which 
was "9166 of the English grain, 

The weight of one grain is obtained, for , peoetion’ purposes, without 
difficulty, by weighing a thin plate of metal of uniform ; 
cutting out by measurement such a proportion of the whole plateas 
should give one grain. But a much better plan is to draw a given 
weight of ductile metal into very thin wire, and to cut from the wire 
that length which is the same proportion of the whole length as a 
grain is of the whole weight. In this way pieces of wire are obtained 
for chemical purposes which ha only the thousandth part of a grain; 
and even less weights might be obtained, if it were necessary. 


GRAMMAR, peenansan | ia 

GRAND JURY, [Jury.] z 

GRAND SERJ TY, one of the ancient tenures, The 
tenant, instead of rendering to the king pure itary service, was 
bound to perform in person some special honorary service to the 
sovereign himself, as to carry his banner, or to be his butler, champion, — 


or other officer at his coronation. It was in most other respects 
knight service. Tenure by grand 
to merely honorary services, but the 
away by the stat, 12 Car. II. c. 24, 
GRANDEE, Grande de Espaia is the name of the highest 
the Spanish nobility. The grandees were inally the descendants 
of the great feudatories of the crown, but since the time of Don ~ 
Carlos I. (Charles V. of Germany), who unceremoniously excluded — 
them from the national assembly of the Cortes, it became the practice Z 
sree ish kings to raise new men to the rank of with | 
e do’ 


ion of age or 
whilst they addressed on all occasions those of a recent 


All the grandees of Spain, and also the Titulos de 
quises with a Castilian title, had a right to sit in the 
ever the king pleased to convoke them, and they did 
Cortes assembled, in 1789, as the representatives of the 
order of the nobility. The collective body of the grandees is called 
La Grandeza, but they have no political privileges under the pregent 
constitution, as there is no hereditary house of legislature at present 
in Spain. The titulos, or lower nobility, are excessively numerous, 
and are addressed as su sefioria, abbreviated in common speech to 


ussia, 
GRANT (Conceasio), in law, is technically and strictly a oon 
in writing of incorporeal hereditaments, or of such interests in or 


arising out of land whereof no livery or actual tradition can be made. 
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corporeal hereditaments, as lands and houses, of which actual 
delivery can be made, are said to lie in livery ; but advowsons, commons, 
rents, reversions, &c., which from their nature cannot so be transferred, 
are said to lie in grant. This distinction has been removed by modern 
legislation, and a grant may now be made of every species of property. 
At common law, as at present,a writing was necessary to support a 

; the writing being the evidence of such transfer of property, as 
y of seisin was in the case of a feoffment. Until the statute 


Attornment was a consequence of the feudal law, and until the cere- 

was rendered unnecessary by the statute cited, and by another 

11 IL., c. 19), the doctrine relating to it was one of the most 
confused and difficult branches of the law. 

GRANULATION. [Wovnp.] 

GRAPE SHOT is an assemblage, in the form of a cylindrical column, 
of nine balls resting on a circular plate, the size of the bore of the gun, 
through which passes a pin serving as an axis. The balls are contained 
in a strong canvas bag, and are bound together or quilted on the 
exterior of the latter by a cord disposed about the column in the 
manner of anet ; they then have something of the appearance of a bunch 
of grapes. From the rusting of the iron shot the canvas becomes soon 
destroyed, hence another = of grape shot, sometimes called 
tier shot, has been introduced ; balls are retained round the iron 
pin by a series of flat iron plates, screwed down to the lower 
plate, and between every two of which is a layer of balls, 

The dimensions of a column, or assemblage of balls, and the sizes of 
the balls in the column, vary from 4 lbs. to 8 oz. with the nature of 
the ordnance from which are to be discharged ; according to the 
present method the grape ot are adapted to 6, 9,12, 18,24, and 
, but their weights are rather greater than those of the 


Cant 


troops advancing in close. order to an attack, and on 
fied chip ot cious uarters : 600 yards is considered the limit of the 


GRAPE VINE. INE.] 
GRAPHIC ACID. [Grapnore.] 
GRAPHITE. Pi . Black Lead. 'The natural sources of this 


ny epg ‘the uses to which it is applied, have already 
been Grapaire, in Nat. Hist. Dry. 
The artificial formation of graphite occurs in several 
processes. For example, when cast-iron is melted in contact with 
charcoal, a ity of the latter is dissolved, and on the cooling of the 
mass, a saa Siete cow foes plates ; closely resem- 
bling vari ite now largely imported from lon. 
nie rah ised to the totorte ened thin wenn 
facture of -gas. ous hite—similar to that obtained 
from the Borrowdale mines in Cum! and from Germany—is 
on one of the carbon terminals of the electric-light apparatus 
i ticek of Sh. costal perge 
‘or most of the purposes to which it is ied, hite 
requires to be freed from the impurities with de a greg pra 
is nearly always contaminated. To this end, a process, dis- 
covered eee enn, en ecenitly been made the subject of a 
ts details are as follows :—One pound of powdered graphite 
mixed with four pounds of concentrated sulphuric acid, and one 
ounce of powdered chlorate of potash is then added. The mixture is 
heated until chlorous fumes cease to be evolved, the residue is then 
thrown into water, washed, dried, and ignited. The ignited substance 
on which it floats, while the impurities fall to the 
Lastly, it is dried. * By this process the graphite may be 


just described is very peculiar, much resembling that which takes 
Prot lng plication of heat to the bichromate of ammonia. Gases 
are given 


Pe the —— fs the little angel plates, the whole 
es its original bulk, is reduced to th 

most cbc ahte of ivision. F- i 
According to Professor Brodie’s researches, the composition of the 
body that results from the oxidation of graphite Stites atailed, is 
not constant. It contains the elements of sulphuric acid combined 
with oxygen, with hydrogen, and with a large per centage of carbon. 
repeating the oxidising process, however, five or six times, the 

of the graphite is converted into a light-yellow, transparent, 
substance, to which Professor Brodie has given the name 


a > . e 2 qa 
ydrogen . 3 oa 
Oxygen . . F ; : » 87°04 
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line salts, and is reduced by deoxidising agents to a body resembling 


hite. 

GRASS LAND may be divided into water-meadows, upland pastures, 
and artificial grasses. The first are treated of under InRIGATION: the 
nature and management of the two last we shall here briefly describe. 
Upland pastures are portions of land on which the natural grasses grow 
spontaneously, varying in quantity and quality with the soil and 
situation. The plants which form the natural sward are not confined 
to the family of the Graminee, but many other plants, chiefly with 
perennial roots, form part of the herbage. In the richest soils the 
variety is exceedingly great. When a sod is taken up, and all the 
plants on it are examined, the species will be found more numerous 
than we should have believed possible; * and in the same ground the 
plants will vary in different years, so as to induce one to conclude that, 
like most other herbaceous plants, the grasses degenerate when they 
have grown for a long time on the same spot, and that a kind of rota- 
tion is established by nature. It is chiefly in those pastures where the 
grasses are allowed to grow till they form their seed that this is 
observable; for when they are closely fed, and not allowed to shoot 
out a seed-stem, they are less subject to degenerate and disappear. 
This may be a reason why experienced dairymen are so unwilling to 
allow their best pastures to be mown for hay. They pretend that the 
feed is deteriorated in the next year, and that inferior grasses are 
introduced which injure the quality of their butter and cheese. Close 
feeding is always considered as the most advantageous, both to the 
cattle and the ietor. 

The only way in which a pasture can be profitable is by feeding 
stock ; and its value is in the exact proportion to the number of sheep 
or cattle which can be fed upon it in a season. Extensive pastures are 
often measured only by their capacity in this respect. Thus, we speak 
of downs for 1000 sheep ; and in Switzerland and other mountainous 
countries they talk of a mountain of 40, 60, or 100 cows, without any 
mention of extent in acres. 

When a pasture is naturally rich, the only care-required is to stock 
it judiciously, to move the cattle frequently from one spot to another 
(for which purpose inclosures well fenced are highly advantageous), 
and to eradicate certain plants which are useless or noxious, such as 
docks and thistles, furze, broom, briars and thorns, which, not_ being 
touched by the cattle as long as they have better food, would increase 
and overrun the ground, and take up a space which would be more 
profitably occupied good herbage. The dung of the cattle also, 
when left in heaps as it is ped, kills the grass and introduces coarse 
and less palatable plants. This must be carefully beat about and 
spread, or carried together in heaps to make composts with earth, 
to manure the poorer meadows or the arable land. All that isrequired 
in rich pastures in which cows and oxen are fed, and which are 
properly stocked, is to prevent the increase of the coarser and less 
nutritive plants. eeding is as important in grass as in arable land ; 
and if it is neglected, the consequence will soon be observed by the 
inferior quality of the feed. The urine of the cattle is the manure 
which chiefly keeps up the fertility of grass land; and although in 
hot and dry weather it frequently burns up the grass where it falls, 
when it is diluted by showers the Sereteat appearance of the surface 
shows that its effect has not been detrimental. To enrich poor meadows 
there is no manure so effective as diluted urine, or the drainings of 
stables and dung-hills, 

When pastures are poor, and the herbage is of a bad quality, the 
cause is to be sought for in the soil. A poor arid soil is not fitted 
for grass,nor one which is too wet from the abundance of springs 
and the want of outlet’ for the water. These defects can only be 
remedied by expensive improvements. A soil which is too dry may 
be improved by cultivation and judicious manuring; but for this 
ts ge it must be broken up and treated for some tite as arable 

: and it may be a question whether or not the expense of improving 
the soil will be repaid by the superior quality of the pasture when 
it is again laid down to grass. In general the poor light soils, if they 
are worth cultivation, answer better as arable land, especially where 
the turnip husbandry is well understood. The low wet clay soils may 
be converted into good pastures by draining them well; and the 
improvement thus produced is so great, that judicious draining in such 
soils is the most profitable investment of capital. 

When old meadows have been neglected, or too often mown, without 
being recruited by manure or irrigation, they are often overrun with 
moss or rushes, and produce nothing but a coarse sour grass. In that 
case, besides draining it if required, the land must be broken up and 
undergo a regular course of tillage, until the whole of the old sward is 
destroyed, and a better collection of grasses covers its surface. If this 
be done judiciously, the pasture will not only be greatly improved in 
the quality, but also in the quantity of the grass, There is a natural 

rejudice against the breaking up of old grassland. This has arisen 
ee the improper manner in which it is frequently effected. The 
sward when rotten isa powerful manure, and produces great crops of 
corn, These tempt the farmer to repeat the sowing of corn on newly 


* In a sod of grass taken from Selborne Common, the following grasses were 
found: Plantago lanceolata, Agrostis capillaris, Avena flavescens, Dactylis 
glomerata, Festuca duriuscula, Poa annua, Cynosurus cristatus, Trifolium repens, 

tectorum, Achilea millefolium, Galium verum, Hypocharis radicata, 
Hieracium pilosella, Thymus serpyllum, (Curtis ‘ On Grasses,’) : 
HH 
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If the soil is fit for turnips, no better crop can be sown to prepare for 
the grass seeds, which should be sown without a eorn crop, except 
Veen Pees pevetel, ont the seed is sown late in spring; but 
autumn is by far the best i 
pasture, Turnips of an ly 
with sheep in August or September ; and the ground being very 
slightly ploughed, or rather scarified, and harrowed fine, the 
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and the young grass watered with it. This will so invigorate the plants 
that they will vurike bundantly, 
The following are lists of seed proper for different soils, taken from 


Ibs, Ibs, 

Agrostis stolonifera . é - 13. | Festuca tenuifolia ‘ ° 13 
» Vulgaris . . oe 58 » pratensis . : o » 123 
Aira flexuosa =. . > + 6} » Tube. 5 eee . 10 
Alopecurus geniculatus , Mrs »» sylvation , ' a 10 
” pratensis . é + 5}]| Glyceria fluitans , e ‘ .i4 
therum arenacerum , . 7 | Poaglauca , . ‘ oe 
Anthoxanthum odoratum , . 6 » nemoralis , . : 18 
Avena flavescens , . rere | » Pratensis , ; . - - 18 
Briza media . . . . 10} ” trivialis . . . 1b 
. + « 26 | Holeus lanatus . 7 


Cynosurus cristatus * o- 
Dactylis glomerata . ‘ + 11) | Lolium perenne, the varieties vary 
Fy from . Py - 18 to 30 
: ‘ » italicum . < « « 16h 
»  elatior . F + «+ 20 | Phalaris arundinacea . Ps - 8 
» heterophylla . e + 12} Phelum pratense . ° . » 44 
» loliacea , . + +15 | Poa annua . . . . ~il4 


o ovina .» + + 183] 4 aquatica, ’ ° + « 18} 


Tbs, Tbs, 
Achillea Millefolium . : - 28}/ Trifolium pratense ’ + 62 
Hedysarum Onobrychis . . « 3% +)  COW-grass ’ o - 68 
Lotus : . . + 64 » procumbens , ; . 64 


Vicia sepum ave Sit yo BE 
» Craccah . ' « « 66 
» Sylvation =, . . + 64 


“Tn sowing down grass lands without a crop, the benefit in hay or 
pasture is sooner acquired, without the soil being in any degree 
exhausted by a corn crop, In most cases, however, a greater quantity 
of seed is necessary, than where the young grass enjoys the protection 
and shelter afforded bya cereal crop. These advantages may in a great 
measure be gained in sowing down grass lands without a , and 
with a considerable saving of grass seeds, sowing ay the 

autumn 


mixture, a bushel of rye or of winter per acre, 
sowing, for shelter in winter; and a bushel of barley per acre for 

the young planta from the scorching t of summer, w 
sown pring 5 observing that the barley or rye be eaten or cut 
a wi in a green state. 


though Lolinm italicum, when sown in too great a proportion 
from its strong habit of growth is apt to choke or weaken the. clovers, 
yet by substituting 5 lb. of it for 8 Ib. Lolium perenne in the above 
table, the produce will be materially improved. 


Quayrrry oy Grass Sexy per Inrmnrat Acne. 
I, For Alternate Husbandry, 


1 Year's 


- 
-” ian a a 
y Tbs, | Ibs, | 1 Ibs. | Ibs, 
Lolium perenne . ° o| 18 18 18 18 18 18 
Phieum pratense .  . «| ., +e ‘a 1 1 1 
Trifolium pratense . . 8 6 : 8 6 : 
n » perenne , .. oe ee or 
ofp oat a ene te) a tee 
Medicago lupuling .  g 4] a, 2 2 ay 2 2 
28 30 30 29 31 a 
“Tn proportion to the tenacity and 


Phlewm pratense should be increased from 


and in many cases, for one and two | ony ’ 
i glomerata, Poa trivialis, and some others, might be 
partly substituted for Lolium perenne, the kinds and quantities = 
— 
II—1, For Permanent Pasture, e.' 
7 | 
Light Soils, | Medium Soils.) Heavy Soils, | 
With a| With- with a| With lapse af ithe 7 
crop. crop, crop, | Cuba) 
crop. crop, crop. . 
Ibs, | tbs, | tbs, | Ibs, | Ibs, | Iba, é 
Alopecurus pratensis . . 1 i 1} 2 2 2 4 
Avena flavescens. .  . , 4 se we os rye 
Dactylis glomerata . .| 4 5 4 5 4 1; ie 
Festuca duriuscula . ee 2 2 2 2 1 1 'B 
” . . + 1 1 1 ace ' 
» loliacea . ot ee * ad * 1 2 
” 7 naga éc¥e : : 2 3 a 8 
rubra. e es ee es 
Lolium perenne." , :| 10 | 12 | 10 | ia | do | Gs 
Phieum pratensis . . .| 4, ae 1 1} 2 3 t 
Poa pratense . . . 1 1 ee oe o* - 

»» trivialis , . eel oe om 2 2 3 3 
Medicago lupulina . ‘ 1 1 1 1 1 » 2 oe 
Trifolium pratense perenne , 3 4 3 4 3 4 Fhe 

o reepena iis. a eee 5 4 5 4 5 ; 
And common barley or rye, . 

about one bushel additional | 294 | 96 | Sth] 38h) a8 | 42 

to such as are sown without 

a crop. 

II.—2, For Permanent Pasture. 
Light Soils, | Medium Soils.| Heavy Soils, a 
With a) Witte [With a) Wit [with a} Witte 
" crop. 
FOP | crop, | °P* | crop, crop. 
Woe, | he, | tbe. | Thee | Ther |” Th. 
Aira lutescens oe e 1 ad 
fie pe col A) a a 1 ot 5 
Arrhenatherum avenaceum ,{ .. os 1 1} 2 $ .o 
Avena flavescens. , | 1 FY 4 1 +. 2: ieee 
Dactylis glomerata - | 2 2 2 2 3 ide 
Festuca duriuscula e . 2 3 8 8 2 i i 
» mega deg ec 1 1 1 1 rt 
Mle oe ad wo fp. | 8 |) lee 
1 pratensis . eo] +e ry 2 2 | 2 
» vrabra, * + 2 8 +. oo + + 
Toliumitalioum , ,» , 4 4 . ; : 
perenne, ° 
Phieum pratenso. ” . pf ry 1 1h 2 23 
Poa nemoralis e 2 3 4 2 3 
pra’ . . 1 * - or or 

” trivialis j aA i Wl ‘2 3} 
Medicago lupulina ° : 1 1 oe - o so 
Trifolium pratense perenne . 8 4) 8 4 3 4 

” repens , e . 4 5 4 5 4 5 
Also barley, or rye, as in the 3 
des 2% | 34 | 38 383 | 30 o 
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“The foregoing table (ii—1.) is drawn out with a view to the strictest 
economy as regards the original outlay: yet by introducing 4 lb. 
Lolium italicum for 5 Vb. Lolinm perenne, the bulk of will be 
increased, and the quality improved; and where the value of the seeds 
of Lolium italicum does not exceed three or four times those of 


Lolium a more profitable return upon the whole will be 
yielded by ite introduction. 


“The next table (ii—2.) contains a greater proportion of the more rare 
and valuable sorts of seeds, although these will add considerably to 
the first expense, yet the improved produce will annually give a 
greater return ; and to the mixture in both tables may be introduced 
dry and elevated sheep , 2 Ib. to 4 Ib. of 

on dry light lands, 4 Ib. Achillea Millefolium ; on dry 
calcareous soils, 6 Ib. to 10 Ib. Onobrychis sativus ; in some cases 1 Ib. 
to 2 Ib. of Cichorium Intybus ; och eh pA > peo on lands 
where sheep are subject to liver-rot; and in cases when a crop 
of hay is intended to be taken the first year, 2 lb. Lolium perenne, 
1 Ib. Lolium ttalicum, and 2 Ib. Trifolium pratense should be added.” 

In a recent volume of the English Agricultural Society's ‘ Journal, 
some valuable information was given by Mr. Thompson, its editor, and 
Mr. Dixon, a Cheshire land agent and ulturist, on the 
‘ment and improvement of grass lands, of which we give the following 
account :— 

Mr. Thompson’s is more especially devoted to the consideration 
Ib th beet wnsthod of wrenting newly laid down gress, in ler to suc- 
cess in the production of a good permanent He states that, 
after long experience and repeated failures in the attempt to establish 
@ pasture by fo! sheep year after year on the young grass, he 
“became satisfied that to graze sheep on young seeds intended for 
germ pasture was a mistake, and that in all probability it had 


Mr. Thompson, “I had never aietes otk, mean a i 
down land to grass; but since making & rote #iidly to excbude sheep 


of which the soil was strong clay. The 
to answer best has been to sow a liberal 
district, with a sprinkling of cow- 


the a 
_ Grass and white clover ; to sow them with a crop of wheat (one of the 
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some years it with cattle, beginning for the first year or two 
with stock, until the turf is and strong enough to bear the 
treading of heavy cattle. If farm- manure is not to be had, 3 cwt. 
of best Peruvian guano per acre will prove a tolerable substitute, 
though by no means equal to the former. For some years a newly-laid 
pasture will, unless the land be of very superior quality, require assist- 
ance from time to time to keep it in an improving state : an occasional 
vow, Cae gf mpl eric is, of course, the best; but as this is 
rarely obtainable in sufficient quantity, it must be eked out by other 


The following are among the more striking of the experiences of 
for pasture land recorded by Mr. Dison = 

— A improvement by bone manure was 

Captain De Hollenworth, of Hollenworth Hall, Cheshire, 


used to the acre. Boiled bones at that time cost 4/. per ton; raw 
broken bones, 77. per ton. The land where the manure was used is 
nearly 600 feet above the sea ; old turf; the climate does not mature 
: character of the soil varies, some peaty, on aluminous 

; parts a lightish gray soil, on aluminous slaty 
the latter description of soil that the bones effected 
grass had sometimes been eaten off, and 


: y. “The quality of the herbage was totall 
changed within the first to years ttver boning Some of the tanadine 
had 80s, per acre was readily raised to 31., 
for the tenant when turned either to the 
In the year 
tenant farmer Sane Oat Huxley, near Tarpor- 
bones, ——_ iled. Mr. Williamson’s 
south-west of Captain De Hollenworth’s farm, and is 


pastures was of the poorest kind imaginable, 
plants except the small carex; in the vesan) 


excess Si 
2. on Dig wit inage.-—* In the year 1838 T in a farm 
28 miles west of Captain De Hollenworth’s. The altitude of this was 


about 80 feet above the sea, Up to August in that year 2507. had 


been expended in boiled bones (cost 4/. per ton); the quantity applied 
to the acre was about 16 ewt., the soil and subsoil being much the 
same as on Mr. Williamson’s farm ; the herbage growing on it of the 
same kind, but apparently more scanty. Several small fields had not 
been dressed with the manure, nor had any stock been in these fields 
during the summer up to the month named. So little, however, was 
the herbage, that I computed that not more thah 20 stones of hay 
could be obtained from an acre. In 1839 I again inspected this farm, 
and the pastures showed considerable improvement. The dairy stock 
on the farm the preceding year consisted‘of four cows, which had been 
increased to eight. It is proper to mention here, that the land in 
question had been in grass for a long series of years, its wetness and 
natural cohesiveness having been a bar to any attempt at converting it 
to tillage.- The extent of the farm in question is 98 acres. In 1842 
the dairy stock on this farm was 24 cows, and in the autunin of that 
year 80 sheep were put on the land to consume the superabundant 
grass on the pastures. In November, 1843, I again inspected this farm. 
The weather had been wet for some weeks, and I was sorry to see 
much good herbage on the land almost lost for want of the surface- 
water being properly carried off. Within the past two years I have 
been three times over this farm; it is still in a bad state from want of 
efficient drainage, and the bones seem to have lost much of their 
former effect.” 

3. On Liming.—* In the year 1845 a gentleman purchased several 
hundred acres of land in small farms, all lying in a district of country 
about 600 feet above the level of the sea, neither the land nor its occu- 
pants being in a position to help one another. But the gentleman 
wishing to see the land of his early days wear a more pleasing appear- 
ance, even at great cost, the thing was to be attempted. It was almost 
to an acre old grass land, as corn at that elevation will not often reach 
maturity. I was to direct the re-modelling of the fields, and 
the manuring of nearly all the property. Most of the soil lay on poor 
clay or shale, and lime was used to a great extent. Rather extensive 
draining was done on the clay land; and the material thrown out of 
the drains being of a soft and very cohesive character, we did not 
return it into the drains. It was mixed with lime; and our object 
being to’destroy or reduce the nature of the clay, we put clay and lime 
together in about equal bulk: the lime nearly burnt the clay; to do 
that about 14 days were required. The compost was then turned over 
altogether in a powdery state. In due course it was applied to the 
land, and in a few weeks there was ample evidence that the practice 
was correct. The com: acted sooner than lime alone would have 
done; it has been ly, or, I might say, to some extent more effective. 
About 1000 tons of lime have been used on these small farms, at the 
rate of 8 or 9 tons to the acre, and a great improvement brought about. 
The lime costs here 12s. per ton. It was "brought 30 miles by water, 
and 24 miles by carts. In one year after the lime had been applied, 
10s. to 15s. acre advance in rent was readily obtained. Bones have 
been used here to a limited extent, but, unless applied in double the 
quantity sufficient for most lands in low altitudes, the change is not 
sati oe 
In some soils which are not congenial to grass the seed does not take 
8o well as in others ; and there is a great difficulty in producing a good 
sward. In this case recourse may be had to planting, or, as some call — 
it, inoculating This is done by taking pieces of sward from an 
old meadow, and spreading them over the surface of the land to be 
laid down, after it has been ploughed and prepared in the same 
manner as it would be to receive the seed. The turf of the old 
meadow is taken up with a peculiar instrument in strips two inches 
wide and these strips are cut across so as to form little square pieces, 
which are spread over the ground, leaving about five or six inches of 
interval between every two pieces, The heavy roller presses them 
into the ground. These tufts soon spread and fill up all the intervals 
with a complete old sward. This is a very effectual and certain method 
of producing a permanent pasture. Some attention is required to 
prevent weeds in the intervals between the tufts at first: by 
going over the field with a narrow hoe, all weeds may be easily kept 
own; and the roots and tillers of the grass soon fill up the vacant 


spaces. 

The fertility produced by which is fed by cattle and sheep has 
given rise to the practice of converting arable land to pasture for a 
certain time in order to recruit its strength. The old notion was that 
the land had rest, which by a confusion of ideas was associated with 
the rest of the labourers and the horses. Ploughing was called 
working the land; and some men talked of working out the heart of 
the land by ploughing. That the ploughing of land does not diminish 
the productive power of all soils that are fit for cultivation, will be _ 
rea allowed. The sea sand no doubt, where a few bents have taken 


| root, would not be improved by being stirred; neither would very 


light soils under a burning soaghing in Sey A ig gored there is 
seldom danger of over-ploughing. e i ing in grass, 
has mtidh phgekatle matter Tdded to it from the fibres of the roots 
which die and decay, as well as from the other parts of the grass, which 
draw nourishment from the atmosphere and impart it to the roots. 
Thus in time an accumulation of vegetable soil is formed ; and when 
the land is ploughed the rotting of the sward greatly increases it. 
Eyery species of plant thrives well in this improved soil; and the 
vigour of the growth is ascribed to the recruiting effects of rest, by a 


a 
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fancied analogy with the animal muscle, which is invigorated by 
occasional inaction. 

But setting aside theory, it is well known that land which has been 
some years in grass is improved in fertility. The convertible system 
of husbandry takes advantage of this fact; and all its art consists in 
reproducing a good pasture without loss of time, after having reaped the 
benetit of the fertility imparted to the land during three or four years 
when it was in Good pasture is very profitable; so are good 
crops : } Lapel the one subservient to the other, the farmer who 
adopts the convertible system is enabled to pay higher rents, and still 
hore ig Ree arols Gan: iene who adhere to a simple rotation of 
annual crops. 

When an arable field is sown with the seeds of grasses and other 
plants which give h for cattle, it is called an artificial meadow, 
and the various plants which are raised are all called artificial grasses, 
although many of them haye no botanical title to the name of 
such as clover, saintfoin, lucern, and many others, which produce the 
best and the — hay. ‘ ‘ gl ne ee 

In laying down a field to grass for a very few years the mode o: 
proceeding. is somewhat different from that which is recommended 

for producing a ent pasture. Clover in this case is alwa 
a principal plant, both the red and the white; these with annual 
or perennial rye grass are sown with a crop of corn in spring, and 
begin to show themselves before harvest. The grasses are often 
mown the first year after they are sown, on account of the abundance 
and value of the red clover, but the best farmers recommend the 
depasturing them with sheep, to en the roots and increase 
the bulk. Various circumstances, such as a greater demand for 
clover hay, or for fat cattle, may make mowing or feeding most 
fitable; but when there is not a decided advantage in making 

y, feeding should always be preferred, At all events the great 
object of the farmer should be to have his land in good heart and 
tilth, and free from weeds, when the grass is sown. If his grass 
is good, he is certain of good crops after it with little trouble or 
manure. 

The seeds usually sown on an acre, when the land is laid down 
to grass, are as follows :—Red clover, 12 Ib. ; white, 6 Ib. ; trefoil, 41b. ; 
rib grass, 2 Ib.; and 2 pecks of Pacey’s rye grass. Sometimes cock- 
foot grass (Dactylis glomerata) and cow grass (Trifolium medium) are 
added. This is for a field intended to remain four or five years in 


grass. 

The introduction of artificial meadows, in districts where the soil 
seemed not well adapted for pasture, has greatly increased the number 
of cattle and sheep reared and fattened, and has caused ‘greater atten- 
tion to be paid to the means of improving the breeds of both. Thus 
a double advantage has arisen: the public is benefited by an increased 
supply. and the farmer is rewarded by an additional source of profit. 

the neighbourhood of large towns there are many meadows, 
which, without being irrigated, are mown every year, and only fed 
between hay harvest and the next spring. These require frequent 
manuring to keep them in heart, and with this assistance they produce 
great crops of hay may Eine The management of this grass land is 
well understood in Middlesex. Sometimes the meadows are manured 
with stable dung which has been laid in a heap for some time, and 
been turned over to rot it equally. This is put on soon after the hay 
is cut, and the rains of July wash the ing he the ground ; but if a 
very and hot summer follows, little benefit is produced by the 
dung, which is dried up, and most of the juices evaporated. A better 
method is to make a compost with earth and dung, and, where ‘it can 
be easily obtained, with chalk, or the old mortar of buildings pulled 
down. The best earth is that which contains most vegetable matter ; 
and as many of these meadows are on a stiff clay soil, which requires 
to be kept dry by open drains and water furrows, the soil dug out of 
these and carted to a corner of the meadow makes an excellent founda- 
tion for the compost. It is sometimes useful to plough furrows at 
intervals to take off the superfluous surface-water in winter ; the earth 
thus raised by the plough is excellent to mix in the compost; having 
been turned over with dung, sweepings of streets, or any other manure, 
so as to form a uniform mass, it is spread over the land in winter; and 
in ing » beskbecrow is drawn over the meadow, and it is rolled 
with a vy roller. All this compost is soon washed into the 
ground, and invigorates the roots of the grass. It is better to put 
on a slight coating of this compost every year than to give a greater 
portion of manure every three or four years, as is the practice of some 
farmers. When land is let to a tenant, it requires some attention, 
and particular conditions in the lease, to prevent the meadows being 
deteriorated by continual mowing without sufficient manuring, which 
might be the case near the expiration of the lease. It is very common 
to insist, by a clause, on a cart-load of stable dung being bought for 
every load of hay which is made and not consumed on the premises. 
Sometimes the tenant is bound to feed the land in alternate years; but 
if horses or heavy cattle should be taken in, especially in spring and 
autumn, they may do more harm by their treading, ho the ground 
is soft, than would have been done by taking off a crop of hay. When 
the proprietor of meadows resides near them, he often finds it most 
profitable to keep them in hand, and sell the crop when it is fit to be 
mown, In that case he must be careful to manure them sufficiently, 
or his profits will soon diminish rapidly. The grazing of cattle has 


been a more table occupation than simply tilling the 
Co vcpital seated te cecathen in baa papa bg ce ninned 
she pete San ee to such total failures as the 

is in his crops, With a little experience and 
reckon on a 


. rent, is supposed to produce 2001b. of meatin 
If this is worth 6d.a — 
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GRAVER. Me i 
GRAVITATION. Skcr1ox L—On the Rules for calculating Attrac- 
a 


(1.) The ple upon which the motions of the earth, moon,and 
planets are calc is this: Every particle of matter attracts every 
other particle. That is, if there were a single body alone, and at rest, _ 


then, if a second body were it near it, the first a 
I aasie herla $0, cere Sian die misaed elie Jon eae 
seme saan, if 5 nesdle ie at sess» telag, aed 30 SOE a : 
: , the or 
ret ig Phone ips Brey diet gt aaa ge ba “e 
which we ongs to all bodies of every kind: metals, 
earths, fluids, and even the air and gases are equally subject to , 
nf) The ‘kable hich 
2. most remar! experiments W prove 
attract each other are a set of iments made at the end of the | 
century by Mr. Cavendish. leaden balls were supported on 
ends of a rod which was suspended at the middle 
and when large leaden balls were brought near to them, 
that the wire was immediately twisted by the motion 
But the results of this experiment are principally because th 
are unusual; the ordinary force of gravity serves quite as well 
the existence of some such power. For when we consider 
earth is round, and that, on parts of it, bodies, as soon ey 
ions z 


fail sate Sioa places which are diametrically , 
in opposite directions at the ich are di i i prome) ak 
WS ApS seoapelladl bo ahiomr hiss thee fas Bieta eae Gace c- 
tion, either directed to the centre of the earth, or produced by a great 
number of small forces, directed to all the different particles 

the earth. The peculiar value of Cavendish’s experiment consists in 
showing that there is a small force directed to every different particle 


of the earth. . 
3.) But it is n to state distinctly the rules 
tals -derackion le begeaned, aoe whieh tt toe begrrets or (as 
it is technically called) the law of gravitation. ‘ore we can do this, 
we must determine which of the effects of attraction we choose totake _ 
as its measure. For there are two distinct effects: one is the pressure 
which it produces upon any obstacle that the body at rest ; th 
other is the space h which it draws the in @ certain ti 
the obstacle is removed and the body set at liberty. 
the ordinary force of gravity as an instance: we might 
the pressure which is Secipoed on ie Pate a ee. 
the hand; or we might measure it by the number of i 
which the sagt of lead ep py "aye oe Sites bed hand 
opened (as the pressure are 01 gravity). 
ae Wouctiectnce battens bes tasenazon? 
first, since a great lump of lead weighs more than 
should find a different measure by the use of every different \ 
ead; whereas, if we adopt the second, since it is well establi 
careful and accurate experiments that large and small 
stones, and even feathers, fall through the same number of 
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in ; 
second of time, (when the resistance of the air, &c., is removed,) we 
shall get the same measure for gravity, whatever body we suppose 
subject toits influence. The Sondetaenian simplicity of the measure #: 
thus obtained incline us to adopt it in every other case; and thus we 
shall say, Attraction is measured by the space through which it draws @ 
body in one second of time after the is set at liberty. ‘ 
(4.) Whenever we speak, therefore, of calculating attraction, it must, 
be understood to mean calculating the number of or feet, 
which the attraction draws a body in one second of 
attraction of 


~ 


attracted, but is the same whatever be the mass of the bodyso 
attracted, if the distances are the game.” 
(6.) Thus Jupiter attracts the sun, and J attracts the earth 


also; but though the sun’s mass is 
great as the earth’s, yet the attraction of Jupiter on the sun is exactly 
equal to his attraction on the earth, when sun and the earth are 
equally distant from Jupiter, In other words, (the attraction 
measured in conformity with the definition above,) when the sun and 
the earth are at equal from Jupiter, the attraction of Jupiter - 
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473 
draws the sun through as many inches, or parts of an inch, in on 
of time as it draws the earth in the same time. 

(7.) The second rule is this: “Attraction is ional to the 
mass of the body which attracts, if the distances of different attracting 
bodies be the same.” 
that the sun and Jupiter are at equal distances 
; the sun is about a thousand eng a Suriter 
whatever be the number of inches through which Jupiter draws 


z 
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sun is four hundred times as far off as the moon, and 
therefore, the earth’s attraction on the sun is only part of its 
attraction on the moon; or, as the earth’s attraction draws the moon 
Pere Seeescigt =. inch. io. cue. eccond of imme the ee 
attraction draws the sun through “sth of an inch in one second of 
time. In like manner, supposing Saturn ten times as far from the sun 
as the earth is, the sun's attraction upon Saturn is only one hundredth 
of his attraction on the earth. 
(11.) The same rule holds in comparing the attractions which one 
exerts upon another, when, from moving in different paths, and 
ith different degrees of swiftness, their distance is altered. Thus 
oa gla ylang geal far from the earth as in the 
autumn of 1832; therefore, in the spring of 1833, the earth’s attrac- 
one-fourth of its attraction om Mars in the 


the earth exerts u 


on the earth’s which it t to bear in conformity with the 
a hp given. For the motions of the planets, calculations are made, 
whi are founded upon these laws, and which will enable us to predict 


their places with considerable accuracy, if the laws are true, but 
which would be much in error if the laws were false. The 


d accuracy 
of astronomical observations is carried to a degree that can scarcely be 


imagined; and by means of these we can every day compare the 
observed place of  -galprgier place which was calculated before- 
hand, according to the law of gravitation. It is found that they agree 
as to leave no doubt of the truth of the law. The motion of 
Jupiter, for instance, is so xen Agric that astronomers have 
com: sy Fl beforehand time at which it will pass the 
meridian of di , and we find the predicted time correct 
within half a second of time. 


Srcrion IL—On the Effect CLisanly means pre tnagcua 
and on the Orbital utions of Planets and Satellites, 
(13.) We have spoken of the simplest effects of attraction, namely, 
the production of pressure, if the matter on which the attraction acts 
supported (as when a stone is held in the hand), and the production 
iemeees 22 She: nadine le.nek ot bariy: (an whew: & sates drogped 
the hand). And it will easily be , that when a body_ 
or thrown, in the same direction in which the force draws 
is thrown downwards), it will move with a greater 
than either of these causes separately would have given it ; 
the direction opposite to that in which the force 
thrown upwards), its motion will become 
will, at last, be turned into a motion in the 
we yet to consider a case much more im- 
i : Su that a body is 
" 0, or crossing, the direction in which 
it move ? 


ce of this motion that we can imagine is 
is thrown from the hand in a horizontal 
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in a direction nearly horizontal. We all know that the 
stone soon falls to the ground; and if we observe its motion with the 
least attention, we see that it does not move in a straight line. It 


ot 
begins to move in the direction in which it is thrown ; but this direc- 
tion is speedily changed; it continues to pee ge gre rama 
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‘prevent the body from falling at last. This experiment therefore will 
not enable us immediately to judge teedeadls besomne of-& bay. (as a 
anothe' 


(16.) It appears then that the general nature of the motion is this 
the body describes a curved path, of which the first ph a tle 
direction as the line in which it is projected. The circumstances of 


the motion of the stone may be calculated with the utmost accuracy 
from the following rule, called the second law of motion (the accuracy 
of which has been established by many simple experiments, and many 
inferences from complicated motion). If 4, fig. 1,is the point from 
which the stone was thrown, and AB the direction in which it was 


B 


Cc 


thrown; and if we wish to know where the stone will be at the end of 
any particular time (suppose, for instance, three seconds), and if the 
pat with which it is thrown would, in three seconds, have carried 
it to B, supposing gravity not to have acted on it; and if gravity would 
have made it fall from a to o, supposing it to have been merely dropped 
from the hand; then, at the end of three seconds, the stone really will 
be at the point p, which is determined by drawing BD parallel and 
equal to 4G; and it will have reached it by a curved path a D, of which 
different points can be determined in the same way for different in- 
stants of time. 

(16.) The calculation of the stone’s course is easy, because, during 
the whole motion of the stone, gravity is acting upon it with the same 
force and in the same direction. The circumstances of the motion of 
a body attracted by a planet, or by the sun (where the force, as we 
have ators mentioned, is inversely proportional to the square of the 
distance, and therefore varies as the distance alters, a is not the 
same, either in its amount or in its direction, at the point D as it is at 
the point c), cannot be computed by the same simple method, But 
the same method will apply, provided we restrict the intervals for 
which we make the calculations to times so short, that the alterations 
in the amount of the force, and in its direction, during each of those 
times, will be very small. Thus, in the motion of the earth, as affected 
by the attraction of the sun, if we used the process that we have 
described, to find where the earth will be at the end of a month from 
the present time, the place that we should find would be very far 
wrong ; if we calculated for the end of a week, since the direction of 
the force (always directed to the sun) and its magnitude (always pro- 
aoe inversely to the square of the distance from the sun) would 

ve been less altered, the circumstances would have been more similar 
to those of the motion of the stone, and the error in the place that we 
should find would be much less than before; if we calculated by this 
rule for the end of a day, the error would be so small as to be per- 
ceptible only in the nicest observations; and if we calculated for the 
end of a minute, the error would be ig tt insensible, 

(17.) Now a method of calculation been invented, which amounts 
to the same as making this computation for every successive small 
portion of time, with the correct value of the attractive force and the 
correct direction of force at every particular portion of time, and finding 
thus the place where the body will be at the end of any time that we 
may please to fix on, without the smallest error. The rules to which 
this leads are simple : but the demonstration of the rules requires the 
artifices of advanced science. We cannot here attempt to give any 
— of this demonstration; but our plan requires us to give the 
results, 

(18.) It is demonstrated that if a body (a planet for instance) is by 
some force ‘projected from a, jig. 2, in the directi ion AB, and if the 
attraction of the sun, situated at s, immediately to act on it, 
and continues to act on it according to the law that we have mentioned 
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that is, being inversely proportional to the square of its distance 

m 8, and always directed to 8); and if no other force whatever but 
this attraction acts upon the body; then the body will move in 
one of the following curves—a circle, an. ellipse, a parabola, or a 


ef aes 

every case the curve will, at the point a, have the same direction 
as the line AB: or (to use the language of mathematicians), a B will be 
a tangent to the curve at A. 

The curve cannot be a circle unless the line a B is 
8A, and, moreover, unless the velocity with which the planet is pro- 
jected is neither greater nor less than one particular velocity deter- 
mined by the length of 8 and the mass of the bodys, If it differs 
little from this particular velocity (either greater or less), the body will 


ndicular to 
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move in an ellipse; but if it is much greater, the body will move in a 
parabola or a ola, 

If 8 is oblique to 8a, and the velocity of projection is small, the 
body will move in an ellipse; but if the velocity is great, it may move 
ino parabola ox hgpeeeaniiainal fe 0 plnala: L 

If the body describe a circle, the sun is the centre of the circle. 

If the body describe an ellipse, the sun is not the centre of the 
ellipse, but one focus, (The method of describing an ellipse is to fix 
two pins in a board, as at s and H, fig. 3; to fasten a thread s rn to 
them, and to keep this thread stretched by the point of a pencil, as 
at P; the will trace ont an ellipse, and the places of the pins 
8 and H be the two focuses.) 


s 


If the body describe a parabola or hyperbola, the sun is in the 

focus. . 

ava The planets describe ellipses which are very little flattened, 

differ very little from circles. Three or four comets describe very 
long ellipses; and nearly all the others that have been observed are 
found to move in curves which cannot be distinguished from 

There is reason to think that two or three comets which have been 

observed move in hyperbolas. But as we do not propose, in this 

treatise, to enter into a discussion on the motions of comets, we shall 
confine ourselves to the consideration of motion in an ellipse. 

'  _ (20.) Ev that has been said respecting the motion of a 
planet, or of any kind, round the sun, in consequence of the sun’s 
attraction according to the law of gravitation, applies equally well to 
the motion of a satellite about a planet, since the ap attracts -with 
a force following the same law (though smaller) as the attraction of the 
sun. Thus the moon describes an ellipse round the earth, the earth 
being the focus of the ellipse; Jupiter’s satellites describe each an 
ellipse about Jupiter, and Jupiter is in one focus of each of those 
ellipses ; the same is true of the satellites of Saturn and Uranus. 

(21.) In stating the suppositions on which the calculations of orbits 
are made, we have spoken of a force of attraction, and a force by which 
a planet is proj But the reader must observe that the nature of 
these forces is wholly different. The force of attraction is one which 
acts constantly and steadily without a moment’s intermission (as we 

' know that gravity to the earth is always acting): the force by which 
the body is projected is one which we suppose to be necessary at some 
= time to account for the planet’s motion, but which acts no more, 

e planets are in motion, and it is of no consequence to our inquiry 
how they received this motion, but it is convenient, for the purposes | 
of calculation, to sup that, at some time, they received an impulse 
of the same kind as that which a stone receives when thrown from the 
hand ; and this is the whole meaning of the term “ projectile force.” 

(22.) From the same considerations it will appear that, if in any 
future investigations we should wish to ascertain what is the orbit 
described by a pe after it leaves a certain point where the velocity 
and direction of its motion are known, we may suppose the et to 
be projected from that point with that velocity and in that direction, 
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cle, and it is therefore desirable to 


For it is unimportant by what means the planet acquires its velocity, | p! 


provided it has such a velocity there, 

(23.) We shall now allude to one of the points which, upon a cursory 
view, has always ee one of the greatest difficulties in the 
th of elliptic revolution} but which, when duly considered, will be 
found to be one of the most simple and natural consequences of the 
law of gravitation. 

(24.) The force of attraction, we have said, is inversely proportional 
to the square of the distance, and is therefore greatest when the distance 
is least. It would seem then, at first sight, that when a planet has 
approached most nearly to the sun, as the sun’s attraction is then 
greater than at any other time, the planet must inevitably fall to the 
sun. But we assert that the planet begins then to recede from the 
sun, and that it attains at length as great a distance as before, and goes 
on continually retracing the same orbit. How is this receding from 
the sun to be accounted for? 

(25.) The explanation d on the increase of velocity as the 
planet aaproenay to the point where its distance from the sun is least, 
and on the considerations by which we determine the form of the 
curve which a certain attracting force will cause a et to deacribe, 
In explaining the motion of a stone thrown from the hand, to which 
the motion of « planet for a very small time is exactly similar, we have 
seen that the deflection of the stone from the straight line in which it 
began to move is exactly equal to the space which gravity 
could have made it fall in the same time from rest, wi er were the 
velocity with which it was thrown. Consequently, when the stone is 


thrown with velocity, it will have a distance 
before it is io eflected from the straight Toe aol therstore its 
path will be very little curved; a fact familiar to the experience of 
every one, The same thing holds with regard to the motion of a planet ; 


called the perihelion (if we are speaking ofa 


; in the moon's orbit 


it of a planet, aphelion 
Dee tes one the orbit of one of Jupiter's satellites, we 


perihelion (or of perigee, or of 
If p is the place of 
then the angle Y SP 
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is its true anomaly. (The itude of the planet is, therefore, equal 


to the sum of the longitude of the perihelion, and the true anomaly of 
the planet.) The line sP is called the radius vector. 
Tn all diagrams it, is to be understood, that the planet, or 


our 

moves through its orbit in the direction o ite to the 

of the hands of a watch. This is the direction in which all the 
ites would appear to move, if viewed from any place 

of the planes of their orbits. 

e in which the planet moves from any one point of the orbit 

the whole orbit, till it comes to the same point again, is called 


we know the mass of the central body, and if we suppose 

body to be projected at a certain place in a known 
direction with a given velocity, the length of the axis major, the 
excentricity, the position of the line of apses, and the periodic time, 
may all be calculated. We cannot point out the methods and formule 
used for these, but we may mention one very remarkable result. The 
1 of the axis major depends only upon the velocity of projection, 

the place of projection, and not at all upon the direction of 


(20) We shall proceed to notice the principle on which the motion 
or satellite, in ite orbit, is ealeulated. 
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(30.) Thus, if in one day a planet, or a satellite, moves from A to 
ill move from « to }, making the area a 
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the half of its orbit, 

the whole orbit; and suppose that we wished to find its 
place at the end of three days after leaving the perihelion. If the 
the planet would in three days have moved 
of 54 degrees. If the excentricity of the orbit were small 
if the orbit did not differ much from a circle), the angle 
which the would have moved would not differ much 
excentricities of - the ssa on planets 

begin wi angle 54° 

one which is not very erroneous, but which 


: 
i 


iH 


a 
f 
i 
: 


it 
I 
7 
i 
: 
: 
E 


ts 
q 
li 
i 
u 
i 
H 


EE 
i 
au 
er 
i 
E 
ze 


ue 
i 
g 


longitude, whil 
longhada, = Sm 8 as in (81), we shall form the true 


the length of the radius vector can be computed from a 
of the properties of the ellipse, Thus the place of the 


planet, for any time, is perfectly known. This problem has acquired 
considerable celebrity under the name of Kepler’s problem. 

(34.) There remains only one point to be explained regarding the 
undisturbed motion of planets and satellites; namely, the relation 
between a planet’s periodic time and the dimensions of the orbit in 
which it moves. 

Now, on the law of gravitation it has been demonstrated from 
theory, and it is fully confirmed by observation, that the periodic time 
does not depend on the excentricity, or on the perihelion distance, or 
on the aphelion distance, or on any element except the mean distance 
or semi-major axis. So that if two planets moved round the sun, one 
in a circle; or in an orbit nearly circular, and the other in a very flat 
ellipse; provided their mean distances were equal, their periodic times 
would be equal. It is demonstrated also, that for planets at different 
distances, the relation between the periodic times and the mean dis- 
tances is the following; The squares of the number of days (or hours, 
or minutes, &¢.) in the — times have the same proportion as the 
cubes of the numbers of miles (or feet, &c.) in the mean distances. 

(35.) Thus the periodic time of Jupiter round the sun is 4332'7 
days, and that of Saturn is 10759°2 days; the squares of these num- 
bers are 18772289 and 115760385. The mean distance of Jupiter 
from the sun is about 487491000 miles, and that of Saturn is about 
893955000 miles ; the cubes of these numbers are 1158496 (20 ciphers), , 
and 7144088 (20 ee On trial it will be found, that 18772289 
and 115760385 are in almost exactly the same proportion as 1158496 
and 7144088. d 

(36.) In like manner, the periodic times of Jupiter's third and fourth 
satellites round Jupiter are 7°15455 and 16'68877 days; the squares of 
these numbers are 51°1876 and 278°515. Their mean distances from 
Jupiter are 670080 and 1178560 miles; the cubes of these numbers 
are 300866 (12 ciphers), and 1687029 (12 ciphers), and the proportion 
of 51°1876 to 278'515 is almost exactly the same as the proportion of 
300866 to 1637029. 

(37,) It must however be observed that this rule applies in com- 
paring the periodic times and mean distances, only of bodies which 
revolve round the same central body, Thus the rule applies in com- 
paring the periodic times and mean distances of Jupiter and Saturn, 
because they both revolve round the sun ; it applies in comparing the 

iodic times and mean distances of Jupiter's third and fourth satel- 

ites, because they both revolve round Jupiter; but it would not apply 
in comparing the periodic time and mean distance of Saturn revalvg 
round the sun with that of Jupiter's third satellite revolying rouni 
Jupiter, 

38.) In comparing the orbits described by different planets, or 
satellites, round different centres of force, theory gives us the following 
law :—The cubes of the mean distances are in the same proportion aa 
the products of the mass by the square of the periodic time. Thus, 
for lanes, the mean distance of Jupiter’s fourth satellite from 
Jupiter is 1178560 miles; its periodic time round Jupiter is 16°68877 
days; the mean distance of the earth from the sun is 93726900 miles ; 
its odie time round the sun is 365°2564 days; also the mass of 


Jupiter is ;Apsth the sun’s mass. The cubes of the mean distances are 
respectively 1637029 (12 ates), and 823365 (18 ciphers); the pro- 
ducts of the squares of times by the masses are respectively 


0°265252 and 133412; and these numbers are in the same proportion 
as 1637029 (12 ciphers), and 823365 (18 ciphers). 

(39.) The three rules—that planets move in ellipses, that the radius 
vector in each orbit over areas proportional to the times, and 
that the squares of the periodic times are proportional to the cubes of 
the mean distances,—are commonly called Kepler’s laws, They were 
discovered by Kepler from observation, before the theory of gravita- 
tion was invented; they were first explained from the theory by 
Newton, about the year 1680. 

* (40.) The last of these is not strictly true, unless we suppose that 
the central body is absolutely immoveable. This however is evident] 

inconsistent with the princi, ts which we have laid down in Section I, 
In considering the motion, for instance, of Jupiter round the sun, it is 
ny to consider that, while the sun attracts Jupiter, Jupiter 
$a shad hicaatiog the sun. But the planets are so small in comparison 
with the sun (the largest of them, Jupiter, having less than one- 
thousandth part of the matter contained in the sun), that in common 
illustrations there is no need to take this consideration into account, 
For nice astronomical purposes it is taken into account in the following 
manner :—The motion which the attraction of Jupiter produces in the 
sun is less than the motion which the attraction of the sun hices 
in Jupiter, in the same proportion in which Jupiter is er than 
the sun, If the sun and Jupiter were allowed to approach one another, 
their rate of approach would be the swm of the motions of the sun and 
Jupiter, and would therefore be greater than their rate of approach, if 
the sun were not moveable, in the same proportion in which the sum 
of the masses of the sun and Jupiter is greater than the sun’s mass ; 
that is, the rate of approach of the sun and Jupiter, both being free, 
is the same as the rate of approach would be if the sun were fixed, 
provided the sun’s mass were increased Wy ee Jupiter's mass to it. 
Consequently, in comparing the orbits described by different planets 
round the sun, we must use the rule just laid down, supposing the 
central force to be the attraction of a mass equal to the sum of the sun 
and the fplanet; and thus we get a proportion which is rigorously 


- 
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Aaio: fae Ciiwrent planet te Sie ee res wae 
different centres See tie reese tks ported tiene by 
same proportion as ucts square periodic time by 
the sum of the masses of the attracting and attracted body. 

Szcrion IIL—General Notions of Perturbation ; and Perturbation of 

the Blements of Orbits. 

(41.) We have spoken of the motion of two bodies (as the sun and a 
planet) as if no other attracting body existed. But, as we have stated 
in Remaennn Oty Geneh snk query ssbeline oktenty Ste oeee St 
other and ite. It is plain now that, as each planet is attracted 


very tly at different times by the other whose position 
is ly varying, the motion is no longer same as if it was 
attracted by the sun. The therefore do not move exactly 


in ellipses ; the radius vector of each does not pass over areas 
exactly ional to the times ; ol can peeanes of the cube of 
the mean distance to the product of the square of the periodic time 
by the sum of the masses of the sun and the planet, is not strictly the 
same for all. Still the disturbing forces of the other planets are so 
small in comparison with the attraction of the sun, that these laws are 
very nearly true; and (except for our moon and the other satellites) it 
is only by accurate observation, continued for some years, that the 
effects es can be made sensible. 

(42.) The investigation of the effects of the disturbing forces will 
consist of two parts: the examination into the effects of disturbing 
forces generally upon the motion of a Berne and the examination into 
the kind of disturbing force which attraction of another planet 
produces. We shall commence with the former; we shall suppose 
that a planet is revolving round the sun, the sun being fixed (a sup- 
position made only for present convenience), and that some force acts 
on the planet without acting on the sun (a restriction introduced only 
for convenience, and which we shall hereafter get rid of). 

(43.) The principle upon which we shall explain the effect of this 
force is that known to mathematicians by the name of variation of 
elements. The , as we have said, describes some curve which is 
not strictly an ellipse, or indeed, any regularly formed curve. It will 
not even describe the same curve in successive revolutions, Yet its 
motion may be represented by supposing it to have moved in an ellipse, 
provided we suppose the elements of the ellipse to have been per- 
petually altering. It is plain that by this contrivance any motion 
whatever may be represented. By altering the major axis, the excen- 
tricity, and longitude of perihelion, we may in many different ways 
make an ellipse that will pass through any place of the planet; and by 
altering them in some particular proportions, we may, in several ways, 
make an ellipse in which the direction of motion at the place of the 


planet shall be the same as the direction of the planet’s motion. But 
there is only one ellipse which will exactly through a place of the 
planet, in which the direction of motion at that shall be 


exactly the same as the direction of. the planet’s motion, and in which 
the velocity (in order that a body may revolve in that ellipse round 
the sun) will be the same as the planet’s real velocity. The dimen- 
sions and position of this ellipse may be conceived as follows ; if at 
any instant we suppose the disturbing force to cease, and conceive 
the planet to be as it were projected with the velocity which it 
happens to have at that instant, the attraction of the sun or central 
body will cause it to describe the ellipse of which we are speaking. 
We shall in future mention this by the name of the instantaneous 


ellipse. 

(44.) If the disturbing force ceases, the planet continues to revolve 
in the same ellipse, and the permanent ellipse coincides with the in- 
stantaneous ellipse corresponding to the instant when the disturbing 
force ceases. 

(45.) If the disturbing force continues to act, the dimensions of the 
instantaneous ellipse are continually changing: but in the course of a 
single revolution (even for our moon), the dimensions alter so little, 
that the motion in the instantaneous ellipse corresponding to any 
instant during that revolution will very nearly agree with the real 
motion during that revolution. 

ae shall now consider the effects of particular forces in altering the 
elements. 


(46.) (L) ie that the disturbing force is always directed to the 
central body. The effect of this would be nearly the same as if the 
attraction, or the mass of the central , was increased. The 
result of this on the dimensions of the orbit will be different accord- 
ing to the part of the orbit where it begins to act, and may be 

red from the cases to be mentioned separately hereafter (we 

not insist on it at present, as there is no instance in the p! 
pe of such sudden commencement of force). But at all events 
relation between the mean distance and the periodic time will 
not be the same as before; the time will be less for the same mean 
distance, or the mean distance greater for the same periodic time 
than if the disturbing force did not act (38). If the disturbing force 
is always directed from the central body, the effect will be exactly 
te. If the disturbing force does not alter, except with the 
s distance, the planet will at every successive revolution 
Feacribe an orbit of the same size. For, as we have stated (29) 
the radius vector will in equal times pass over equal areas; and 


give the same values for the greatest and least distances at every — 
distances 


revolution. It may happen that all the greatest 
ot A Aaa the body may describe such an orbit as that 


Fig. 6. 


‘ ate 
(47.) (IL) If, however, the disturbing force directed to the central 


ing 
body increases ually and constantly d many revolutions, 
Coy, rma seine hn sncing thas the plaach oll hooey ronan 


the disturbing force directed to the central body 


i time . In the same 
manner, if the force is directed from central body, a 
gradual increase of the force will increase the di ] 
of the orbit and the periodic time, and a diminution of the 


(48.) eee a that the disturbing force acts always in the 


direction in which the planet is movi ee ee 
at first sight that this would iortesr tn ieee of revolution. 
effect, however, is e: i be 
projected from a, the reason that the sun’s attraction is to 


extremely thin air is of this kind : it is found that a comet 


forms every new revolution in a shorter time than the 
one; and we infer from this circumstance that it experiences some 
resistance in its motion. 

(49.) (IV.) There is one consideration of im) 
estimation of the effects mentioned in (II.)-and ( 


successive revolution, and thus may produce an 

et’s mean longitude (which differs from the 
A Bach the equation of the centre) that is vastly 
mote conspicuous eccloagtegmute: in the dimensions of the orbit, 
Su ‘or instance, a disturbing force acted on a planet 
(either s constant force in the direction of ita motion, or « variable 
force in the direction of the radius vector), such as to increase the 


alteration in the 
true longitude 


mean distance by yq)gth part in Ld navonenans vs the pleas am 
y » 


alteration of the planet's distance from the sun could 


covered by the nicest observations. But as the mean distance has 
Eee in ee odie time 
will have been altered in the proportion of 10000: 100014 nearly, 
or the mean motion will have been altered in the of 


100014 to 10000, or 1:0°99985 nearly. If this alteration has gone 
on uniformly, we may i ay the whole motion in the 100 revo- 
lutions to have been nearly the same as if the planet had moved 


with a mean motion, whose value is half way between the values of 
the first and the last, or 0999925 x the mean motion, 
Therefore, at the time when we should the planet to have 


be noticed by the coarsest 
the alteration of the mean distance in an orbit 
kind of effect as the alteration of the length 


of mearpr peta 


Fe the cate Coons hee . 
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which, though so small as to be insensible to the eye, will in a few 


days a very great effect on the time shown by the clock. 
(50.) (V.) Now, suppose the orbit of the planet or satellite to be an 
ellipse; and suppose a disturbing force directed to the central body 


moving, and let the dotted line BcD.a represent the orbit in which 
have moved if no disturbing force had acted, c being the 
place of perihelion. At B let the disturbing force, directed towards 
8, begin to act, and let it act for a little while, and then cease. The 
planet is at that approaching toward the sun, and the direction 
of its motion es an acute angle with ss. It is evident that the 
disturbing force, which draws the planet more rapidly towards the 
sun without otherwise affecting its motion, will cause it to move in 
a direction that makes a more acute angle with ss. The of the 
new path, therefore, which is nearest to the sun (that is, the new 
) will be farther from 8 than the perihelion c of the orbit 
which the planet would have moved. The reader’s conception of 
this will be facilitated by su ing the orbit, instead of a curve, to 
be a straight line, as Bc in fi. 7°, i 
‘determined by letting fall a perpendicular s c from the sun upon the 
line, when it will be seen that if the di force, acting towards 
ioe 9 the planet from the 
of the foot of the perpendicular sc 


a 


upon the — when it is near aphelion. As the planet is going 
towards aphelion it is receding from the sun. The effect of the dis- 
turbing force is to diminish the rate of recess from the sun; and, 
therefore, to increase the inclination of the planet’s path to the 
radius vector. The aphelion is the place where the planet’s path is 
ndicular to the radius vector. The effect of the disturbing 
‘orce, then, which increases the inclination of the planet’s path to 
the radius vector, will be to make that path perpendicular to the 
radius vector sooner than if the disturbing force had not acted. 
That is, the planet will be at aphelion sooner than it would have 
been if no disturbing force had acted. The aphelion has, as it were, 
gone backwards to meet the planet. If the disturbing force should 
entirely cease, the planet will move in an elliptic orbit, of which 
this new aphelion would be the’permanent aphelion. The line passing 
through the aphelion has, therefore, twisted in a direction opposite 
to the planet’s motion, or the line of apses has regressed. After 
passing phelion, if the disturbing force still continues to act, the 
planet’s approach to the sun will be quickened by the disturbing 
force ; and, therefore, after some time, the planet’s rate of approach 
will be greater than that corresponding, in an undisturbed orbit, to 
its actual distance from aphelion, and will be equal to that. corre- 
sponding in an undisturbed orbit to a greater distance from aphelion. 
If, now, the disturbing force ceases, the planet, moving as if it came 
in an undisturbed orbit from an imaginary aphelion, will continue to 
move as if it came from that imaginary aphelion ; and that imaginary 
saa having been at a greater distance behind the planet than 
e real aphelion, its place will be represented by saying that the 
line of apses has still regressed. The effect, then, of a disturbing 
force directed to the central body, before and after passing aphelion, 
is to make the line of apses regress. 


(54.) In the same manner it will be seen, that the effect of a dis- 


turbing force, directed from the central body, before and after passing 
the aphelion, is to make the line of apses progress. 


(55.) (VII.) Since a disturbing force, directed to the central body, or 


one directed from the central body, produces opposite effects with 


from B is greater than that of sc. With a curved orbit the result is regard to the motion of the line of apses, according as it acts near 
planet, instead of describing BC] perihelion or near aphelion, it is easy to perceive that there must be 
consequence of the action of the disturbing force,| some place between perihelion and aphelion, where the disturbing 
the of perihelion, instead of o, will bec,a| force, directed to the central body, will produce no effect on the 
than cis. Now, if the distur’ force | position of the line of apses. It is found by accurate investigation, 
would move in an Ma, ey b,and | that this point is the place where the radius vector is perpendicular 


at 
b 
SEE 
BF si 
i 
é 
Fs 


u 
; 


. the line of apses, instead of cs D, would becsd. The of apses| to the line of apses.* 

has, therefore, twisted round in the same i as that 
in which the planet was going; and this is expressed by saying that | (56.) (VIII) The effects mentioned above are greatest when the excen- 
the line of apses progresses, If, after c, the disturbing force | tricity is small. Let us compare the two orbits a cB in fig. 8 and 
should again act fora little while—at ¢ for instance,—the recess of | ACB in fig. 9,in one of which the excentricity is great and in the 
the planet from the sun would be diminished ; its path would be c , 
eee eeney perpenticabe 0 the radius vector ; and, therefore, the 
inclination of meiliba tien be such as to a smaller 
distance from ion than the planet really has; that is, when 


the planet leaves ¢, the inclination of its path to the radius vector is 


ly to act, and the planet, which 
the périhelion f, will continue 
had come from the perihelion f; it will proceed, 
ibe an elliptic orbit in which fsg is the line 
of apses; the line of apses been twisted round in the same 

or the line of apses has still progressed. The 
_ effect, then, of a disturbing force directed to the central body before 
and after passing the perihelion, is to make the line of apses 


* 

51.) In the same manner, it will be seen, that the effect of a dis- = 
turbing force, directed from the central body before and after passing 
(52.) The motion of the planet, subject to such forces as we have 

be as if it was revolving in an 

elliptic orbit, and this elliptic orbit was at the same time revolving 
i same direction as that in which the 

round, and always carrying it on its circumference. And 

this is the easiest way of representing to the mind the general effect of 
this motion ; the physical cause is to be sought in such explanations as 
that above. other small: suppose the disturbing force to act for a short time at 
(53.) (VI.) Suppose a disturbing force directed to the centre, to act| the perihelion c, and to be nearly equal in the two orbits, so as to 


. deflect the new path cd from the old orbit cB by equal angles in 

* This result, and those which follow immediately, may be inferred from the 
construction in Newton's ‘ Principia,’ book i., sect. 3, prop. xvii. If we assume * To the reader who is famillar with Newton’s ‘ Principia,’ sect. 3, the fol- 
(as we suppose in all these investigations) the excentricity to be small, the | lowing demonstration will be sufficient; The disturbing force, which is entirely 
disturbing force directed to the sun will not sensibly alter the planet’s velocity, | in the direction of the radius vector, will not alter the area described in a given 
but will change the direction of its path at p, the place of action (in Newton’s | time, and, therefore, will not alter the latus rectum (to the square root of which 
figure); the length of rm, therefore, will not be altered (since that length | the area is proportional). But half the /atus rectum of the undisturbed orbit is 
depends only on the velocity), but its position will be altered, the position of | the radius vector at the supposed place of action of the disturbing force (since 
rH ‘determined by making the angle ura equal to the supplement of | that radius vector is supposed perpendicular to the major axis), ‘Therefore, 
RPS. trying the effects of this in different positions of r, and observing that | half the Jatus rectum of the new orbit is the radius vector at the point in 
the immediate effect of a disturbing force directed to the centre is to increase | question; and, consequently, the radius vector, at the point in question, is per- 
the rate of approach, or to diminish the rate of receding, and that the effect of a | pendicular to the major axis in the new orbit; but it was so in the undisturbed 
force directed from the centre is the opposite, all the cases in the text will be | orbit ; and, therefore, the major axes in the new orbit and the undisturbed orbit 
fully explained. coincide. 
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the two cases; with centre s describe the circle cde. Then it is | projected, if it is in a direction ‘to the radius 
evident that the very excentric orbit op in fig. 8 is widely separated | vector (which is im rf t place where the 
. from the circle ede, and when it is bent through a given | force acts was an apse in the old ), the plee of ‘ection wilt 
angle to the position od, it will intersect the circle at a point d not be an in the new orbit; and fine of apecs, wile 
distant from c. In fy. 9, on the coutrary, the orbit cB is not widely | is the line drawn from that sun, will be the same 
separated eee een a Serenes ween ib» bee meres as 
given angle, its intersection d will be distant from c. Now the new (62.) But if the force act for a short time before the planet reaches 
perihelion ¢ will be found, in both cases, by bisecting od; and, | the on, its principal * effect will be to increase its velocity ; 
pre he abl position sgh a bagel: 5 —~ states? the sun's attraction will therefore have less power to ourve its path 
excentric, is much less than in fig. 9, where the excentricity is (25) ; the new orbit will be, in that part, exterior to the old one. In 
Or we may state it thus: The alteration of the place of + | fig. 12, we must therefore suppose that the planet, after A, 
or aphelion, depends on the proportion which the al in the 
ee 2s ae: i te ee 
approach or recess ; fore greatest when 
whole or recess is least; that is, when the orbit is little Fig. 12, 
excen’ 


(57.) (IX.) To judge of the effect which a enrrap Lor directed to 
the sun, will produce on the excentricity of a ‘s orbit, let us 
the planet to have left its perihelion, and to be moving 


. uently, to be receding from the sun, 
and now let the disturbing force act for a short time. This will 


receded without the action of the disturbing force ; 


its orbit (28),—will be moving in a path more inclined to the radius 
veotor than if the disturbing force had not acted. The may, 
therefore, be considered as projected from the point a, fig. 10, in the 


Fig. 10, 


direction a b instead of a B, in which it was moving; and, therefore, 
instead of describing the orbit acc, in which it was moving before, 
it will describe an orbit acy, more resembling a circle, or less excen- 
trie than before. The effect, therefore, of a disturbing force directed 
to the centre, while a planet is moving from perihelion to aphelion, 
is to diminish the excentricity of the orbit. 


(58.) If we suppose the planet to be moving from aphelion to 
perihelion, it is approaching to the sun; the disturbing force directed 
to the sun makes it approach more rapidly ; its path is therefore less 
inclined to the radius vector than it would have been without the 
disturbing force ; and this effect may be represented by supposing that 
at B, fig. 11, instead of moving in the direction EF in which it was 


Fig. 11. 


moving, the planet is projected in the direction x f. Instead therefore 
of describing the ellipse & a4, in which it was moving before, it will 
describe such an ellipse as Bg h, which is more excentric than the 
former. The effect therefore of a disturbing force directed to the 
centre, while a planet is moving from aphelion to perihelion, is to 
increase the excentricity of the orbit. 

(59.) In a similar manner it will appear, that the effect of a dis- 
turbing force, directed from the centre, is to increase the excentricity 
as the planet is moving from perihelion to aphelion, and to diminish it 
as the planet moves from aphelion to ion, 

(60.) (X.) Let us now lay aside the consideration of a force acting in 
the direction of the radius vector, and consider the effect of a force 
acting perpendicularly to the radius vector, in the direction in which 
the planet is moving. And first, its effect on the position of the 
line of apses. 


(61.) If such a force act at one of the apses, either perihelion or 
aphelion, for a short time, it is clear that its effect will be represented 
eaves that the velocity at that apse is suddenly increased, or 
that the velocity with which the planet is projected from perihelion is 
greater than the velocity with which it would have been projected if 
no disturbing force had acted. This will make no difference in the 
position of the line of apses; for with whatever velocity the planct is 


and the path described by the is vf, instead 
parks Lvershgrgecrn Be! oye i! eo 
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distant from the sun must be g instead of ¢, and the line of apses must 
have changed from s ¢ to 8 g, or must have regressed. 
g 


Fig. 15. K 


(65.) Collecting these conclusions,* we see that, if a disturbing force 
ager A the radius vector, in the direction in which the 
action, while the planet passes from perihelion to 
ion, the line of apses to progress; and its action, while 
planet passes from aphelion to perihelion, causes the apses to 


i 


apses 
67. ) For the effect on the excentricity: suppose the disturbing 
f PND scl spade , to act for a short time at perihelion ; 
the effect is the same as if the planet were projected from perihelion 
a greater velocity than that which w cause it to describe 
old orbit. The sun’s attraction therefore will not be able to pull 
into so small a compass as before; and at the opposite part of its 
bit, that is, at aphelion, it will go off to a greater distance than 
before; but as it is moving without disturbance, and, therefore, in 


being increased, the i ity of these distances is increased, and 

more excentric. Now, su: 

act at aphelion. Just as before, the sun’s 

will be unable to make the planet describe an orbit so 

i the distance at the opposite point (that is, 

at perihelion) will be increased; but the planet will return to the 

same aphelion distance as before. Here, then, the inequality of 
distances is diminished, and the excentricity is diminished. 


e 
é 


(69.) (XII) In all these investigations, it is supposed that the dis- 
tarbing fare ata for awry art te, nd hun crac In future, 
we have to consider the effect of forces, which act for a long 

, changing in intensity, but not To estimate their 
ust suppose the time divided into a great number 

3; we must then infer, from the i 


of these short times by the action of the force, which is then 
the motion; and we must then recollect, that the instan- 
é, at the end of the long time under consideration, will 


ceases to act (43), and that it will, at all 
the curve described in the next revo- 
even if the disturbing force continue to act. 


Szorton IV.—On the Nature of the Force a@ Planet or Satellite, 

; . produced by the Attraction of other Bodies. 

examined the effects of forces upon the 

's or satellite's orbit, we have now to inquire into 
i hich attraction of another body 


(71.) First, then, we bave to remark, that the disturbing force is not 


the place where it would ‘otherwise have been; but the sun’s attracti 
upon the earth also moves the earth from the place where it would 


* These conclusions, and those that follow, will be easily inferred from 
Newton's ramen XVILL, by observing, that an increase of the 
t inetonses the of #ic in Newton’s figure without altering its 


otherwise have been; and if the alteration of the earth’s place is 
exactly the same as the alteration of the moon’s place, the relative. 
situation of the earth and moon will be the same as before. Thus, if, 
in fig. 16, any attraction carries the earth from x to e, and carries the 


mp pM 
Fig. 16, 


el fz 


moon from M to m, and if Ee is equal and parallel to um, then em, 
which is the distance of the earth and moon, on the supposition that 
the attraction acts on both, is equal to = M, which is their distance, on 
the supposition that the attraction acts on neither; and the line em, 
which represents the direction in which the moon is seen from the 
earth, if the attraction acts on both, is parallel to zm, which represents 
the direction in which the moon is seen from the earth, if the attrac- 
tion acts on neither. The distance therefore of the earth and moon, 
and the direction in which the moon is seen from the earth, being 
unaltered by such a force, their relative situation is unaltered. An 
attraction, therefore, which acts equally, and in the same direction, on 
both bodies, does not disturb their relative motions. 
From this we draw the two following important conclusions :— 


(72.) Firstly. A planet may revolve round the sun, carrying with it a 
satellite; and the satellite may revolve round the planet in nearly 
the same manner as if the planet was at rest. For the attraction of 
the sun on the planet is nearly the same as the attraction of the sun 
on the satellite. It is true that they are not exactly the same, and 
the effects of the difference will soon form an ieporeut subject of 
inquiry; but they are, upon the whole, very nearly the same. The 
moon is sometimes nearer to the sun than the earth is, and some- 
times farther from the sun; and, therefore, the sun’s attraction on 
the moon is sometimes greater than its attraction on the earth, and 
sometimes less; but, upon thé whole, the inequality of attractions is 
very small, It is owing to this that we may consider a satellite as 
revolving round a planet in very nearly the same manner (in respect 
of relative motion) as if there existed no such body as the sun. 

(73.) Secondly. The foree which disturbs the motion of a satellite, or 
a planet, is the difference of the forces (measured, as in (4), by the 
spaces through which the forces draw the bodies respectively) which 
act on the central and the revolving body. Thus, if the moon is 
between the sun and the earth, and if the sun’s attraction in a 
certain time draws the earth 200 inches, and in the same time draws 
the moon 201 inches, then the real disturbing force is the force which 
would produce in the moon a motion of one inch from the earth. 


(74.) In illustrating the second remark, we have taken the simplest 
case that can well be imagined. [f, however, the moon is in any other 
situstion with respect to the earth, some complication is introduced. 
Not only is the moon's distance from the sun different from the 
earth’s distance, (which according to (9) produces an inequality in the 
attractions upon the earth and moon,) but also the direction in which 
the attraction acts on the earth is different from the direction: in 
which it acts on the moon, (inasmuch as the attraction always acts in 
the direction of the line drawn from the attracted body to the attract- - 
ing body ; and the lines so drawn from the earth and moon to the sun 
are in different directions.) The same applies in every to the 
perturbation which one planet produces in the motion of a second 
planet round the sun, and which depends upon the difference in the 
first planet’s attractions upon the sun and upon the second planet. To | 
overcome this difficulty we must have recourse to geometrical con- 
siderations, In fig, 17, let B, be a body revolving about a, and let o be 


a 


another body whose attraction disturbs the motion of B, round a 
The attraction of o will in a certain time draw a to a; it will in the 
same time draw B,to ,. Make B, d, equal and parallel to aa; then 
ad, will be equal and parallel to a B,. Now if the force upon B, were 
such as to draw it to d,, the motion of B, round a would not be dis- 
turbed by that force. But the force upon 8, is really such as to draw 
it to b,. The real disturbing force then may be represented as a force 
which draws the revolving body from d, té 6,. If, instead of sup- 
posing the revolving body to be at B, we suppose it at B,, and if the 
attraction of o would draw it through B, b, while it draws a through 
4 a, then (in the same manner, making », d, equal and parallel to A a) 
the real disturbing force may be represented by a foree Which in the 
same time would draw B, through d, 6,. 
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sc Ree hong magnitude and the direction of this force are con- 2c eae But since cB is also ual to © A, it is evident that ab 
tinually varying, and we must, if possible, find a convenient way of be Con- 


representing it. We shall have recourse here to the “compositon of 
a 


Fig, 18. JS 
b 


motion.” In fg. 18, if d b represent the space through which a force 
drawn a body in a certain time, the same effect may be produced 
two forces of which one would in the same time draw the body 
to ¢, and the other would in the same time draw the body from 
And this is true whatever be the directions and lengths of 
eand ¢b, ided that with d 6 they form a triangle. ‘To accom- 
: this Section to those of Section IIL, we 

¢ 


the direction of the radius vector. 

(76.) We now want nothing but estimations of the magnitudes of 
these forces in order to apply the investigations of Section III. For 
the present we shall content ourselves with pointing out some of the 
most interesting cases. 

(77.) I. Let the disturbing body be exterior to the orbit of the 
disturbed body: (this applies to the disturbance of the moon's 
motion produced by the sun's attraction, the disturbance of the 
earth's motion by Jupiter's attraction, the disturbance of the motion 

Fig. 19. Cc baB aA 


. Dy das | . 


of Venus by the earth’s attraction, &c. :) and first, let the revolving 
body B be between the disturbing body c and the central body a 
(as in fig. 19.). If the attraction of c will in a certain time draw a 
to a, it will in the same time draw B to b, where B } is much greater 
than aa. Take Bd equal to a a, then d b is the effect of the 
disturbing force, which tends to draw B further from a. In this 
case then, the disturbing force is entirely in the direction of the 
radius vector, and directed from the central body, This is the 
test disturbing force that can be produced by c. 

(78.) Il, Let c a B (jig, 20) be in the same straight line, but let B be 
Fig. 20, ¢C aa dB 


© 


n the side of A, opposite toc. In this case Bd is less than a a; 

and if B d is taken equal to a a, the disturbing force represented by 

db will be entirely in the direction of the radius vector, and directed 

from the central body. This case is particularly deserving of the 

reader’s consideration, as the effectual disturbing force is exactly 
ite tq the attraction which o actually exerts upon B. 

(79.) Il. The disturbing force in the case represented in jig. 19, is 
much greater than that in the case of fig. 20, except c be very 
distant. Thus; sup 4 Bto be half of ac. In the first case, the 
attraction upon B (by the law of gravitation) is four times as great 
as the attraction upon a, and therefore the disturbing force (which 
is the difference of the forces on a and 8B) is three times as great as 
the attraction upon a. In the second case, the distance of B is 3 of 
the distance of a, and therefore the attraction upon B is § of the 
attraction upon A,and the disturbing force is § of the attraction 
upon A. The disturbing force in the first case is, therefore, greater 
than in the second case, in the proportion of 3 to §, or 27 to 5. 
This remark applies to nearly all the cases of planetary disturbance 
where the disturbing planet is exterior to the orbit of the disturbed 
planet, the ratio between these distances from the sun being a ratio 
of not.very great inequality, But it scarcely applies to the moon. 
For the sun's distance from the earth is nearly 400 times the 
moon's distance : consequently when the moon is between the sun 
and the earth, the attraction of the sun on the moon is ({%)?x the 
attraction of the sun on the earth, or 1%) eer of the sun’s attrac- 
tion on the earth, and the disturbing force therefore is 1J?%, of 
the sun's attraction on the earth ; but when the moon is on f arip 
farthest from the sun, the sun's attraction on the moon is (°)* or 
4g487 parts of the sun’s attraction on the earth, and the disturbing 


force is ff; parts of the sun’s attraction on the earth, which is very | 


little less than the former. The effects of the difference are, how- 
ever, sensible, 


dB 
Fig. 21. 


Cc ack ‘ 


(80.) IV. oy steed B, fg. 21, to be in that part of its orbit which is at 
the same distance from c as the distance of afromec. The attrac- 
tion of © oe the two other bodies, whose distances are equal, will 
be equal, but not in the same direction. Bb, therefore, will be 


1 to a B, and therefore } will be in the line ad. 
also the disturbing force will be entirely in 


magnitude of the disturbing 
whole attraction on 
the first numerical instance 
this part of the orbit is 4 of 
numerical instance, the disturbing force 
It is important to observe 
force, when wholly directed to the centre, is 
value of the disturbing force when wholly directed 
centre: in thaliliter inetence it fe almtat exactly one-half 
81. When the disturbing body is distant, the of 

which we have here considered is very 

dra AB perpendicular to c a. 

(82.) (as in the case of 
the sun), the forces mentioned 


iT 


2 
8g 3 


force 


hen bet the earth and th would be 
(when between the sun) be (iui) or Sa parts 


of attractions on the earth and moon, would be sy, or 
part of the sun’s attraction on the earth. Thus, on 
moon's distance from the earth, the di force is r 
doubled : and in the same manner, on altering the pram * 
other proportion, we should find that the disturbing force is 
in cog Ae same proportion. 

(83.) VI. 
altered, the 


oh 
F 
| 
g 
é 


earth’s distance from the sun is altered, the 


i 


— 


ms 


; 


nearly 


, while the moon’s distance from the earth is not sensibly 
disturbing 


force is diminished very nearly in the same ratio in which the cube 


of the sun’s distance is increased. For if the sun's distance is 400 


times the moon’s distance, and the moon between the earth and — 
disturbing part 


force is nearly 


on the earth and moon respectively willbe | and jG part of the 
; e 


former attraction on the earth: and disturbing force, or the — 
difference between these,-will be or nearl: of the — 
former attraction of the earth. us, on dou! the sun’s dis- 

© tance, the disturbing force is diminished to jth of its former 


(84.) VIL 
its distan: 


where it is between a and ©. ee ee Ee ae 
from c is equal to a’s distance from ©, the disturbing force is in the 
direction of the radius vector, and directed 

i we Ee tear es 
the directi 


that N xp it will appear » 
men 


which B is moving from the poin' 
point whose distance from ¢ is equal to a’s distance from oc, we shall 


find that there is a distur’ icular to the radius 
irecti in which Bis going. If we 


of A 


t between oc and a to the other 
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dicular to the radius vector, in the same direction in which B is | Syzygies and quadratures, there is always a foree perpendicular to the 
going ; and in the same manner, for the situation B, in jig. 17, where | radius vector, such as to retard the moon while she goes from syzygy to 
B is moving en the point on the’ ioe of A opposite 0 to see next | quadrature, and to accelerate her while she goes from quadrature to 
point of equal distances, there is a disturbing force perpendicular | syzygy. 
to the radius vector, in the direction opposite to that in which B | (gg) J. As the disturbing force, in the direction of the radius vector 
5 is going. : directed from the earth, is greater than that directed to the earth, 
~ (85.) The results of all these rary may Be Fe peo cog hig dis- - may peaperrsectinge one whole, the a of the disturbing 
~ turbing body being exterior to the orbit o: revolving body, there force is imini e ’s attraction. us the moon’s mean 
is a disturbing fac in the direction of the agen Me r eg directed ag from the earth is less (see (46) ) than it would have been 
from the central body, at the points where the revolving ly is on wi © same periodic time, if the sun had not disturbed it. The 
q the same side of the central body as the disturbing body, or on the force perpendicular to the radius vector sometimes accelerates 
be opposite side (the force in the former case being the greater), and the moon, and sometimes retards it, and, therefore, produces no 
. directed to the central body, at each of the places where the distance | permanent effect. 
; from the disturbing body is equal to the distance of the central body | (90.) II. But the sun’s distance from the earth is subject to altera- 
; from the disturbing body. The force directed to the central body tion, because the earth revolves in an elliptic orbit round the sun, 
: at the latter Roe is, however, much less than the force directed Now, we have seen (83) that the magnitude of the disturbing force 
from i . Between the adjacent pairs of these four points is inversely proportional to the cube of the sun’s distance ; and, con- 
there are four other points, at which the disturbing force in the| sequently, it is sensibly greater when the earth is at perihelion than 
direction of the ius vector is nothing. But while the revolving when at aphelion. Therefore, while the earth moves from perihelion 
F body is from one of the points, where it is on the same side of | to aphelion, the disturbing force is continually diminishing; and 
the central as the disturbing body, or on the opposite side, to one | while it moves from aphelion to perihelion, the disturbing force is 
P of the equidistant points, there is always a disturbing force perpen-| constantly increasing.. Referring then to (47) it will be seen, that 
‘ dicular to the — vector tending ere ms dan nny wie in the on of epg the eel tnr is gradually diminish- 
one of the equidistant poin one points on the ing, an t in tter it is ly enlarging. And though 
same of the central body as the disturbing body, or the opposite, this alteration is not great (the whos variation of dimensions, pt 
d there is a disturbing force perpendicular to the radius vector tending | . greatest pea me) being less than =),, the effect on the angular 
to accelerate it. , motion (see (49) ) is very considerable; the angwar velocity 
(86.) VIII. Now, let the disturbing body be supposed interior to the becoming quicker in the former time and slower in the latter; so 
Fshit ot the revolving body (as, for instance, when Venus disturbs that while the earth moves from perihelion to aphelion, the moon's 
Sia rantion of the If 3 te in the situation 5 fig. 23, the angular motion is constantly becoming quicker, and while the earth 
r = “ moves from aphelion to perihelion the moon’s angular motion is 
constantly becoming slower. Now, if the moon’s mean motion is 
Fig. 23, oe . determined by comparing two places observed at the interval of 
a . many years, the angular motion so found is a mean between the 
f A greatest and least. Therefore, when the earth is at perihelion, the 
¢ ?Br moon’s angular motion is slower than its mean motion; and when 
} the earth is at aphelion, the moon’s angular motion is quicker than 
; Zz its mean motion. Consequently, while the earth is going from 
i By, perihelion to aphelion, the moon's true place is always behind its 
~ ne _— place (as during the first half of that period the moon’s true - 
: . atron towards stron P is dropping behind the mean place, and during the latter half 
attraction of o draws A gly B,, and 8, sly DN pee again the queniity boned had dropped behind); and 
If 5 is in the aituati " . while the earth is going from aphelion to perihelion, the moon’s 
Caran surely fom ny an rn fey towards nthe | ence alway etre te en le, "hi agai led 
listurbing f arent an ; it was vel y Tycho 
a eens 8 bene re Hema force LJ pastel athe from observation, about 1590; and its greatest value is about 
. intermediate points | With regard to the disturbing force per- SL oe the Seseg place is sometimes before and sometimes 
vector : if i than rer: the mean place. 
ans pkbe ant i. — seu lect Reda (91.) IIL. The disturbances which are periodical in every revolution of 
to find two points, B, .» Whose distance from c is oe : 
distance of A from c, and there the disturbing force | te moon, and are independent of excentricity, may thus be investi- 
to the radius vector is nothing (or the whole disturb- gated. Suppose the sun to stand still for a few revolutions of the 
force is in the direction of the radius vector). While B moves | ™00n (or rather suppose the earth to be stationary), and let us 


pe 


Fg 
3 


i 
: 


; it will be inquire in what kind of orbit, symmetrical on opposite sides, the sun 
ae tis) cel (4), that the distur Ares 3 Her : se —— can move. It cannot move in a circle : for the force perpendicular 
radius vector, retards B’s motion; while B moves from B, to B,, it to the radius vector retards the moon as it goes from B, to B,, fig. 24, 
accelerates B’s motion ; while 8” moves from B, to B, it retards B's - Be 
motion ; and while 8 moves from B, to B,, it accelerates B’s motion. . 
But if ac is less than 4 4B,, there are no such points, B, B,,as we Fig. 244 
have spoken of ; and the disturbing force perpendicular to the radius ¢ Bi Ba 
. . yeetor, accelerates B as it moves from B, to B,, and retards B as it 
| moves from B, to B,. 
We shall now proceed to apply these general principles to particular Bs 
cases, 


and its velocity is therefore less at B, than at B,, and on this account 

Sxction V.—Lunar Theory. (supposing the force directed to a at B, equal to the force directed ° 
(87.) The distingui feature in the Lunar Theory is the general | to 4 at B,), the orbit would be more curved at B, than at B,. But 
simplicity occasioned by the great distance of the disturbing body (the | _ the force directed to a at B, is much greater than at be (see (88) ); 
sun alone producing any sensible b—engeryes) De aga to Cree ap on snr eaperpte ae ee Med Msc pee an ot B, than 
. i i e disturbi at B,; whereas, , the is everywhere the same. 
Peele dutrteeens em os ~ The orbit cannot therefore be circular. Neither can it be an oval 
others in the solar system; and, on this account, as well as for the with the earth in its centre, and with its longer axis passing through 
accuracy with which they can be observed, these disturbances have,| the sun, as fig. 25; for the velocity being small at », (in consequence 


since the invention of the Theory of Gravitation, been considered the By 
best tests of the truth of the z 

Some of the disturbances are i t of the excentricity of the | Fig. 25. c MS as 
moon's orbit; others depend, in a very remarkable manner, upon the 

excentricity. We shall commence with the former. i 
(88.) The general nature of the disturbing force on the moon may 


be thus stated. (See (77) to (86).) When the moon is either at the | of the disturbing force perpendicular to the radius vector having 
point between the earth and sun, or at that opposite to the sun (both | retarded it) while the earth’s attraction is great (in consequence of 
which are called syzygies), the force is entirely in the direction the nearness of B,), and increased by the disturbing force in the 
of the radius vector, and directed from the earth. When the moon is| radius vector directed towards the earth, the curvature at B, ought 
¢ ppt bg the situations at which the radius vector is perpen-| to be much greater than at B,, where the velocity is great, the moon 
dicular to line joining the earth and sun (both which points are | far off, and the disturbing force directed from the earth. But, on 
called quadratures), the force is entirely in the direction of the radius} the contrary, the curvature at B, is much less than at B, ; therefore, 
vector, and directed to the earth. At certain intermediate pointsthere | this form of orbit is not the true one, But if the orbit be supposed 
is no disturbing force in the direction of the radius vector, Exceptat| to be oval, with its shorter axis directed towards the sun, as in 


> 
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fg. 26, all the conditions will be satisfied. For the velocity at p, is 
diminished by the disturbing force having acted perpendicularly to 
Bs 


Fig. 26, 
m 


the radius vector, while the moon from B, to B,; and though, 

the distance from 4 being , the earth's attraction at n, will be 

less than the attraction at B, ; yet, when increased by the disturbing 
force, directed to a at B,, it will be very little less than the attraction 
diminished by the disturbing force at B,. The diminution of velocity 
then at B, g considerable, and the diminution of force small, the 
curvature will be increased ; and this increase of curvature, by proper 
choice of the proportions of the oval, may be gerd such as cor- 

to the real difference of curvature in the different parts of 
the oval. Hence, such an oval may be described by the moon with- 
out alteration in successive revolutions. 

(92.) We have here supposed the earth to be stationary with respect 
to the sun. If Ag take the true case of the earth moving 
round the sun, or the sun appearing to move round the earth, we have 
only to suppose that the oval twists round after the sun, and the same 
reasoning applies. The curve described by the moon is then such as 
is represented in fig. 27. As the disturbing force, perpendicular to the 


Fig, 27, 


radius vector, acts in the same direction for a longer time than in the 
former case, the difference in the velocity at syzygies and at quadra- 
tures is greater than in the former case, and this will require the oval 
to differ from a circle, rather more than if the sun be supposed to 
stand still. 

(93.) If, now, in such an orbit as we have mentioned, the law of 
uniform description of areas by the radius vector were followed, as it 
would be if there were no force perpendicular to the radius vector, the 
angular motion of the moon near B, and B,, jig. 26, would be much 
less than that near B, and B,. But in pixar gare of the disturbing 
force, perpendicular to the radius vector (which retards the moon from 
B, to B,, and from B, to B,, and accelerates it from B, to B,, and from 


B, to B,), the motion is still less at B, and B,, and still ye 
at B, and B,, The angular motion therefore diminishes considerably 
while the moon moves from B, to B,, and increases considerably while 


it moves from B, to B,, &. The mean motion, determined 
by observation, is less than the former and greater than the latter. 
Consequently, the angular motion at B, ba stay than the mean, and 
that at B, is less than the mean; and therefore (as in (90),) from B, to 

the moon's true place is before the mean; irom B, to B, the true 
ns Ions is behind the mean; from 8, to B, the true place is before the 
mean; and from B, to B, the true place is behind the mean. This 
inequality is called the moon's variation ; it amounts to about 32’, by 
which the moon's true place is sometimes before and sometimes behind 
the mean place. It was discovered by Tycho Brahé, fyom observation 
about 1590. 

(94.) We have however mentioned, in (79), that the disturbing 
forces are not exactly equal on the side of the orbit which is next the 
sun, and on that which is farthest from the sun; the former being 
rather greater. To take account of the effects of this difference, let 
us suppose, that in the investigation just finished, we use a mean value 
of the disturbing force. Then we must, to represent the real case, 
suppose the disturbing force near conjunction to be increased, and 
that near opposition to be diminished. Observing what the nature of 
these forces is (77), (78), and (84), this amounts to supposing that near 
conjunction force to make up the difference is a force 
acting in the tadius vector, directed from the earth, and a force 

icular to the radius vector, accelerating the moon before con- 
junction, and retarding her after it, and that near opposition the forces 
are 7 of the contrary kind. Let us then lay aside the considera- 
tion of all other disturbing forces, and consider the inequality which 
these forces alone will produce, As they are very small, they will not 
in one revolution alter the orbit sensibly from an elliptic form. What 
then must be the excentricity, and what the position of the line of 
Apées that, with these disturbing forces only, same kind of orbit 
may always be described? A very little consideration of (57), (58), 
and (68), will show, that unless the line of apses through the sun, 
the excentricity will either be increasing or ishing from the 
action of these forces. We must assume therefore, as our orbit is to 
have the same omg at each revolution, that the line of apses 
ore ae ay eho) sun. But is the perigee or the apogee to be turned 
yards the sun? To answer this question we have only to observe 
that the lines of apses must progress as fast as the sun appears to pro’ 


otherwise have been, and greater at ny and n, than they would 
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(95.) The magnitude of the forces concerned about xisth 
those concerned in (91), &c. ; but the’ effect is about Ath of effect, 
This is a striking instance of the difference of proportions, 
snatos of the oeeality, eve diseased ts inereang . 
modes of action. e a 4 
ene from the crcumstane tha it enables ws to determine wth coe 

erable accuracy proportion sun's distance moon's 
distance, which none of the others will do, as it is found upon caleula- 
but the excentricities 


tion that their magnitude u 
and the proportion of the periodic times, all which are known without — 
knowing the proportion of distances. 

(96.) The effect of this, it will be is to be com- - 
bined with that already found. [See the Note to Ne The moon's 
orbit therefore is more on the side est from the sun, 


(0a), The eoable description farses i. somrosy:afteoted fy thee 
(92).  equable description of areas 

forces. Ts pods pase therefore is somewhat divisiahea 
conjunction, and is somewhat increased near opposition, 

(97.) It will easily be imagined, that if there is an apemaes in 
the moon’s orbit, the effect of the variation upon that orbit be 
almost exactly the same as if there were no excentricity.” 
sup ¢ that the orbit without the disturbing force had such 
as the dark line in fig. 28, it will, with the disturbing force, have such 


if 


a form as the dotted line in that figure, The same must be under. 
stood in many other cases of different inequalities which affect 
motion of the same body. 


* As this general proposition is of considerable importance, 
out the nature of the reasoning by which (with proper alteration for 
cases), the reader may satisfy himself of its correctness. The reason why, in 
Jig. 29, the moon cannot describe the circle 2,, ba, Bs, b,, though it touches 
at n, and 5, and the reason that it will describe ‘the By, Bg, Bg, By it, 


Fig. 20, 


‘ 


that the disturbing force makes the forces at », and z, less than 
been; and the velocity is, by that part of the force perpendicular to the 


turbed in the circle B,, 64, Hy, b,, the great curvature 
force and diminished velocity at n, would have brought 
than the point ny ; but with this large velocity at mj, it will go out further 
By, and then the great curvature may make it pass exactly through ny. 
like manner, in fig. 30, if the velocity at my were not greater than it 
have had undisturbed in the ellipse By, bg, Bg, 44, the increased curvature at By, 
produeed by the increased force and diminished velocity the: 

brought it much nearer to 4 than the point n, ; but with a large Merge 
it will go ee By eit than it would otherwise have gone 

the increased force and diminished velocity t 
it may touch thé elliptic Orbit At By; and 400m: The whole explanation, iA 


’ 
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(98.) IV. We vated prrgee with the disturbances dependent on the | velocity produced by the disturbing foree bears to the welociiy of the 
aay ee first with the motion of the moon’s perigee. In | moon; since from B, to B,, and from B, to B,, the disturbing force 
the first suppose that the is on the same side as the | is greater than that from B, to B,, and from B, to B,,and acts for a 
sun. the moon is near B,, jig. 31, that is, near perigee, the one time (as by the law of equable description of areas, the moon is 
Be longer movingsfrom B, to B, and B, than from B, to B, and B,), and 

Fig. 31. since the moon’s- velocity i in passing through 5. By, B,, is less than her 


line of apses. that is, near 
is Shidapties Sraine Palio consequently 

By Gt) th lng of nce rogene The question then now is, 
is the 


; when the moon is near B,, or the 
when it itis near 3) To answer this we will remark, that 
cee age directed from a were inv proportional 
jo abe the distance (and consequently less at B, than at B,), 
‘would amount to exactly the same as if tho attraction of a were 
pisee ins iven ;* and in that case B would describe 
, whose line of apses was invariable; or the pro- 
produced at would be equal to the ion produced 
atB,. Butin fact the force at B, is to that at B, in the same 
I AB, to aB,, by (82); and therefore the disturbing 
than that at at B,, and consequently much greater 
Ber ee ces Xe even 
at B,; and therefore the effects of the disturbing force 
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passed B,, the force retards the 
progresses. The question now is, 
the proeion produced by the force to the 
ilarvisee Sete om et ee eee Oe ee uced 
near B,? To answer this we must observe, that the rate of this 
aii aivagiber depends satixely tsponl the proportion F which the 


one case as much as in the other, depends entirely upon the difference of the 
forees in the actual case, from the forces, if the moon were not disturbed, 
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Now the curvature of any part of an 
simply, or erate Ladhetr 
curve may be described either 
the central foree una:tered and increasing the velocity in a given 
corresponding 
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velocity in passing through B,, B,, B,, it follows that the effect in passing 
through By By B,, is much greater than that in passing arog By, 
onic , the effect of this force also is to make the line 
= Ae 
(100.) On the whe ohol. therefore, when the perigee is turned towards 
the sun, the line of apses progresses rapidly: And the same reasoning 
applies in every respect when the perigee i turned from the sun, 
(101.) In the second place, suppose that the line of apses is per- 
pendicular to the line joining the earth and sun, The disturbing force 
at both apses is now directed to the earth, and consequently by (50) 
and (53), while the moon is near perigee, the disturbing force causes 
the line of apses to Progress, and while the moon is near apogee the 
disturbing force causes line of apses to regress. Here, as in the 
last article, the effects at perigee and at apogee would balance if the 
disturbing force were inversely proportional to the square of the dis- 
tance from the earth. But the disturbing force is y proportional 
to the distance from the earth; and therefore, as in (98), effect of 
the disturbing force, while the moon is at a) , preponderates over 
the other ; ae therefore the force directed to the centre causes the 
line of apses to regress. 
(102,) We must also consider the foree perpendicular to the radius 
vector. In this instance that force retards the moon while she is 
proaching to each apse, and accelerates her as she recedes from it. 
The fla ‘ect is, haga when the moon is near perigee the force causes the 
a8) ana (65), ve met apogee es causes the line of 
"e- r *(65) 6 tter is found to preponderate, 
by th po be From the effect, then, of both 


(103.) It is important to observe here, that the motion of the line 
of apses would not, as in (56), be greater if the excentricity of the orbit 
were staaller ; ugh the motion of the line of apses is greater in 
proportion to the force _ causes it when the excentricity is smaller, 


tricity): so that if the excentricity were made less, the force which 
causes the motion of the line of apses would also be made less, and the 
motion of the line of apses would be nearly the same as before. 

(104.) It a then, that when the line of apses passes through 
Ph ped die: wesc Prag force causes that line to progress; when the 
pada tgeioner yon the sun, or the sun has appeared to move 
round the earth, so far that the line of apses is perpendicular to the 
line joi the sun and the earth, the line of apses from the 
of disturbing force ; and at some intermediate position it 
may easily be imagined that the foree produces no effect on it. It 

now a matter of great interest to inquire, whether, upon the 
whole, the progression exceeds the regression. Now, the force perpen- 
dicular to the radius vector, considered in (99), is almost exactly equal 
to that considered in (102); so that the progression produced by that 
force when the line of apses passes through the sun, is almost exactly 
equal to the regression which it produces when the line of apses is 
pe to the line joining the earth and sun; and this force 
may therefore be considered as producing no effect (except indirectly, 
as will be hereafter mentioned), But the force in the direction of the 
pot gpk - from the earth in (98), is, as we have mentioned 
in (80), almost ly double of that tending to the earth in (101), 
and therefore its effect predominates; and therefore, on the whole, the 
line of apses In fact, the progress, when the line of apses 
passes oes tee cm, is about 11° in each revolution of the moon; 
the regress, when the line of apses is perpendicular to the line joining 
the earth and sun, is about 9° in each revolution of the moon, 
(105.) The progression of the line of apses of the moon is considerably 


and leaving the velocity unaltered, Consequently, in the case before us, the 
same curve will be deseribed as if, without alteration of velocity, the central 
force were diminished, while the moon passed through the portions bisected by 
the line of syzygies, If now the imaginary diminution of central force were in 
the samie proportion (that is, if the real increase of velocity were in the same 
proportion) at both syzygies, which here coincide with the apses, the regression 
of the line of apses produced at perigee would be equal to the progression 
produced at apogee. But the increase of velocity produced by the force 
perpendicular to the radius vector near apogee is much greater than that near 
perigee. First, because the force is greater in proportion to the distance, 
Second, because the time of describing a given small angle is greater in pro- 
portion to the square of the distance; so that the acceleration produced while 
the moon passes through a given angle is proportional ‘to the cube of the dis- 
tance. Third, b the velocity, which is i d by this acceleration, is 
inversely proportional to the distance; so that the ratio in which the velocity is 
Increased is proportional to the fourth power.of the distance. The effect at the 
greater distance therefore predominates over that at the smaller distance ; and 


by | therefore, on the whole, the foree perpendicular to the radius yector produces 


an effect similar to its apogeal effect; that is, it causes the line of apses to 
progress, 
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avin ten the tent chee Sees 
wing reasons ;— 


the time for which the sun acts in any one 
ms it more for the time in 
which the moon is more Ser for that in which it is moving 
quickly. Thus, suppose the moon’s angular motion when she 
is near. perigee is fourteen times the sun's angular motion ; and when 
near apogee, only ten times the sun's motion. Then she em the 
sun at the former time (as seen from the earth), with {ths of her 
whole motion, but at the latter with only ths; consequently, when 
near perigee, the time in which the moon passes through eh gto 
from the moving line of syzygies (or the time in which the 
angle between the sun and moon increases by a given quantity), 
is iiths of the time in which it would have passed through the same 
, had the sun been statio’ ; when near apogee, the number 
expressing the proportion is . The latter number is greater 
than the former ; and, therefore, the effect of the forces acting near 


apogee is increased in a greater -seakriae than that of the forces 
acting near perigee. ‘And os the effect ive motion of the line of apses 
is produced by the excess of the apogeal effect above the perigeal 
effect, a very small addition to the former will bear a considerable 

ion to the effective motion previously found ; and thus the 
effective motion will be sensibly increased. 

(107.) Secondly. When the line of apses is directed toward the sun, 
the whole effect of the force is to make it progress,—that is, to move 
in the same direction as the sun : the sun passes through about 27° 
in one revolution of the moon, and therefore departs only 16° from 
the line gh ped and therefore the apse continues a long time near 
the sun. en at right angles to the line joining the earth and sun, 
the whole effect of the force is to make it regress; and, therefore, 
moving in the direction opposite to the sun’s motion, the angle 
between the sun and the line of apses is increased by 36° in each 
revolution, and the line of apses soon escapes from this position. 
The effect of the former force is therefore increased, while that of 
the latter is diminished; and the preponderance of the former is 
much increased. It is in increasing the rapidity of progress at one 
time, and the rapidity of regress at another, that the force perpen- 
dicular to the radius vector indirectly increases the effect of the 
former in the manner just described. . a 


(108.) From the combined effect of these two causes, the actual pro- 

ion of the line of apses is nedtly double of what it would have been 

if, in different revolutions of the moon, different of its orbit had 
been ly subjected to the disturbing force of the sun. 

(109.) The line of apses, upon the whole, therefore, progresses; and 
(as calculation and o' tion agree in showing) with an angular 
velocity that makes it (on the average) describe 3° in each revolution 
of the moon, and that carries it completely round in nearly nine years. 
But as it sometimes progresses and sometimes regresses for several 
months together, its motion its extremely irregular, The general 
motion of the line of apses has been known from the earliest ages of 
astronomy. 


(110.) V. For the alteration of the excentricity of the moon's orbit : 
first, let us consider the orbit in the position in which the line of 
apses passes through the sun, fig. 31. While the moon moves from 
B, (the perigee) to B, (the apogee), the force in the direction of the 
radius vector is sometimes directed to the earth, and sometimes from 

the earth ; and, therefore, by (57) and (59), it sometimes diminishes 

the excentricity and sometimes increases it, But while the moon 
moves from B, to B,, there are exactly equal forces acting in the same 

manner at corresponding web of the half-orbit, and these, by (58), 

will produce effects exactly opposite. On the whole, therefore, the 

disturbing force in the direction of the radius vector produces no 
effect on the excentricity. The force perpendicular to the radius 
vector increases the moon's velocity when moving from B, to B,, and 
diminishes it when moving from B, to B,; in moving, therefore, 
from B, to B,, the excentricity is increased (65) ; and in moving from 

B, to B,, it is as much diminished (66). Similarly, in moving from 

B, to B,, the excentricity is diminished; and in moving from B, to 

B,, it is as much increased. This force, therefore, produces no effect 

on the excentricity. : 

On the whole, therefore, while the line of apses through 
the sun, the disturbing forces produce no effect on the excentricity 
of the moon's orbit. 


(111.) When the line of apses is icular to the line joining 
the earth and sun, the same thing is true. Though the forces near 
perigee and near apogee are not now the same as in the last case, their 
effects on different sides of perigee and apogee balance each other in 


the same way. . 

(112.) But if the line of a) is inclined to the line joining the earth 
and sun, as in fig. 32, the effects of the forces do not nce. While 
the moon is near B, and near B, the dist force in the radius 
vector is directed to the earth; at b, therefore, (58), as the moon is 
moving towards perigee, the excentricity is increased ; and at 8,, as the 
moon 4 moving from perigee, the excentricity is diminished, From 


the slowness of the motion at B, (which gives the disturbing force 
more time to produce its effects), and — of the force, the 
he ‘ 


Fig, 32. BY 


Cc. 
“ 


effect at B, will preponderate, and the combined effects at », and B, will 
diminish the excentricity. This will ang Bigger 
kind as that in (98), At B, and force in the 
directed from the earth: at B,, 

moving from , the excentricity is increased, and at B, it is dimi- _ 
nished ; but the slowness of the motion at B, and the 


typists seasick tae tricity 

at B By imi e@ excen' . On the whole, therefore, 
the force in the direction of the radius vector diminishes the excen- 

tricity. The force ular to the radius vector retards the moon - 
from B, to B,, but the part of this motion may be considered near 
perigee, and the second near , and, therefore, in the first z 
diminishes the excentricity, in the second increases it ; 
whole effect from migada hs 


(the moon 
the effect is much 


On the whole, therefore, when the line of*apses is inclined to the ‘ 
line joining the earth and sun, in such manner that the moon passes 
the line of apses before passing the line joining the earth and sun, the_ 
excentricity is diminished at every revolution of the moon. 

\# (113.) In the same manner it will appear that if the line of apses is 


Fig, 33, 


c ' 
so inclined that the moon passes the line of after passing the line 
joining the earth and-sun, the excentricity is in at every revo- 
fatine of the moon. Here the force in the radius vector is directed to 


the earth, as the moon moves from perigee and from apogee; and is 
directed from the earth as the moon moves 
which directions are just opposite to those 
sidered. rages the force pixies to the 
moon both near perigee near apogee ; 
direction in the case already considered. 
excentricity is increased at every revolution of 
(114.) In every one of these cases the effect is exactly the 
the sun be supposed on the side of the moon's orbit, opposite 
represented in the figure, 


* To the reader who is acquainted with Newton’s 3rd section, 
demonstration of this point will be sufficient: Four times the 

latus rectum is equal to the sum of the reciprocals of the apogeal and perigeal 
distances. The effect of an increase of velocity at perigee in a given 
is to alter the area described in a given time in the same proportion, and 
fore to alter the Jatus rectum in a corresponding proportion. Conseq 

increase of velocity at perigee in a given proportion alters the reciprocal of the 
apogeal distance by a given quantity, and therefore alters the apogeal distance 
by a quantity nearly proportional to the square of the distance ; and 
therefore the ratio of the alteration of distance to apogeal distance (on 
which the alteration of excentricity depends) is nearly proportional to the 
apogeal distance. Similarly, if the velocity at apogee is increased in a given 

the ratio of the alteration of perigeal distance to perigeal distance 

(on which the alteration of pends) is nearly proportional to the 
perigeal distance. ‘Thus if the velocity were increased in the same proportion” 
at perigee and at apogee, the i of icity at the former would be — 
greater than the diminution at the latter, in the proportion of apogeal distance 


, . 


tricity d 


velocity is in : 
the proportion of the cube of the distance. Third, 
less (being inversely as the distance), 
actual velocity is proportional to the fourth power of the . 

the alterations of excentricity in the case before 
at 
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(115.) Now the earth moves round the sun, and the sun therefore 
appears to move round the earth, in the order successively represented 
33. Hence; then; when the sun is in the line 


then it does not alter (111); and after this it increases till the sun 
ee cee en a sp eet , the ory 
tricity is greatest when the line of apses passes 1 sun, is 
least when the line of apses is perpendicular to the line joining the 
earth and sun. 

The amount of this alteration in the excentricity of the moon’s orbit 
is more than 3th of the mean value of the excentricity; the excentricity 
being sometimes increased by this , and sometimes as much dimi- 
nished ; so that the greatest and excentricities are nearly in the 
proportion of 6:4 or 3:2. 

(116.) The principal inequalities in the moon’s motion may therefore 


Ist. The elliptic i 


2nd. The annual equation (90), depending on the position of the 
earth in the earth’s orbit. : 


ity, or equation of the centre (31), which would 
isturbed. 


on the position of the perigee with to the sun (115). 

These inequalities were first (some papartostiy} by New- 
ton, about 1680. 

(117.) The effects of the two last are combined into one called the 


evection. This is by far the largest of the inequalities affecting the 
< i is sometimes increased 1° 15’ and 


magnitude of the variation 


and the evection. The alteration of that part mentioned in (94) 
produces a sensible effect ing on the angle made by the moon's 
radius vector with the ’s line of apses. All these, however, are | befi 


very small: yet not so small but that, for astronomical purposes, it is 
necessary to take account of thirty or forty. 

(119.) There is, however, one inequality of great historical interest, 
affecting the moon's motion, of which we may be able to give the 


eetibntee ieee We have stated in (89) that the effect of 
_— force is, upon the whole, to diminish the mooii’s gravity 


and in (90) we have mentioned that this effect is ter 
when the earth is near perihelion, than when the earth is near aphelion. 
Tt is found, w accurate investigation, that half the sum of the 
ihelion and at aphelion is greater than the effect at mean 
a small quantity depending on the excentricity of the 
earth's : and, consequently, the greater the excentricity (the 


mean distance unaltered) the is the effect of the sun's 
disturbing foree. Now, in the lapse of ages, the earth’s mean distance 
is not sensible altered by the disturbances which the planets produce 
in its motion; the excentricity of the earth’s orbit is sensibly 


but 
diminished, and has been diminishing for thousands of years. Con- 
sequently the effect of the sun in di ila: endcat” Mal Kon 
imini , and the gravity to the earth has therefore, on 
whole, been ually increasing. The size of the moon’s orbit 
has therefore, gradually, but insensibly, diminished (47): but the 
moon's place in Sow orbit has ——s altered (49), and the moon's 
angular motion has appeared to be perpetually quick i 
nomen was known to astronomers by the name of 


equally “a The rate of progress 
» Neale s apses has, from ‘ae same cause, been seakrhat 


manner in which moon revolves round the earth; and it might 
seem, therefore, that the th of the irregularities in the motion 
of to the of the irregularities in the 


moon's motion. But the fact is, that they are entirely different. The 

Fit wecall ieags 
gularity analogous to the moon’s variation, a small one similar to the 
evection, and one similar to the annual equation: but the last of 
these amounts only to about two minutes, and the other two are yery 
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much less. The corresponding inequalities in the motion of the other 
satellites are still smaller. But these satellites disturb each other’s 
motions, to an amount and in a manner of which there is no other 
example in the solar system; and (as we shall afterwards mention) 
their motions are affected in a most remarkable degree by the shape of 


Jupiter. 

(121) The theory, however, of these satellites is much simplified by 
the following circumstances :—First, the disturbances produced by the 
sun may, except for the most accurate computations, be wholly 
neglected. Secondly, that the orbits of the two inner satellites have 
no excentricity independent of perturbation. Thirdly, that a very 
remarkable relation exists (and, as we shall show, necessarily exists) 
Between the motions of the three first satellites. 

Before proceeding with the theory of the first three satellites, 
we shall consider a general proposition which applies to each of them. 

(122.) Suppose that two small satellites revolve round the same 
planet; and that the periodic time of the second is a very little 

than double the periodic time of the first ; what is the form of 
the orbit in which each can revolve, describing a curve of the same 
form at every revolution ? 

(123.) The orbits will be sensibly elliptical, as the perturbation 
produced by a small satellite in one sex arte will not sensibly alter 
the form of the orbit. The same form being supposed to be described 
each time, the major axis and the excentricity are supposed invariable, 
and the position of the line of apses only is assumed to be variable. 
The question then becomes, What is the excentricity of each orbit, 
and what the variation of the position of the line of apses, in 
order that a curve of the same kind may be described at every 
revolution ? 

(124.) In fig. 34, let B,, B,, B,, represent the orbit of the first, and 


C1 


Fig. 34, 


05, ©,, C,, the orbit of the second. Suppose that when B was at B,, 0 was 
at! 0,, 80 A, B,, C,, were in the same straight line, or that B and o 
were in conjunction at these points. If the periodic time of o were 
exactly double of the periodic time of 8, 8 would have made exactly 
two revolutions, while ¢ made exactly one; and, therefore, B and co 
would again be in conjunction at B,, and c,. But as the periodic time 
of c is a little longer double that of B, or the angular motion of o 
rather slower than is supposed, B will have come up to it (in respect 
of longitude as from A) at some line B, 0,, which it reaches 
‘ore reaching the former line of conjunction Bo,. And it is plain 
that there has been no other conjunction since that with which we 
started as the successive conjunctions can take place only when one 
satellite has gained a whole revolution on the other. The first con- 
junction then being in the line B,0,, the next will be in the line 
AB, ©,, the next ina line a B,c,, still farther from the first, &.; so 
that the line of conjunction will regress slowly ; and the more nearly 
the periodic time of one satellite is double that of the other, the more 
slowly will the line of conjunction regress. 

(125.) As the principal part of the perturbation is produced when the 
satellites are near conjunction (in consequence of the smallness of their 
distance at thattime), it is sufficiently clear that the position of the 
line of apses, as influenced by the perturbation, must depend on the 
position of the line of conjunction; and, therefore, that the motion 
of the line of apses must be the same as the motion of the line of con- 
junction. Our question now becomes this: What must be the 
excentricities of orbits, and what the positions of the perijoves, 
in order that the motions of the lines of apses, produced by the 
perturbation, may be the same as the motion of the line of con- 
junction ? 

(126,) If the line of apses of the first satellite does not coincide 
with the line of conjunction, the first satellite at the time of con- 
junction will either be moving from perijove towards apojove, or from 
apojove towards perijove. If the former, the disturbing force, which 
is directed from the central body, will, by (59), cause the excentricity 
to increase; if the latter, it will cause it to decrease. As we have 
started with the supposition, that the excentricity is to be supposed 
invariable, neither of these consequences can be allowed, and, therefore, 
the line of apses must coincide with the line of conjunction. 

(127.) If the apojove of the first satellite were in the direction of 
the points of conjunction, the disturbing force in the direction of 
the radius vector, being directed from the central body, would, by (54), 
cause the line of apses to progress. Also the force perpendicular to 
the radius vector, before the first satellite has reached conjunction (and 
when the second satellite, which moves more slowly, is nearer to the 

int of conjunction than the first), tends to accelerate the first satel- 
ite; and that which acts after the satellites have passed conjunction, 
tends to retard the first satellite; and both these, by (65) and 
(66), cause the line of apses to progress. But we have assumed, 
that the line of apses shall move in the same direction as the 
line of conjunction, that is, shall regress; therefore, the apojove 

KK 
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of the first satellite cannot be in the direction of the points of con. 
junction. 
j (128.) But if we suppose the perijove of tho first satellite to be in 
the direction of the points of conjunction, every thing becomes con- 
sistent. The disturbing force, in the direction of the radius vector, 
from the central body, will, by (51), cause the line of apses to regress, 
The force perpendicular to the radius vector, which accelerates the 
first satellite before it has reached conjunction, that is, before it has 
reached the perijove, and retards it after that time, will also, by (65) 
and (66), cause the line of apses to " Also, as in (56), this 
regression wilh be greater as the excentricity of the orbit is less, 
because the disturbing force, which acts here, does not depend on the 
excentricity. By proper choice, therefore, of a value of the excen- 
tricity, we can make an orbit, whose line of a will always regress 
exactly fast as the line of conjunction, will, therefore, always 
with it; whose excentricity, in consequence, will never alter, 
by (59) and (68); and whose general shape, therefore, will be the same 
at every successive revolution. : 

(129,) We shall mention hereafter, that the form of Jupiter is such 
as would cause the perijove of the first satellite, if it were not dis- 
turbed by the second satellite, to with a velocity not depend- 
ing upon the excentricity of the orbit. The only alteration which 
this makes in our conclusions is, that the excentricity of the orbit 
must be so chosen, that re poner of which we have spoken will 
cause & mn equal to the sum of the ion which Jupiter's 
shape would occasion, and the regression of the line of conjunction. 
As this is greater than the regression of the line of conjunction alone, 
the excentricity of the orbit must be less. So that the only effect 
of Jupiter’s shape is to diminish, in some degree, the excentricity of 
the orbit. 

(130.) Now let us inquire what must be the form and position of 
the orbit of the second satellite. As before, the principal part of the 
perturbation is near conjunction. At and near the conjunction, the 
disturbing force, in the direction of the radius vector, is directed to 
the central body. Before conjunction, when the first satellite is less 
advanced than the second, the disturbing force, perpendicular to the 
radius vector, retards the second, by (86).. For, the periodic time of 
the second being nearly double that of the first, the mean distances 
from the planet will be nearly in the proportion of 7 to 11 (as the 
proportion of the cube of 7 to the cube of 11 is nearly the same as the 

portion of the square of 1 to the square of 2, see (34) ), and, there- 
ire near conjunction, the distance of the first from the second is 
less than the distance of the first from the central body.’ After con- 
junction, the disturbing force accelerates the second body, Now, 
without going through several cases as before, which the reader 
will find no trouble in doing for himself, we shall remark, at once, 
that if the apojove of the second satellite is in the direction of 


the points of conjunction, both the disturbing force, directed to the i 


central body at apojove, and that perpendicular to the radius vector, 
retarding it before it reaches apojove, and accelerating it afterwards, 
by (53), (65), and (66), will cause the line of apses to 3 and 
that, by proper choice of excentricity, the regression of the line of 
apses may be made exactly equal to the regression of the line of 
conjunction. 

(131.) Our es a is : If two cae revolve seen 
a primary, and if the periodic time of one is very little greater 
double the periodic time of the other, and if we assume that the 
orbits described have always the same form; (that is, if they have no 
excentricity independent of perturbation); then the orbits will. not 
sensibly differ from ellipses, the lines of apses of both orbits must 
always coincide with the line of conjunctions, and the perijove of the 
first orbit, and the apojove of the second, must always be turned 
towards the points of conjunction. It appears also, that these con- 
ditions are sufficient, inasmuch as the rate of regress of the lines of 

will (with proper values for the excentricities) be the same as 
pcg of regress of the line of conjunctions, and the excentricities 
then will not change. The excentricities of the orbits will be greater 
as the regreas of the line of conjunctioms is slower, or as the pro- 
esse, of = periodic times approaches more exactly to the propor- 
tion of 1; 2, 

(182.) In the same manner it would be found, that if the periodic 
time of one satellite were very little less than doublé that of the 
other, the lines of apaes (in order that similar orbits may be traced out 
at each revolution) must always coincide with the line of conjunction, 


and the apojove of the first satellite and the perijove of the second 


must always be turned towards the points of conjunction; and 
the excentricities of the orbits must be greater, as the proportion 
* ~ periodic times approaches more exactly to the proportion of 


(188.) The same thing exactly would hold, if the pele times 
were very nearly in the ratio of 2:3, or of 3; 4, &c., but these sup- 
positions do not apply to Jupiter's satellites, 

(184.) Having thus found the distortion produced by the disturbing 
force in orbits which have no excentricity independent of perturbation, 
it will easily be cr omy that the same kind of distortion will be pro- 
duced if the orbite have an original excentricitiy, If we make in an 
elliptic orbit, the same kind of alteration which must be made ina 
circular orbit, in order to form the fignre found above, we shall have 


perturbation and of excentricity of perturbation,” , 


* The truth of this may be shown more fully in the following 
manner: Let a (fig. 35) be the place of the primary, ac the line of conjunctions 
of the first and second satellite, pox the elliptic orbit, in which the first 
satellite would move if undisturbed, p its perijove. Suppose (to simplify 


for instance, while the first satellite passes from » to m. 
the investigations from (122) to (131) is, that the first} satellite will be drawn 


Ns 


Fig, 35, 


a 


a 
hontwards front the orbit in which it would have moved, go as 


rou; and when the disturbing force ceases at u, it will proceed to describe an 
eclipse, ned d, similar to np x, but with this that the perijove is at 
d instead of p. The conclusion, however, now that it has been securely obtained 


from the reasoning above, may be stated as 
reasoning: In consequence of the disturbing 
satellite outwards, without, upon the whole, altering its 
it before conjunction, and retarding it 
curve, PG Hu, external to the ellipse rp, in which it would have 
after the disturbing force has ceased at m, the is 
path inclined externally from the old orbit) continues 
orbit till the diminution of velocity (26) allows its path 
that at e it begins to approach, and at 1 the new orbit intersects 
and after this, the path is inclined internally from the 


again, and again crosses it between d and p, In like manner, if, 
the orbit pr x have an excentricity independent of 


disturbing force, the satellite will move in a curve rom external to rR; but 
when the disturbing force ceases at m, the satellite (which is moving in a 


. 


Fig. 36, 


inclined externally from the old orbit) continues to recede from the old orbit 
till the diminution of velocity (26) allows its path to be so much curved, that 
it begins to approach at some point e; that at some point 1, nearly opposite to 
c, the new orbit intersects the old one; and that, after this, the path is inclined 
internally from the old orbit, till the increase of velocity (25) makes its path 
80 little curved that it approaches the old orbit again, and again crosses it 
between Fy and x, Thus, the alteration of the radius vector, drawn in any given 
direction, as Ax (which in the new orbit is altered to ak) is nearly the same in 
the second case as in the first, This, however, is the alteration produced in a 
single revolution of the satellite; but as the same applies to every successive 
revolution, it follows that the inequality or variation of the radius vector in the 
second case is nearly the same as in the first case; and thus tho proposition of 
the text is proved. ' 

The inequality of the radius vector would be somewhat different if the excen. 
tricity of the orbit in the second ease were considerable, partly because the 
places of conjunction would not be at equal angular distances, partly because 
the disturbing forces would be different (as the distance between the satellites 
in conjunction would not always be the same), and partly because the effect of 
a given force is really different, according to the part of the orbit at which it 
acts, But where the excentricity is so small, as in the orbit of Jupiter’s third 
satellite, or in those of the old planets, the alteration of the inequality of the 
radius vector produced by these differences is hardly sensible. 

The reasoning of this note may be applied, with the proper alterations, 


general proposition: If several disturbing forces act on a planct or satellite, 
and if we estimate the inequality in the radius vector, which each of these 
would produce, supposing the orbit to have no excentricity 
perturbation ; then the inequality really produced, supposing the orbit to have 
an independent excontricity, will be nearly the same as the sum of all the 
inequalities so estimated, —~ 

It is to be remarked, that if an orbit have an independent excentricity, and 
if the orbit receive an alteration similar to an elliptic (that is, if it 
be elongated on one side and flattened on the other), the orbit is still sensibly 
an ellipse, of which the original focus is still the foons, Thus, in the instance 
occupying the first part of this note, as the inequality impressed on the clliptic 
orbit in the second case is the same as the inequality in the first case, that is, 
is similar to an elliptic inequality, the orbit so altered will still be an ellipse, 


nearly the orbit that will be described from the combined effects of — 
independent 


figure) that the attraction of the second satellite acts only for a limited space; 
‘Then the result of 


being at any point p,), nevertheless, we may state that, in consequence of the — 


;. * 


old orbit, till the inorease 
of velocity (25) makes its path so little curved that it approaches the old orbit 
as 
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We shall now proceed with the application of these conclusions to 
‘upiter’s first three satellites. 

(135.) The periodic time of Jupiter’s first satellite is, 1 day, 18 hours, 
27 minutes, and 34 seconds; that of the second satellite is, 3 days, 
13 hours, 13 minutes, and 42 seconds; that of the third satellite is, 
7 days, 3 hours, 42 minutes, and 32 seconds. The periodic time of 


=] 


in the same time as 137 revolutions of the 
If then, at a certain time, these two satellites start from con- 
junction, they will be in conjunction near the same place at every 
of the second satellite, or at every second revolution of the 
satellite: but the line of conjunction will regress slowly ; and 
finished 275 revolutions, or one revolution 
en, ee ee mn rept will 
conjunction in same place as before, ine of con- 
ing regressed till it has again reached the same position ; 
ae prumiing tha 

ing investigation then it appears t, as 
rail ~ occa qian pom 
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extraordinary of this theory. 
We have remarked that 275 Fenlutintia of tha tee Cotallite are finished 


almost exactly the same time as 68 revolutions of the third: all these 
revolutions occupying 4864 days. Because 275 exceeds the double of 
137 by 1, we have inferred that the line of conjunctions of the first 
oo Nacenatere agg Ser page aap round in 275 revolutions of 
the first satellite, or in 4864 da’ like manner, because 137 exceeds 
the “ea 1, we infer that the line of conjunctions of the 
second third satellites regresses completel, in 137 revolu- 
tions of the second satellite SOL Gaye, Bante ov have this 
pier oe < line of conjunction of the d 


he then 
were discovered, not the smallest deviation from it (except 
depends upon the elliptic form of the orbit of the third satellite) 


this may appear, the following law is not less so. 
ayiesears ion of the second and third satellites always coincides 
ti conjunction of the first and second satellites produced 
backwards, the conjunctions of the second and third satellites always 
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effect of these laws in the perturbations of 
of the second satellite. In con- 
force of the first satellite, the orbit of the 
second satellite will be elongated towards the points of conjunction of 
ees 

consequence i 
the orbit of the second satelli 


P pager Sr conjunction of the seco 
2 of conjunction of the seco 


pode thae with which 
not depend entirel, 
uire, whether v4 


supposing the satellites put in motion at any one time, néarly in 
conformity with these laws, their mutual attraction would always tend 
to make their motions follow these laws exactly. We shall show this 
by supposing a small departure from the law, and investigating the 
— of the forces which will follow as a consequence of that 
(142.) Suppose, for instance, that the third satellite lags behind the 
place defined by this law; that is, suppose that when the second 
satellite is at the most compressed part of its ellipse, (as produced by 
the action of the first satellite,) the third satellite is behind that place. 
The conjunction then of the second and third satellites will happen 
before reaching the line of apses of the orbit of the second, as produced 
by the action of the first. Now in the following estimation of the 
forces which act on the third satellite, and of their variation depending 
on the variation binge! gx meee of the lines of conjunction, there is no 
need to consider the influence which the ellipticity of the orbit of the 
second as uced by the third, or that of the third as produced by 
the second, exerts upon the third satellite; because the flattening 
arising from the action of the third, and the elongation arising from 
the action of the second, will always be turned towards the place of 
conjunction of the second and third, and the modification of the action - 
produced by this flattening and elongation will always be the same, 
whether the lines of conjunction: coincide or not. In jig. 37, let o be 


Fig. 37. 


the perijove of the orbit of the second satellite, (as produced by the 
action of the Ist satellite alone,) p the point of the orbit of the third, 
which is in the line a c produced. If the third satellite is at p when 
the second is at 0, the force produced by the second perpendicular to 
the radius vector, retards the third before it reaches D, and accelerates 
it after it has passed p, by equal quantities. But if, as in the su 
sition which we have made, the conjunction takes place in the line 
A ©, D,, the retardation of the third satellite before conjunction is pro- 
duced by the attraction of the second satellite before it arrives at 
perijove, when it is near to the orbit of the third satellite, (and there- 
fore acts cmmeven bs and moves slowly, (dnd therefore acts for a long 

the acceleration after conjunction is produced by the 
second satellite near its perijove, when it is far from the orbit of the 
third satellite, (and therefore acts weakly,) and moves rapidly (and 
therefore acts for a short time), The retardation therefore exceeds 
the acceleration; and the consequence is, by (48), that the periodic 
time of the third satellite is shortened, and therefore its motion 
is quickened ; and therefore, at the next conjunction, it will have gone 
further forward before the second satellite can come up with it, or the 
line of conjunction will be nearer to the place of perijove of the second 
satellite, depending on the action of the first. ie the same manner, 
if we supposed the third satellite moving rather quicker than it ought 
in conformity with the law, the tendency of the forces would be to 
accelerate it, to make its periodic time longer, and thus to make its 
angular motion slower. By the same kind of reasoning it will be seen 
that there are forces acting on the first satellite, produced by the 
elliptic inequality which the third impresses on the orbit of the second, 
tending to accelerate the angular motion of the first satellite in the 
first case,and to retard it in the second. The same reasoning will 
also show that both the first and third satellites exert forces on the 
second, tending to retard its motion in the first case, and to 
accelerate it in the second. these actions tend to @ the 
law; in the first case by making the line of conjunctions of the first 
and second satellite , and that of the second and third progress, 
till they coincide ; onl ths second case, by altering them in the 
opposite way, till they coincide. 

(143.) Perhaps there is no theoretical permanence of elements on 
which we can depend with so great certainty, as on the continuance of 
this law. The greatest and most irregular perturbations of Jupiter or 
of his satellites, provided they come on gradually, will not alter the 
relation between their motions; the effect of a resisting medium will 
not alter it; though each of these causes would alter the motions of 
all the satellites ; and though similar causes would wholly destroy the 
conclusions which mathematicians have drawn as to the stability of the 
solar system, with regard to the elements of the planetary orbits. 
The physical explanation of this law was first’ given by Laplace, in 
A.D. 1784, 

(144.) We have terminated now the most remarkable part of the 
theory of these satellites. There are however some other points which 
are worth attending to, partly for their own sake, and partly as an 
introduction to the theory of the planets, , 

(145.) The orbit of the third satellite, as we have mentioned, has a 
small excentricity independent of perturbation. Consequently, when 
the conjunction with the second takes place near the independent 
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perijove of the third, the effect of the disturbance on the second is 
rather greater than at any other time; and this produces an irregu- 
larity in the excentricity of the second, and in the motion of its apses, 
depending on the distance of the line of conjunction from the indepen- 
dent perijove of the third. The departure from uniformity in the 
angular motion of the third also produces a departure from uniformity 
in the regression of the line of conjunction, and this contributes to the 
same ty, ee 

(146.) The disturbing force in the direction of {the radius vector, 
produced by an inner satellite, is sometimes directed to the central 
body and sometimes from it; but on the whole the former exceeds 
the latter (86). Now the principal part of the effect really takes place 
when the satellites are near conjunction ; consequently, when the line 
of conjunction near the independent perijove of the third 
satellite, the force by which the third satellite is urged to the planet 
is greater than at any other time; and as the line of a 
revolves, the force alternately increases and diminishes. is pro- 
duces an irregularity in the major axis, and consequently in the 
motion of the third satellite (47), depending on the distance of the line 
of conjunction from the perijove of the third. 

(147.) The disturbing force in the direction of the radius vector 

roduced by an outer satellite is sometimes directed to the central 
ly and sometimes from it; but on the whole the latter exceeds the 
former (80). For the reasons therefore, in the last article, there is in 
the motion of the second satellite an i ity depending on the 
distance of the line of conjunction from the independent perijove of 
the third, but opposite in its nature to that of the third satellite. 

(148.) Each Uf these irregularities in the motion of one of these 
satellites produces an irregularity in the motion of the others; and 
thus the whole theory becomes very complicated when we attempt to 
take the minute irregularities into account. 

(149.) The motion of the fourth satellite is not related to the others 
in the same way in which they are related among themselves. Its 
periodic time is to the periodic time of the third nearly in the propor- 
tion of 7:3. Some of the irregularities then which it experiences and 
which it occasions are nearly similar to those in the motions of the 
planets. These however are small: the most important are those 
depending on the changes in the elements which require many 
revolutions of the satellites to go their various states, but 
which nevertheless have been observed since the satellites were dis- 
covered. We shall proceed with these. 

(150.) First, let us suppose that the third satellite has no excen- 
tricity independent of urbation, and that the fourth satellite has a 
sensible excentricity, its line of apses progressing very slowly, in 
consequence principally of the shape of Jupiter (so slowly as not to 
have gone completely round in eleven thousand revolutions of the 
satellite). When each of the satellites has revolved a few hundred 
times round Jupiter, their conjunctions will have taken place almost 
indifferently in every oa of their orbits. If the orbit of the fourth 
as well as that of the third had no independent ellipticity, there would 
be no remarkable change of shape produced by perturbation, as the 
action of one satellite upon the other would be the same when in con- 
junction in all the different parts of the orbit. But the orbit of the 
fourth being excentric, the action of each satellite on the other is 
greatest when the conjunction happens near the perijove of the fourth 
satellite. We may consider then that the Lah grmvcarinve Tare takes 
place at this of the orbits; and we have to inquire what form the 
orbit of the third satellite must have, to preserve the same excentrici! 
2 every oe It must be a here gd the effect of 

upiter’s shape is to cause a more rapid progress of the line of a 
of the third satellite, if its orbit be excentric, than of the line of ioe 
of the Coma . 

(151.) Considering then that the mderating force on the third 
satellite in the direction of the A ga ig directed from the 
central body towards the perijove of the fourth, and that the prepon- 
derating force perpendicular to the radius vector accelerates it as it 
approaches that part, and retards it afterwards, it is plain from (51), 
(65), and (86), that if the perijove of the third satellite were in that 
position, the forces would cause the line of apses to 3 and this 
py shee if the excentricity of the third be s , may be con- 

iderable (though the preponderance of force which causes it is 
extremely , and may overcome so much of the progression 
caused by Jupiter's shape, as to make the real motion of the line of 
oy as nearly equal as we please to the motion of the line of apses of 
¢ fourth. But the motion of the line of apses of the fourth will 


itself be affected (though very little) by the greater action of the third | the 


satellite on it at the same place; and the part in the radius vector 
being directed at its perijove to the central body, and the 
endicular to the radius vector it before-it reaches the 
perijove, and accelerating it afterwards, cause a small increase of 
progression of its apse. The state of things will be permanent, so far 
as depends on these forces, when the increased progression of the apse 
of the fourth satellite is equal to the diminished progression of the 
apse of the third; and thus the progression of the apse of the fourth 
will be somewhat increased, and the third satellite’s orbit will have a 
compression corresponding in direction to the jove of the fourth, 
and an tion in the same direction as the apojove of the fourth. 
This would be the case if the third satellite no excentricity 


an dent excentricity. 

(152.) Now let us suppose the fourth satellite 
tricity independent of perturbation, and the third 
independent excentricity. lp poem action will now 
apojove of the third satellite, this will (though in 
cause the line of apses of the third satellite to ; that is, 
increase the rapidity of progression which Juplter! shape gives it. 
now we wish to discover the form of orbit of the fourth satellite whi: 
will at every revolution preserve the same excen' , and have 
line of apses always corresponding with that of the 
therefore progressing more rapidly than the shape of Jupiter ¢ 
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would make it progress, we must evidently su: the perijove of the 
fourth satellite turned towards the vee the third, and, by sup- — 
posing the excentricity small enough, the progression may be made ag 
rapid as we please, Thus the effect of excentricity in the orbit of the 
third satellite is, that its line of apses is made to more 
rapidly, and that the orbit of the fourth satellite is comp on the — 
side next the apojove of the third satellite, and on the oppo- 


ite side. We have supposed for this investigation that the fourth 
satellite had no excentricity independent of perturbation, but the con- 
clusion as to the distortion of the orbit may be applied if we suppose 
it to have independent excentricity. , 
(153.) In fact, the orbits of both the third and fourth satellites 


have independent excentricities, and both our conclusions apply to — 


them. The fourth satellite, besides its independent excentricity, has 
an excentricity impressed upon it, opposite in kind to that of the 
third; and the third satellite, besides its independent excentricity, 
has an excentricity impressed apenaee the same kind as that of the 
fourth. In the same manner, orbits of the first and second satel- 
lites have small excentricities impressed on them, similar in their kind 
to those of the third and fourth. : 
(154.) It will readily be conceived that the excentricities of the orbit 
of the third satellite will affect the great cae ge 2 (137) which it 
uces in the motion of the second ; and on the that the 


are small, ; 
155.) We have now over the principal inequalities of the 
eva satellites, They are so much connected, and (as — 

ity wey 


motions of Jupiter’s 
we may say) so completely entangled, that tho: 
plained in the way in which we have considered 
be possible to calculate them in that way. A mathematical of 
the most abstruse kind, which will at the same time em the 
motions of all, is alone competent to this object. We shall however 
have attained our end if we have given the reader a general idea of 
the explanation of disturbances in 
system that has ever been reduced to calculation. - 


Section VII.—Theory of Planets. 


156.) The th of the planets may be considered as holding a 
middle Rk anes that of our moon and that of Jupiter's satellites. 
In our moon, the principal inequalities are those that exhibit them- 
selves in nearly the same order at every revolution, or, at longest, in 
the earth’s revolution round the sun, dep ent upon the 
relative position of the moon, the sun, and the lines o 


by changes 

the planets, and m 
nearly analogous 
lites of Jupiter than to any other that we have seen; differing frox 
them however in this respect, that for most of them inde; it 
excentricities are quite essential. he 

(157.) There are, however, some terms very nearly similar to those 
mentioned in the theory of the moon. Suppose, for instance, we con- 
sider the perturbations of Mercury by Jupiter (whose distance from 
sun is more than thirteen Sines os prent), 72 ees 


effect of forces — — those mentioned in om 4 here pre 
nderates greatly: his line of apses progresses a at every revo- 
ution, when Jupiter is nearly in that Tine and regreases a little when 


Jupiter is in the line perpendicular to it: his orbit is a little more 
excentric in the former case, and a little less so in the latter ; and his 


orbit is a little larger when Jupiter is at on than when at 
aphelion. The same thing very ag the disturbances of 


enus, the Earth, and Mars, by Jup’ 
(158.) Cte oe ng. womssggn Bal an extreme one. When 


e most curious and complicated 
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we consider the ions of two which are nearer to each | ¢, that of Saturn, Jupiter will have gone quite round, and also as far 
other, we are iged to alter our usions i ly. The dis- | in the next revolution as B,, while Saturn has described part of a revo- 


which, in (91), we determined the form of the moon’s orbit, laying 
aside the consideration of independent <a will, to a certain 
flatten 


generally most so on the latter; and will be made protuberant at the 
where the di 


in (122), &c., for the satellites of a mp And though the periodic 
time of Mars is not very nearly double that of the Earth, so that the 
distortions produced in the orbits of the Earth and Mars are not very 
striking; still they are the greatest (of those depending only on the 


(160.) It seems quite hopeless to attempt to give a notion of the 

calculations by which, 
of the excentricities can be computed. It is sufficient to state, 
are much more 


an idea may be 


of the planets’ orbits. The idea 
reader is this, “If the distur- 
ndent 
t the 


and 
direction for a short time only (as for a fraction of the periodic time of 
a planet) do not produce any sensible effect. ar Rcanabagioa some 
i revolutions ; 


uous 

(162.) In this consideration is contained the whole general theory of 
those inequalities known by the name of inequalities of long period. 
eee ear came epencing 20 the, cxvenieichsien (oni, Shoes 

to the moon’s evection) which ever become important. 
ae) To enter more minutely into the explanation, let us take the 
of the long voor capo Jupiter and Saturn; the most re- 
for its for the length of time in which the 
forces act in the same manner, as well as for the difficulty which it had 


given to astronomers before it was ined by , that has been 
noticed since the first explanation of the Moon's i ities, 
(164.) The periodic times 


of Jupiter and Saturn are very nearly in 
periodic times being 4332 days, 17 hours, 
they will describe in the same time, omitting all notice of their excen- 
tricities, will be i ‘ 
that they were exactly in the proportion of 2 to 5; 
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It will, therefore, again be in conjunction 

eer or op onal 240 degrees, that is, 

Saturn has described in all 480 degrees, or has once round 
lescribed 120 degrees more, Jupiter will have described 1200 
three times round and described 120 degrees 
ll again be in conjunction with Saturn. en 
described 240 degrees, that is, when it has gone 
round, Jupiter will have gone exactly five times round, 
again be in conjunction. that, if the periodic times 
exactly in the proportion of 2 to 5, there would be a continual 
succession of conjunctions at the points whose longitudes exceeded the 
ageae of place of conjunction by 240°, 120°, 0°, 240° 
, 0°, ke, Thus, in fig. 8, if B, is the place of Jupiter at first, and 
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lution only to c, : then Jupiter will again have gone quite round, and 
also as far in the next revolution as B,, while Saturn has described part 
of a revolution to c,: then Jupiter will have performed a whole revo- 
lution, and part of another to B,, while Saturn has performed part of a 
revolution to c,: and then the same order of conjunctions will go on 
again. If, then, the periodic times were exactly in the proportion of 
2 to 5, the conjunctions would continually take place in the same three 
points of the orbits. This conclusion will not be altered by supposing 
the orbits excentric: for though the places of conjunction may then 
be somewhat altered, the conjunctions, after the third (when Saturn 
has gone round exactly twice, and Jupiter exactly five times), will go 
on in the same order, and happen at the same places as before. 

(165.) But the periodic times are not exactly in the proportion 
of 2 to 5, but much more nearly in the proportion of 29:72. This 
alters the distance of the places of conjunction. We must now 
suppose Saturn to move through 242°°79, and Jupiter (by the 
proportion just mentioned) will then have moved through 60279, 
or through a whole circumference and 242°79, and they will be in 
conjunction again. The next conjunction will take place when Saturn 
has moved through double this angle, or 485°°58, or when Saturn has 
performed a whole revolution, and 125°-58 of the next revolution ; and 
the following conjunction will take place when Saturn has moved 


728°37, or when Saturn has gone twice round, and has 
deseri 8°37 more. Now, then, the same order of conjunctions will 
not go on again at the same places as before, but the next three after 


this will be shifted 8°-37 before the former places, the three following 
the last-mentioned three will be again shifted 8°37,and soon. The 
places of successive conjunction, in fig. 38, will be at B, 0,, b, Cy, 
by Oxy by Cys Dy Cas Og Co, KC. The shifting of the places of conjunction 
will take place in nearly the same manner, whether the orbits are 
excentric or not. : 

(166.) From this the following points are evident :— 

First. In consequence of the periodic times being nearly in the pro- 
portion of 2 to 5, or! successive conjunctions happen near to three 
equidistant points on the orbits. 

Secondly. In consequence of the pro ion being not exactly that 
of 2:5, but one of rather less inequality, the points of conjunction 
shift forward, so that each successive set of conjunctions is at points 
of the orbits more advanced, by 8°37, than the preceding one. 

(167.) Let us now inquire how long it will be before the conjunc- 
tions happen at the same parts of the orbits as at first. 

This will be when the series of points 5,, b,, b,., &c., extends to B,. 
For then the series ,, b,, b,,, &c., will extend to B,, and the series b,, 
by, bg, &e., will extend to B,, ~The time necessary for this will be 
gathered from the consideration, that in three conjunctions the points 
are shifted 8°37: and that the points must shift 120° from B,, before 
they reach B, : and that we may, therefore, use the proportion, As 8°37 
is to 8, so is 120° to 43 nearly, the number of conjunctions that must 
have passed before the points of conjunction are again the same. And 
as Saturn advances 242°°79 between any conjunction and the next, he 
will, at the forty-third conjunction from the first, have described 
10440°, or 29 circumferences ; and Jupiter, therefore (by the propor- 
tion of their periodic times), will have described 72 circumferences. 
The time, then, in which the conjunctions return to the same points 
is twenty-nine times Saturn’s periodic time, or seventy-two times 
Jupiter’s periodic time, or about 855 years.* 

(168.) Now let us examine into the effects of this slow motion of 
the points of conjunction upon the forces which one body exerts to 
disturb the other. 

(169.) If the orbits had no independent excentricity, it would affect 
them no further than by the periodical distortion which would take 
place at every conjunction. There would be nothing in one set of 
conjunctions, more than in another, which could affect the dimensions 
of the orbits. 

(170.) But if the orbits are not circular, this is no longer true. It 
is not the same thing whether the conjunctions take place at B, 0,, 
B, O,, and B,0,, fig. 39, or at b,¢,,b,¢,, and b,¢,. The distances of 
the planets are not the same, and consequently the forces which they 
exert on each other are not the same; also their velocities are different 
in different parts of their orbits, or at different points of conjunction, 
and therefore the times during which they can act on each other are 


© ‘These numbers are not quite exact ; the proportion of 29 ; 72 not being quite 
accurate. 
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not the same. It is true that, in the figure, the distance at 


¢, is less 
than at »,c,, while that at b,c, is greater than at B,0,; and 


b 
thus there 


’ 
Fig. 39, 


is a partial compensation in the changes of the effects produced in 
different points of the orbit. But it can be discovered only by very 
complete calculations, whether the compensation is perfect or not. 
The calculations necessary for this purpose are probably the most 
complicated that physical science has ever given occasion for ; and the 
reader must not here expect the smallest account of them. This only 
can be stated as a result, that in no instance in the planetary system 
is the compensation perfect, and that the chances for its being perfect 
in any case are infinitely small. 

(171.) We have here considered the i fe influence of one body 
on the other at conjunction, as depending entirely on the excentricities 
of the two orbits. But there is another circumstance which may also 
cause the influence to The orbits may be inclined, and this will 
affect both the distance of the bodies .and the direction in which they 
attract each other. 

(172.) In the case, then, of Jupiter and Saturn, we have the two 
planets acting on each other with forces which are nearly the same at 
every third conjunction, but are not exactly the same, and whose 
variations occupy a period of 850 years. Of these forces, parts are in 
the direction of the radius vector, and these tend directly to affect the 
major axes of the orbits described: other parts are perpendicular to the 
radius vector, sometimes accelerating ‘and sometimes retarding ; and 
these tend (though in opposite ways) to affect the major axes of the 
orbits. There are, therefore, forces tending to alter the major axes of 
the orbits, which go through all their changes only in 850 years. 
During half of this time they tend to make the major axis of Jupiter’s 
orbit less, and that of Saturn's orbit greater; and during the other 
half they tend to make the major axis of Jupiter's orbit greater, and 
that of Saturn’s orbit less. This coincidence, in time, of/the increase 
of one major axis with the decrease of the other, is the result of 
investigations that we cannot explain here. 

@ (173,) After the partial compensation that we have mentioned, it 
will readily be understood that the varying force which produces these 
effects is small : 0 small, indeed, is it, that after acting more than 400 
years, it has increased (or diminished) the major axis of Saturn’s orbit 
only by ydoth part, and diminished (or increased) that of Jupiter's orbit 
pn by sdoth part. These alterations would hardly be discoverable 
with our best instruments. But during 400 years the major axis of 
each orbit differs from the major axis during the next 400 years by a 

of these quantities. The planct’s rate of annual an motion 
is, for 400 years, constantly less than its average rate ; and for the next 
400 years it is constantly than its average rate; and in this 
length of time the inequality in longitude may (49) grow up into a 
most formidable quantity, In fact, the inequality thus produced in 
Saturn’s longitude amounts to about 48’, by which its true place is 
sometimes before and sometimes behind its mean place: that in 
Jupiter's longitude amounts to about 21’, (The greatest inequality of 
any other planet does not exceed 3’, and the greatest of the planets 
inferior to Jupiter does not exceed 25".) The theoretical explanation 
of these inequalities was first given by Laplace in 1785. 

(174.) The magnitude of these inequalities in the motions of Jupiter 
and Saturn, as we have seen, de; principally on the length of time 
during which the forces act in the same manner ; first, because in this 
long time they can produce a sensible alteration in the major axis and 
annual angular motion; secondly, because the two planets move for so 
long a time with this altered motion, But it must also be 
borne in mind that these two planets are by far the largest in the 
tem; the mass of Jupiter being 300 times that of the earth, and the 
mass of Saturn being 100 times that of the earth (the next of the 


planeta in the order of magnitude, except Uranus), 
(175.) The same by which we have shown that 
there is a periodical inequality of the major axis of either of these 


orbits, will also show that there is a periodical inequality in the excen- 
tricity and in the place of the perihelion. It will also appear, in the 
same way, that these effects are the remainder, after partial compen- 
sation of effects in different parts of the orbit, Thus if one conjunction 
happen when Jupiter is going towards aphelion, the effect of Saturn's 
disturbing force ia to pull Jupiter from the sun; and, therefore, by 
(59), to increase the excentricity of Jupiter's orbit, But it is then per- 
ectly certain that either the next conjunction, or the next but one, or 
perhaps both these, will happen at a part where Jupiter is goi 
towards perihelion; and then, by (59), the excentricity of Jupiter's 
orbit is i Similar reasoning applies to the excentricity of 
Saturn's orbit. It becomes, then, a matter of calculation, whether the 


compensation is perfect or not, Now it appears, upon investigation, 
that the compensation is not perfect, but that, while the points of con- 


junction shift through 120°, the effect of the uncompensated part i, , 
e , iT 


for half the time, to increase the excentricity, and for 
diminish it, It appears, also, that there is no necessary connection 
between the time at which the excentricity is or least, and 
that when the major axis is greatest or least; so 
that when the major axis is greatest the excentricity is greatest, or the 
contrary, or that the excentricity of one is greatest that of the 
other is greatest : all that we can assert is, that the excentricity of each 
orbit occupies the same time in going through its from 
to least, as the major axis occupies in going through its change from 
greatest to least. The effect on the planet's distance from the sun, pro- 
duced by the change of excentricity, is much more considerable 
that from the c in the major axis; being for Jupiter ,,.\, of 
whole distance, and for Saturn 4}; of his whole distance. , 

(176.) Similar remarks apply, in every respect, to the motion of the 
perihelion of each orbit. is eal to progress 
and to regress during 425 years; but there is no 
between the time when one has p furthest and the time when 
‘the other has furthest. There is, however, a 
relation between the change of excentricity and the motion of the or 
helion of each orbit: the excentricity of either orbit has its mean 
value when the perihelion of that orbit has progressed furthest or 
regressed furthest ; and when the excentricity is either greatest or 
least, the Sap is at its mean place. : 

(177.) We have taken the long inequality of Jupiter and Saturn as 
the most imposing by its magnitude, and the most celebrated for its 
history (as, before it was explained theoretically, astronomers were 
completely bewildered by the strange 
these planets), But there are several others wi 
as curious. Eight times the periodic time of 
nearly equal to thirteen times the periodic time of Venus; and 
produces, in the motions of the earth and Venus, a small ineq ‘a 
which goes thro’ all its changes in 239 years. Four times the 
aig ey ereury is nearly eid to the periodic i ap poe 

» an produces an in whose is nearly 7 years. 

The periodic time of Mars is sealy dente of R pets and this 
duces a considerable inequality, depending on the excentricities, &c., 
besides that mentioned in (159), which was independent of the excen- 
tricities. Twice the periodic time of Venus is nearly equal to five 
times that of Mercury; three times the 
nearly equal to that of Mars; three times the periodic time of Saturn 
does not much differ from that of Uranus. h of these approxi- 
mations to equality gives rise to an equation of sensible magnitude, and 
of long period, in the motion of both planets. 

(178.) But it will easily be seen that the defect of compensation, on 


a 


theory, 4 


during 425 years 
cone ee 


in the motion of 


periodic time of Venus is — 
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which the effects depend, is much greater in some cases than in others. 


The conjunctions of the earth and Mars take place at only one Lape | 
and the points near it, for several revolutions; those of Venus and 
Mars take place only at two opposite points and their neighbourhood | 
(as each successive conjunction takes 
half a revolution, and Venus 1} revolution); those of Jupiter aud 
Saturn, as we have seen, at three points; those of Venus and the earth 
at five points. It is evident that, in the first of these, the whole effect 
of the change of one point of conjunction has its influence in altering 
the orbit’s dimensions ; that in the second there is only the difference 
between two effects; that in the third there is the of three, 
which tend to balance; that in the next there is the mixture of five in 
the same way. The smaller, then, is this number of — the more 
favourable are the circumstances (supposing the same length of pane 
for the inequality) for producing a large inequality. This number of 
— is always the same as the difference between the two least num- 
, expressing nearly the proportion of the periodic times. Thus we 
may expect to find a inequality when the periodic times of two 
planets are very nearly in the same proportion as two numbers, whose 
ce is 
(179.) We shall now proceed to mention the seewar variations of the 
elements of the orbits of planets. By this term is meant those varia- 


tions which do not depend upon the Vege of the planets in their 
* ‘ 


orbits, or the places of conjunction, merely upon their 
distances and excentricities, and the itions of their lines of apses. 
They are, therefore, the variations which depend upon the mean or 


thar action of one planet upon another in the long run: all the 
sensible departures from the secular variation, produced by the ys 
larity of the action of one planet upon another, being supposed to 


contained in the inequalities already discussed. 

(180.) First, then, with regard to the mean distance of a plan 
we consider an exterior planet disturbing an interior one (as 
disturbing Jupiter), the disturbing force in the direction of the radius 
vector, by (77), &c., tends sometimes to draw it from the sun, some- 
times rafind it towards the sun; but pon wa <i eater, and 
we may therefore consider the force as, upon whole, dimini 
the sun's attraction. This, by (46), alters the relation between the 
periodic time and the mean distance, 80 that the mean distance is less 
than it would have been with the same periodic time, had there been 
no disturbance. If we consider an interior. et disturbing an exte- 
rior one (as Jupiter disturbing Saturn), the disturbing force to 


when Mars has described 


——————— 
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_ of apses, and the proportion of the excentricities, 
same. As 


_ operating 
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draw it to the sun is greatest; and here the mean distance is greater 
than it would have been with the same periodic time, had there been 
no disturbance. But so long as these general effects in the force 
directed to the sun continue unaltered, the mean distances will not 
alter (46), &e. Now, upon taking a very long period (as several thou- 
sand years), it is easy to see that, if we divide that period into two or 
three parts, the two planets have in each of those two parts been in 

junction indifferently in all parts of their orbits; that they have 

every possible relative position.in every part ; and that (if we make 
the periods long enough) the force which one planet has sustained in 

one point will be accurately the mean of all which it would sus- 
tain, if we estimated all those that it could suffer from supposing the 
other planet to go with its usual motion through the whole of its orbit. 
As this mean will be the same for each of the periods, there will, in the 
long run, be no alteration of the force in the direction of the radius 
vector, and we may assert at once that the mean distance cannot be 
altered by it. 

181.) But with regard to the disturbing force acting perpendicu- 
larly to the radius vector, the circumstances are different. The mere 
existence of such a force, without variation, causes an alteration in the 
mean distance (48) ; and it is necessary to show that the nature and 
variations of the force are such that, in the long run, the velocity of 


- the disturbed planet is not affected by it. For this purpose, instead of 


considering merely the disturbing force dicular to the radius 
yector, we will consider separately the whole force which the disturbing 
planet exerts on the sun, and the whole force which it exerts on the 
disturbed planet. Now, the force which it exerts on the sun tends to 
pull the sun sometimes in one direction and sometimes in another, but 
on the whole produces no ene displacement : this force, then, 
may at once be neglected. The force which one planet has exerted on 
the other has when, for any arbitrary position of the disturbing 
planet, the disturbed planet has been at every point of its orbit. Since 
the whole acceleration uced in a long time is the sum of all the 
accelerations diminished by the sum of all the retardations, we may 
divide them into groups as we please, and sum each group. Let us, 
then, group together all the accelerations and retardations produced in 
one position of the disturbing planet. ~The disturbed planet having 
been in every small part of its orbit, during a time proportional to the 
time which it would occupy in passing through that small part in any 
one revolution, the various accelerations and retardations will bear the 
same proportion as if the disturbed planet had made one complete 
revolution, and the disturbing planet had been fixed. Now, it is a 
well-known theorem of mechanics, that when a body moves through 
any curve, acted on by the attractions of any fixed bodies, its velocity, 
when it reaches the point from which it started, is precisely the same 
as when it started; the accelerations and retardations having exactly 
balanced. uently, in the case before us, if the disturbing planet 
had been fixed, and the disturbed planet had made one complete revo- 
lution, the latter would, on the whole, have been neither accelerated 
nor retarded; and, therefore, in the long run, all the accelerations and 
retardations of the disturbed planet, produced in any arbitrary position 
‘of the disturbing planet, will exactly balance. The same may be shown 
for every position of the disturbing planet; and thus, on the whole, 
there is no alteration of velocity. Since, then, in the long run, the 
planet’s velocity is not altered, and since (180) the force directed to 
the sun is not altered, the planet’s mean dist will not be altered. 
‘This reasoning does not prevent the increase or diminution of the velo- 
city at particular parts of the orbit, and therefore the excentricity and 
the line of apses may vary; but it shows that, if there is an increase at 
one part, there is a diminution that balances it at another; and at the 
point where the orbit at the beginning of a long time and the orbit at 
the end of that time intersect (which will be at mean distance nearly) 
the velocity will not be altered. 

. Our demonstration supposes that the portions of the curves described 
in different revolutions, for the same position of the disturbing planet, 
are parts of one orbit, and therefore does not take account of the 
alteration in the itude of the disturbing force produced by the 
alteration of place which that foree has previously caused. This has 
—— into proount, a a eee — by several mathematicians; 
appears, as far as t! we gone, ti is produces no alteration 

in the conclusion. vd nig ” 
(182.) setige re to the place of perihelion, or the position of the 
tmotion of this will depend essentially on the excen- 
tricity of the orbit of the disturbing planet. Suppose, for instance, that 
the orbit of Venus was elliptical and the earth’s orbit circular ; as the 
distance of these planets in conjunction is Jittle more than one-fourth of 


_ the earth’s distance from the sun, the ellipticity of the orbit of Venus 


would bring that planet at aphelion so much nearer to the earth’s orbit, 
that by far the greatest effect would take place when in conjunction 
there; and this, by (54), would make Venus’ line of apses progress. 
But if the earth's orbit were more elliptic than that of Venus and if 
the earth's perihelion were on the same side of the sun as the perihelion 
of V it might happen that the principal action would take place 
at on, and then, by (51), the line of ay would 88. These 
effects would continue to go on, while the relative position of the lines 
remained nearly the 

,in wet | run, conjunctions would happen everyw the 
would be similar to the greatest effect; and thus 


the secular motion of the line of apses will be constant (till the positions 
of the lines of apses, &c., shall have changed considerably) ; its - 
tude and direction will depend on the excentricities of both orbits; but 
if the disturbed planet is the interior, and if the orbit of the other be 
not excentric, the line of apses will progress. The same is true if the - 
disturbed planet is exterior (the greatest action being then at the peri- 
oer . the interior orbit have no excentricity, and being directed to 

e sun). 

(183.) Thirdly, as to the excentricity. If the orbit of the disturbing 
planet were circular, the effect on the excentricity produced by con- 
junction at the place where the orbits are nearest, would be of one 
kind before conjunction, and of the opposite kind after conjunction, 
from the disturbing force in the radius vector; and thus the excen- 
tricity would not be altered. The same would happen if both orbits 
were excentric, provided their lines of apses coincided, Thus it appears 
that there is no variation of excentricity, except the orbit of the dis- 
turbing Lg is excentric, and its line of apses do not coincide with 
that of disturbed planet. When these conditions hold (as they do 
in every planetary orbit), a general idea of the effect may be obtained 
by finding where the orbits approach nearest; then, if we consider the 
disturbance of the interior planet, since the force draws it from the 
sun, the excentricity will be increased if it is moving from perihelion, 
or diminished if it is moving towards perihelion. For the exterior 
planet, as the force draws it towards the sun, the conclusion will be 
of the opposite kind. These effects are constant, till the excentricities 
and the positions of the lines of apses have changed sensibly. The 
place where the force at conjunction produces the greatest effect on 
the excentricity may not be strictly the place where the orbits are 
nearest, but probably will not be far removed from that place. 

At the place where the orbits approach nearest, both planets in 
general are moving from perihelion, or both towards perihelion, so that 
when one excentricity is increased, the other is diminished. 

(184.) For the general stability of the planetary system, the posi- 
tions of the lines of apses are not important, but the permanency of 
the major axes and the excentricities are of the greatest importance, 
The conclusion which we have mentioned as to the absence of secular 
variation of the major axis, from the action of one planet, applies also 
to the disturbances produced by any number of planets, and thus we 
can assert that the major axes of the orbits of the planets are not 
subject to any variation, The excentricities are subject to 
secular variation, but even this corrects itself in a very long time: 
whert the investigation is fully pursued, it is found that each of the 
excentricities is expressed by a number of periodic terms, the period 
of each being many thousands of years. Thus the major axis of the 
earth’s orbit, notwithstanding its small and frequent variations, has 
not sensibly altered in many thousands of years, and will not sensibly 
alter; the excentricity, besides suffering many small variations, has 
steadily diminished for many thousands of years, and will diminish for 
thousands of years longer, after which it will again increase. 

(185.) A remarkable relation exists between the variation of the 
excentricities (of which that mentioned in (183) is a simple instance), 
the result of which, as to the state of the excentricities at any time, is 
given thus: The sum of the products of the square of each excentricity 
by the mass of the planet, and by the square root of the major axis, is 
always the same, 


Srotron VIIL.—Perturbation of Inclination and Place of Node. 


(186.) We have hitherto proceeded as if the sun, the moon, and all 
the planets, revolved in the same plane—as if, for instance, the sun 
were fixed in the centre of a table, and all the planets, with their 
satellites, revolved on the surface of the table. But this supposition 
is not true. If we suppose the earth to revolve on the surface of the 
table, the moon will, in half her revolution (we mean while she 
describes 180°, not necessarily in half her periodic time), rise above 
the table, and in the other half she will go below it, crossing the 
surface at two points which, as seen from the earth, are exactly 
opposite, Venus will, in half her revolution, rise above the table, and 
in half will sink below it, crossing the table at two points which, as 
seen from the sun, are exactly opposite; each of the other planets and 
satellites in like manner crosses the plane at points which, as seen 
from the central body, are exactly opposite, In different investigations 
it is m to consider the inclination of the plane of revolution or 
the plane of the orbit to different planes of reference: the line in 
which the plane of revolution crosses the plane of reference is called 
the line of nodes on that plane; and the angle which the plane of 
revolution makes with the plane of reference is called the inclination 
to that plane. 'The plane of reference must always be supposed to pass 
through the central body. 

(187.) The inclinations of all the orbits, except those of the small 
planets, are so trifling (the largest—namely, that of the moon’s orbit 
to the earth’s orbit—being, at its mean state, only 5°) that they may 
in general be wholly neglected in estimating the disturbance which 
one planet uces in the motion of another in its own plane, In 
some cases, however, as in the inequalities of long period, where the 
effective force is only the small part which remains after a com- 
pensation more or less perfect, no alteration of the forces must be 
neglected; and here, as we haye hinted in (171), the inclinations 
must be taken into account, 
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(188,) But onthe alteration which the inclination produces in 
the forces that to disturb the body's motion é# its plane may, in 


above the plane, or 
every case this force will 
motion in the plane, yet 
which the inclination 
section to show the nature of the alteration 
tending to pull the body from the plane. 
then, as effect of a force generally which acts 
the plane of revolution. (We shall confine our- 
to forces which act perpendicularly to the plane, 
because it is evident that forces which act in, or el to, the plane 
of the orbit, whether in the radius vector or icularly to it, will 
not cause the planet to depart from that plane.) Let jig. 40 be a 
nee aply representation of an orbit, and a plane of reference. 
uuppose M.A N to be the line of nodes at which ae the orbit 
NB, B, crosses the plane of reference DE; the cen body a being in 


the line of nodes, and the of the orbit marked by a dark line 
being above the plane, and that marked by a dotted line being below 
it. Suppose that the planet has moved from Nn to B,, and that at B,, 
before it reached the point highest above the plane pk, a force pulls it 
down towards the plane. After a short time, instead of going to B,, 
where it would have been if no force had disturbed it, it will be found 
at b,, having described B, },, instead of B, B,. It is plain that the orbit 
in which the planet must ave moved without a disturbing force, in 
order to describe B,}, now, could not be xB,, but must such a 
curve a8 nB,, crossing the plane D®# at a point in the situation of the 
point x. Therefore, if no more disturbing force acts, the planet, 
which has described B,}, as if it came without disturbance from n, 
will go on to describe an orbit as if it had come without disturbance 
from n, and will therefore describe an orbit nB,b,m, crossing the 
plane EF in the points x and m. The line of nodes is changed from 
MAN to man. 

(190.) Here the line of nodes has twisted in a direction opposite to 
the planet's motion, or has regressed. The inclination of the new 
plane is evidently less than that of the old one, since it passes through 
the same point B, and cuts the plane of reference in a line more distant 
from 8 than the line in which the old one cut it, or the inclination is 
diminished. 

(191.) Now, if we conceive that at B, (fig. 41), after the planet has 
passed the point highest above the plane, a force tends to pull it 
towards the plane, the planet, instead of going to B,, will go to 6,, and 


Bs 


Fig. 41. 
instead of ing the plane DE at M, will cross it at m ; and then, if 
it is not disturbed again, will proceed in an orbit of which B, b,m isa 


part, and which will cross the plane p & at the points m and n. The 
new line of nodes has twisted here also in the direction opposite to 
the direction of the planet's motion, or has . ut the 
inclination of the new plane is greater tlian that of the old one, since 


it passes through the same point B,, and cuts the plane of reference in 
a line less distant from the line in which the old one cut it, or 
the inclination is Gated. 


(192.) We have, then, this general result : If a force acting 
dicularly to the orbit tends to draw the planet towards the Rissa of 
reference, it always causes the line of nodes on that plane to regress : 
While the planet ts snowing Soaeh & Bote ES on ighest above the 
plane of reference, it diminishes the ion to that plane; and 
while the planet is moving from the highest point to a node, it 
increases the inclination. 

get Ms the same manner, if the force tends to draw the planet 
from plane of reference, it always causes the line of n to 

While the planet is m from a node to the point 
above the plane, it increases the inclination; and while the 
eee ee point to the node, it diminishes the 

lination. 
(194.) Similar results would haye been obtained if we had considered 


‘ 


of the force while the planet is in that part of its orbit 
DE > 


ae 


plane of the orbit, let us take three points B, B,B,, of which B, is at 
e same distance as a from ©, B, is nearer to 0, B, farther from co 

than 4 is. Suppose that the attraction of c draws a in a certain small — 

time through or By, 


d,, there 
turbance, and pert are oh the real’ disturbance B, is 

by a force which would have drawn the planet from d, to },. ry 
the real disturbances at and B, are represented’ by forces 
would have drawn the p' from 

ively. Now, since cB, is 

and B, are equal, and therefore B 6, is equal to aa, 
ab, is parallel to aB,, and therefore is 
with b,d,; and consequently at B, the 
parallel to the radius vector, and there is no 
plane of the orbit. But at B, the planet 
therefore on the planet is greater, and Bb, is therefore 
Aa orB,d,; also it is more nearly perpendicular 


orbit than B,d,; and consequently }, is 
the orbis then d.; and therefore the distarbing foros db, is dicecked 
from the plane of the orbit towards the side on which c is, On the 


reper ea or phe e iepbnesnare emg pr 
it is incli more to perpendicular B,d. consequently 
b, is nearer to the plane of the orbit than dy ; and therefore the dis- 
enti: force d,b, is directed from the side on which o is. Thus 
we find, 

(196.) When the central and revolving bodies are eq: 
from the disturbing body, there is no disturbing force 
the plane of the orbit. 

(197.) When the revolving body is nearer the disturbing body than 


or Ba moreover 


“the central body is, the disturbing force icular to the Lager 
tends to draw the revolving body out of the plane to that side on 
which the disturbing body is. 

(198.) When the ite ag oes 2 is farther from the disturbing body 
than the central body is, disturbing force dicular to the . 
plane tends to draw the revolving body out of the plane to the side 
sb ge the disturbing body. i 

e may now apply these conclusions to the alteration of the node 


and inclination of the moon’s orbit produced by the sun's attraction, 
eee reference is here supposed to be the plane of the earth's 
orbit, 

(199.) First: suppose the line of nodes of the moon's orbit to be 
Ee ee Ee nentes by t188) eee 
orbit produced, an erefore, ere is no disturbing foree 

) lt She eens oO ; 
‘ mdly ; sup) e nodes to be in quadratures, or 
Gk farpentionlat $0 line drawn from the earth to: the sun, as in 


Fig. 43. 


fig. 48. The sun, in the figure, be considered as being below the 
pl of the moon's orbit. Also, moon's distance 

ing small, the points, at which the moon's distance 
the same as the earth's, are very nearly the same as 
quadrature, or (in the case before us) they are very nearly the same 


contrary, at B, the planet is farther from ©; the force on the planet is — 


ee 


tion, the same changes 
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uently, while the moon moves from 3B, through 
B, to B,, she is nearer to the sun than the earth is, and therefore the 
i ( 


while the moon moves from 8,, through B,, to B,, 
eter opiate 
i tends to pull her upwards from plane o orbii 
In the case before us, then, the di ing force is always directed 
of reference. msequently, by (192), while the 

B, to B,, the line of nodes is made to regress, and 

the inclination is diminished; while the moon moves from B, to B,, 
the line of nodes , and the inclination is increased ; while the 


t 
di 


clination, therefore, is not sensibly altered in a whole revolution, but 
the line of nodes 


B,, to B,, the disturbing force tends to pull her down from the plane 
of the orbit, and while she moves from B,, through B,, to B,, the force 
tends to pull her up from the plane of her orbit. Therefore, in going 
SURI /e She fotee. pralla. Sie. soc fren. the, plees af reference ; 
and causes thereby a progression of the line of nodes and a diminution 
of the inclination (193); in going from n to the highest point 0, the 
force pulls the moon towards the plane of reference ; and, therefore, 
causes the nodes to regress, and the inclination to diminish (192) ; in 
going from the highest point o to B,, the force still pulls the moon 


e 
i 


reference ; and, therefore, still causes the nodes 
to regress, but causes the inclination to increase. Thus while the 
moon moves from B, to N, the force causes the line of nodes to pro- 
gress, and while she moves from nN to B,, it causes the line of nodes to 
regress; and, similarly, while she moves from B, to M, the force causes 
the line of nodes to ; and while she moves from mM to B,, it 
causes the line of to regress. On the whole, therefore, the line 


: 
i 
4 
| 


(202.) Fourthly oes ng be h 

: suppose the line o les to be in such a position 

Senne cot paves i in. going: from. sysygy. to. quadrature, as"in 
, the sun is below the plane of the orbit produced ; 


ee eee peetiny nee Aree tends to the moon down 
; B, 


from her orbit ; from B, to B, it tends to her up from it. As 
in the last case it would be seen, that while the moon moves from 
on 
Bi - a 
Fig. 45. 
~ . 
Be Pr 


B, to M, the line of nodes regresses; while from m to B,, the line of 
cs hp while from 8, to N, the line of nodes regresses ; and 
while AT ceed canara On the whole, there- 
fore, the line of nodes regresses, -Also, it will be seen, that while the 
moon moves from B, to 0, the inclination is diminished; while from 


The same reasoning would apply, and lead to the same conclusions 
in every respect, if we su the moon's orbit inclined in the 


on. 

203.) Now the earth moves round the sun, and, therefore, the sun 
to move round the earth, and in the same direction in which 

moon moves round the earth. If then we begin with the state in 


waiter the ete en acs is Passing through the sun (and in which 


ion undergoes any change, by the first 
case), we come next to the state in which ts taped yt 


nodes in going from quadrature to (in which oat adhe 
Goi in whi node e3 
and the inclination diminishes, by the third case); then we come to 


the state in which the line of nodes coincides with the line of quad- 


moon passes the line of nodes in from to quadrature (i 
which the node and the inclination  taecensed, the 
fourth ease) ; and then we come to the state in which the line of nodes 
again passes the sun. This is when the sun has described, 


» half a revolution round the earth (or rather less, in con- 
sequence of the regression of the node), and in the other half revolu- 


in every respect take place in the same order, 
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The inclination, therefore, is greatest when the line of nodes passes 
through the sun, or coincides with the line of syzygy; and is least 
when the line of nodes coincides with the line of quadratures ; since 
it is constantly diminishing while we are going from the former state 
to the latter, and constantly increasing while we are going from the 
latter state to the former. This is the principal irregularity in the in- 
clination of the moon’s orbit ; all the others are very small. 

(204.) The line of nodes is constantly regressing at every revolution 
of the moon, except when the line of nodes passes through the sun. 
The annual motion which we might at first expect it to have is some- 
what diminished by the circumstance that the rapid regression of the 
line of nodes, when in the position in which the greatest effect is pro- 
duced, carries it from the line of quadratures more swiftly than the 
sun's progressive motion only, by making the line of quadratures to 
progress, would separate them. But as the line of nodes never pro- 
gresses, the diminution of the motion of the line of nodes thus occa- 
sioned is very much less than the increase of the motion of the line of 
apses (107). Also, as the force acting on o' ite points of the orbit 
tends to produce effects of the same kind there is no irregularity 
similar to that explained in (106). Hence the actual regression of the 
line of nodes, though a little less than might at first be pees 
differs from that regression by a much smaller quantity than that by 
which the actual motion of the line of apses differs from the motion 


which at first we might it to have. The line of nodes revolves 
completely round in something more than nineteen years. 
(205.) The effect of the irregularity in the regression of the nodes, 


and the effect of the alternate increase and diminution of the incli- 
nation, are blended into one inequality of latitude, which depends on 
the sun’s longitude, the longitude of the moon’s node, and the moon’s 
longitude. is inequality was discovered (from observation) by 
Tycho Brahé, about 1590. It may be considered to bear the same 
relation to the inclination which the evection bears to the excentricity ; 
and, like the evection in longitude, it is the greatest of the inequalities 
in latitude. It is, however, much less than the evection ; its greatest 
effect on the moon’s latitude being about 8’, by which the mean in- 
clination is sometimes increased and sometimes diminished. 

(206.) There are other small inequalities in the moon’s latitude, 
arising partly from the changes in the node and inclination, which take 
place Sates times in the course of each revolution (200), &c.; partly 
from the excentricity of the orbits of the moon and the earth, partly 
from the distortion accompanying the variation, and ly from the 
variability of the inclination itself. We shall not, however, delay 
ourselves with the explanation of all these terms. 

BD ih We shall now proceed with the disturbance of the planets in 
itude. , 

In this inquiry it is always best to take the orbit of the disturbing 
planet for the place of reference. Now let us first consider the case 
of Mere or Venus disturbed by Jupiter. In this case Jupiter 
revolving in a long time round the sun, which is the central boty to 
Mercury or Venus, produces exactly the same effect as the sun 
revolving (or appearing to revolve) round the earth, which is the 
central body to the moon. The disturbing force of Jupiter therefore 
produces a regression of the nodes of the orbits of Mercury and Venus 
on Jupiter's orbit ; and an irregularity in the motion of each node, and 
an alteration in the inclination, whose effects might be combined into 
one; and this is the only ene in their intitude, produced by 
Jupiter, whose effects are sensible. 

(208.) The other inequalities in latitude, depending on the relative 
position of the planets, possess no particular interest ; and a general 
notion of them may be formed from the remarks in the discussion of 
the motion of the moon’s node. One case, however, may be easily 
understood. When an exterior planet is disturbed by the attraction 
of an interior one, whose distance from the sun is less than half the 
distance of the exterior planet, and whose periodic time is much 
shorter, then the exterior planet is always further from the interior 

lanet than the sun is ; ere therefore, by (195), there is a disturbing 
orce urging it from the plane of reference when the planets are in 
conjunction, and to it when they are in opposition; and thus the ex- 
terior planet is pushed up and down for every conjunction of the two 
planets. The disturbance, however, is nothing when the exterior 
planet is at the line of its nodes (195). 

(209.) The near commensurability of periodic times, which so 

ikingly affects the major axis, the excentricity and the place of peri- 
helion, produces also considerable effects on the node and the incli- 
nation. The reasoning of (175) and (176) will in every resj apply 
to this case; the greatest effect is produced, both on the motion of the 
node and on the change of inclination, when the planets are in con- 
junction ; the gradual alteration of the point of conjunction produces 
a gradual alteration of these effects, which, however (in such a case as 
that of Jupiter and Saturn), is partially countera by the gradual 
change of the other points of conjunction: the uncompensated part, 
however, may, in many years, produce a very sensible larity in 
the elements. If we put the words line of nodes for line of apses, and 
inclination for excentricity, the whole of the reasoning in (175), &c., will 
apply almost without alteration, 

(210.) For the secular variation of the position of the orbit, the 
following considerations seem sufficient. In the long run the disturbed 
planet has been at every one point of its orbit a great number of times, 

LU 
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while the disturbing planet has been at almost every part of its orbit 
The disturbing force is always the difference of the forces which act 
on the sun on the disturbed planet. As the disturbing planct, in 
these various positions, acts upon the sun in all directions in the plane 
of its orbit, its effect on the sun may be wholly neglected ; and then 
it is easy to see that, whether the disturbing planct be exterior or in- 
terior to the other, the combined effect of the forces in all these point¢ 
on the disturbed planet at one point is to pull it from its orbit towards 
the plane of the disturbing planet's orbit. (This depends ss the 
cireumstance that the force is greatest when the disturbing et is 
nearest.) Consequently, by (192), the line of nodes of the bed 
planet's orbit on the disturbing planet's orbit, in the long run, always 
regresses. If the orbits are circular, there is no alteration of the in- 
clination, since, at points equally distant from the highest t, there 
is the same force on the disturbed planet ; and, therefore, by (192), the 
inclination is increased at one time, and diminished as much at another, 
If the orbits are elliptic, one point may be found where the effect of 
the force on the inclination is greater than at any other, and the whole 
effect on the inclination will be similar to that. 

(211.) In stating that the nodes always regress inthe long run, the 
reader must be careful to restrict this ect to the sense of re- 
gressing on the orbit of the disturbing planet. It may happen that 
on another orbit they will appear to —— Thus the nodes of 
Jupiter's orbit are made to regress on ’s orbit by Saturn’s dis- 
tubing force. The nodes of these orbits on the earth’s orbit are not 
very widely separated; but the inclination of Saturn’s orbit is greater 
than that of Jupiter's. If we trace these on a celestial globe, we shall 
have such a figure as fig. 46, where Ec represents the plane of the 


Fig. 46. 


earth’s orbit, the orbit of Jupiter, and st that of Saturn. The 
orbit of Jupiter, by regressing on Saturn's orbit, assumes the position 
of the dotted line je; but it is plain that the intersection of this 
orbit with the earth’s orbit has gone in the opposite direction, or has 
progressed. Ifthe motion of the node on Saturn’s orbit from J to j 
is regression, the motion of the node on the earth’s orbit from E to ¢ 
must be progression. ; 

(212.) There is a remarkable relation between the inclinations of all 
the orbits of the planetary system to a fixed plane, existing through 
all their secular variations, similar to that between their excentricities, 
The sum of the products of each mass, by the square root of the 
major axis of its orbit, and by the square of the inclination to a fixed 
plane, is invariable. 

(213.) The disturbance of Jupiter’s satellites in latitude presents 
circumstances not less worthy of remark than the disturbance in lon- 
gitude. The masses are so small, and their orbits so little inclined to 
each other, that the small inequalities produced in a revolution may be 
n Even that depending on the slow revolution of the line of 
conjunctions of the first three satellites, so small is the mutual in- 
clination of their orbits, does not amount to a sensible quantity. We 
shall therefore consider only those alterations in the position of the 
planes of the orbits which do not vary sensibly in a small number of 
revolutions. For this purpose we must introduce a term which has 
not been introduced before. : 

(214.) If the moon reyolved round the earth in the same plane in 
which the earth revolves round the sun, the sun’s attraction would 
never tend to draw the moon out of that plane. But (taking the cir- 
cumstances as they really exist) the moon revolves round the earth in 
a plane inclined to the = dh in which the earth revolves round the sun ; 
and the consequence, as we have seen is, that the line of nodes upon 
the latter plane regresses, and the inclination of the orbit to the latter 
plane remains, on the whole, unaltered. The plane of the earth’s orbit, 
then, may be considered a fundamental plane to the moon's motion ; by 
which term we mean to express, that if the moon moved in that plane, 
the disturbing force would never draw her out of it; and that if she 
moved in an orbit inclined to it, the orbit would always be inclined at 
rawr the same angle to that plane, though its line of nodes had 
sensibly The latter condition will, in general, be a consequence 
of the former. 


(215.) In order to discover what will be the fundamental plane for 
one of Jupiter's satellites, we must consider that, besides the sun's 
attraction, there is another and more powerful disturbing force acting 
on these bodies, namely, the irregularity of attraction produced 
Jupiter's flatness. The effect of this (as we shall show) is always to p 
the satellites towards the plane of Jupiter's equator. If Jupiter were 
spherical, the only disturbing force would be the sun's attraction, tend- 
ing on the whole to draw the satellite towards the plane of Jupiter's 
orbit, and that plane would be the fundamental plane of the satellite. 
If Jupiter were flattened, and if the sun did not disturb the satellite, the 
irregularity in Jupiter’s shape would always tend to draw the satellite 
towards the plane of his equator, and the plane of his equator would 
be the fundamental plane of the satellite, As both causes exist, the 


position of the actual fundamental plane must be found by the 
consideration. We must discover the position of a e from 
demampeeta, end. Une: dteebiag aaaee depenting upon Jct ae 
) an e upon Ju s 
tends to draw it upwards (or vice verad), by equal quantities ; and that 
plane will be the fundamental plane, This must lie between the 
planes of Jupiter's orbit and Jupiter's equator, because thus only can 
the disturbing forces act in opposite ways, and therefore balance each . 
other: and it must pass through their intersection, as otherwise it 
would at that part be above both or below both, and the forces depending 
on both causes would act the same way. 

(216.) The disturbing force of the sun, as we have seen (82), &c., is 
greater as the satellite is more distant; the disturbing foree depending 
on Jupiter's shape is then less, as we shall mention hereafter, Con- 
sequently, as the satellite is more distant, the effect of the sun's disturb- 


ing force is much greater in proportion to that on Ji 
shape. Thus, if there were a single satellite at the distance of Jupiter's 
first satellite, its fundamental e would coincide with the 


lane of Jupiter's equator; if at the distance of Jupiter’s second satel- 
ite, its fundamental plane would depart a little farther from coin- 


‘eidence with the plane of the equator; and so on for other distances; 


and if the distance were very great, it would nearly coincide with the 
plane of Jupiter’s orbit. , then, Jupiter’s four satellites did not 
disturb each other, each of them would have a separate fundamental 
plane, and the positions of these planes would depend only upon each 
satellite’s distance from Jupiter. , ~ , 
(217.) In the satellites do disturb each other. In speaking of 
the Lom (210), ae ares — that the effect of dintarbing fo of 
one planet upon another, in the long run, is to exert a di i 
tending to draw that other aia (ch ar pet of its orbit) towards the 
plane of the first planet’s orbit. The same thing is true of Ju ; 
satellites. Now, though each of them moves ly in an t 
inclined to its fundamental plane, yet in the long run (when the nodes 
of the orbit have many times round), we may consider the 
motion of each satellite as taking place in its fundamental plane. The 
question, therefore, must now be stated thus. The four satellites are 
revolving in four different fundamental planes; and the position of 
each of these planes is to be determined by the consideration that the 
satellite in that plane is drawn towards the plane of Jupiter's orbit by 
the sun’s disturbing force, towards the plane of Jupiter’s equator’ 
the force depending on Jupiter's shape, and towards the plane of 
of the other three satellites, by the disturbing force produced by each 
satellite : and these forces must balance in the long run. ‘ 
(218.) The determination of these planes is not very difficult, when 
general algebraical expressions have been investigated for the magnitude 
of each of the forces. The general nature of the results will be easily 
seen; the several fundamental planes will be drawn nearer together 
(that of the first satellite; that of the second, and that of the third, will 
bé drawn nearer to Jupiter's orbit, while that of the fourth will be 
drawn nearer to Jupiter's equator). The four planes will wate 
through the intersection of the plane of Jupiter’s equator with of 
Jupiter's orbit. Thus, if we conceive the eye to be placed at a 
distance, in the intersection of the planes of Jupiter's orbit and J 
equator, and if the dotted lines in jig, 47 represent the appearance of 


Fig. 47. 


the fundamental 
disturb each other, then the dark lines will represent the positions of 
these planes as affected by the mutual disturbances, The inclination of 
Jupiter’s equator to Jupiter’s orbit is about 3° 5’; and so great is the 
effect of his shape, that the fundamental plane of the first satellite is in- 
clined to his equator by only 7”; that of the second satellite by about 
1'; that of the third by about 5’; and that of the fourth by about 244’, 
Without mutual perturbation, the inclinations to Jupiter's equator 
would have been about 2”, 20", 4’, and 48’. 

Set | Having considered the positions of the fundamental 
we now consider the motion of a satellite, when moying in an 
orbit inclined to its fundamental plane. 

(220.) The general effect will be of the same kind as that for the 
moon. Since the disturbing force which then tends to pull it from the 
plane of its orbit, tends to pull it towards the fundamental (as, 
supposing the satellite to be on that side of the fundamental next 
the plane of Jupiter’s equator, the sun's disturbing force towards 
Jupiter's orbit is increased, that towards Jupiter's equator is es 

so for the others), the line of nodes ry on the fundamen 
will not be altered. That part of 


plane. The inclination on the whole : u 

the regression of the nodes which depends on the sun’s disturbing force 
will be greater for the distant than for the near ones; but 
that which depends on the 


— Jupiter “cow which is much more 
important) be greater for the near tes than for the distant 
ones, On the whole, therefore, the lines. of nodes of the interior satel- 


as. whieh. would exist if the entelliter did bet” 


« 
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lites will regress more than those of the exterior ones. Their 


annual regressions (beginning with the second) are, in fact, 12°, 2°, 32’, | longi 


and 41’, 
(221.) But the disturbing force of one satellite upon 
tered rs 2 
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that the action of Jupiter's shape would tend to make the nodes of the 
first satellite 


regress much more rapidly than those of the second ; but 

as our orbit of the first satellite is assumed to accom 

loo th paring sd the disturbing force d i 
such as to destroy a part of this regression, or to produce (separate! 

a progression of the nodes of the first ; consequentl. iv) 
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disturbances of these bodies in latitude as with regard to those in 
itude, explained in (150), &. 

(225.) The only other inequality in latitude, which is sensible, is 
that depending on the position of the sun, with to the-nodes of 
the orbits on the plane of Jupiter’s orbit (that is, with to the 
node of Jupiter’s on Jupiter’s orbit), and this amounts to only 
a pre en It is exactly analogous to that of the moon, explained 
in 


Sxcrion IX.—Efeets of the Oblateness of Planets upon the Motions of 


(226.) In the investigations of motion about a central body, we have 
supposed that central body to be a spherical ball. This makes the 
investigation remarkably simple; for it is demonstrated by mathe- 
maticians, that the gers form possesses the following property : 
the attraction of all the matter in a sphere upon another body at any 


roduced | distance external to it is exactly the same as if all the matter of the 


sphere were collected at the centre of the sphere. In the investigation 
of motion about a centre we may therefore lay aside (as we have usually 
done) all consideration of the size of the attracting body, if that body 


is spherical. 

(227.) But the planets are not spherical. Whether or not they have 
ever been fluid, still they have (at least, the earth has) a great extent 
of fluid on its surface, and the form of this fluid will be affected by 
the rotation of the planet. The fluid will spread out most where the 
whirling motion is most rapid, that is, at the equator. Thus it appears 
from theory, and it is also found from measures, that the earth is not 
asphere, but a spheroid, flattened at the north and south poles, and 
protuberant at the equator. The proportion of the axes differs little 
from the proportion of 299 : 300; so that a line drawn through the 
earth’s centre, and passing through the equator, is longer than one 
passing through the poles, by 27 miles, 

(228.) The flattening of Jupiter is still more remarkable. The pro- 
portion of his axes differs little from that of 13:14, and thus the 
difference of his diameters is nearly 6000 miles. In fact, the eye is 
caught by the elliptic appearance of Jupiter, on viewing him for a 
moment in a . 

(229.) It is our iness, in the present section, to point out the 
general effects of this shape upon the motion of satellites, The agree- 
ment of observation with calculation on this point is certainly one of 
the most striking proofs of the correctness of the theory, “ that every 
particle of matter attracts every other particle, according to the law of 
Universal Gravitation.” 

(230.) We will begin with explaining the law according to which an 
oblate planet attracts a satellite in the plane of its equator. 

The spheroid represented by the dark line in jig. 48 may be supposed 
to be formed from the sphere represented by the dotted line, by cutting 
off a quantity of matter from each pole. To simplify our conception, 
let us suppose that all the matter cut off was in one lump at each pole ; 

D 


Fig. 48. Pes ey 


arr 


E 
that is, at the points D and z. The attraction of the whole sphere on 
the satellite B, as we have remarked, is the same as if all the matter 
of the sphere were collected at 4. But the attraction of the part cut 
off is not the same as if it were collected at a, inasmuch as its distance 
from B is greater, and as the direction of the attraction to D, or to x, 
is not the same as that toa, Thus, suppose aD is called 1, and aB 
is called 10. Since the forces are inversely as the squares of the 
distances at which the attracting mass is situate, the attraction of the 
lump D, if at the point a, where its distance frum B is 10, may be called 
He but if at D, it must be called ;};, since the square of BD is equal to 
the sum of the squares of B a and 4 D, that is, to the sum of 100 and 1. 
Also the direction of attraction is not the same; for, if the attraction of 
D should draw the satellite bec Bb, and if 6 c be drawn perpendicular 
to a B, the only effective app to A is the distance Bc, which is less 
than Bb in the proportion of B A to BD, or of 10 to / 101; and, there- 
fore, the effective attraction of D, estimated by the space through which 


10 
it draws the satellite towards A must be called ——————.. And this is 
101 x /101 


the whole effect which its attraction produces; for though the 
attraction of p alone tends to draw the satellite above A B, yet the 
attraction of & will tend to draw it as much below 4B; and thus the 


parts of the force which act perpendicular to a B will destroy each 


other. We have, then: the attraction of the lump D, if placed at a, 
1 
would be represented by 795 = 0°01; but as placed as D, its effective 


attraction i ited pres — aks 0°0098518. The difference 
an presented Sy : : 


1500 
is 0'0001482, or nearly Tppgq9¢h of the whole attraction of D, and the 
same for x, Consequently, the lumps at D and x produce a smaller 
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effective attraction on 5 than if were collected at a; but the 
whole sphere produces the same e as if its whole mass were 
collected, at a; and, therefore, the part left after cutting away the 
lumps at D and & produces a greater attraction than if its whole mass 
were collected at a. 

(231.) But it is important to inquire, whether this attraction is 
greater than if the matter of the spheroid were collected at the contre, 
in the same proportion at all distances of the eatellite, For this 
purpose, suppose the distance of the satellite to be 20. The same 
reasoning would show, that the attraction of the lump D, if placed at 


1 
A, must now be represented by oo = 00025; but that, if placed at 


20 
D, its effective attraction is represented LY x. Ji 0°002490653. 


375 
The difference now is 0-000009347, or nearly [>pppg of the whole 


attraction of p. Consequently by removing the satellite to twice the 
distance from A, the difference between the effective attraction of the 


lump at 4 and at p bears to the whole attraction of the lump at aa} &d 


proportion four times smaller than before. And, therefore, the 
attraction of the spheroid, though still greater than if its whole matter 
were collected at A, differs from that by a quantity, whose proportion 
to the whole attraction is only one-fourth of what it was before. If 
we tried different distances in the same manner, we should find, as a 
general law, that the proportion which the difference (of the actual 
attraction, and the attraction supposing all the matter collected at the 
centre) bears to the latter, diminishes as the square of the distance 
from A increases. ‘ 

(232). The attraction of an oblate spheroid upon a satellite, or other 
body, in the plane of its equator, may therefore, be stated thus :— 
There is the same force as if all the matter of the spheroid were 
collected at its centre, and, besides this, there is an additional force 
depending upon the oblateness, whose proportion to the other force 
diminishes as the square of the distance of the satellite is increased. 

(233.) Now, let us investigate the law according to which an oblate 
spheroid attracts a body, situate in the direction of its axis. 

Proceeding in the same manner as before, arid sup the 
distance a B to, be 10, the attraction of the lump, which at a would be 
represented by ;;, will at D be represented by 2, and will at FE 
be represented by 4, (since the distances of p and & from B are 
respectively 9 and 11), Hence, if the two equal lumps,'D and FE, were 


Fig. 49. . 


E 

ay Ay 
106 * 100-50 
In the positions p and £ the sum of their attractions on B is 


> ee 
Bit jai — 90206100. The difference is 0:0006100, by which the 


attraction in the latter case is the greater. Consequently, the attraction 
of the lumps in the positions D and 8 is greater than if they were col- 
lected at the centre by nearly ths of their whole attraction ; but the 
attraction of the whole sphere is the same as if all the matter of the 
sphere were collected at the centre; therefore, when these parts 
removed, they must leave a mass, whose attraction is less: than if 
its whole matter were collected in the centre. With to the 
alteration depending on the distance of B, it would be found, on trial, 
to follow the same law as before. 

(234). The attraction of a spheroid on a body in the direction of its 
axis may, therefore, be represented, by supposing the whole matter 
coll at the centre, and then supposing the attraction to be 
diminished by a force depending on the oblateness, whose proportion 
to the whole force diminishes as the square of the distance of the body 
is increased. 

(235). Since the attraction on a body, in the plane of the equator, 
Soe cuem it the mass of the spheroid were collected at its centre, 

the attraction on a body in the direction of the axis is less, it will 
readily be understood, that in taking directions, successively more and 
more inclined to the equator, on both sides, the attraction successively 
diminishes. And there is one inclination, at which the attraction is 
exactly the same as if the whole mass of the spheroid were collected at 
its centre. 

(236). Now, suppose that a satellite revolves in an orbit, which 
coincides with the plane of the equator, or makes a amall angle with 


collected at the centre, their attraction on B would be 
=0°02. 


small in comparison with that produced 


are | the 


it ; what will be the nature of its orbit? For this investigation we have 


only to consider, that there is acting the satellite a 
samme ae if all the matter of the spheroid on 2 at its 


and, consequently, proportional in: to 
and that, with this force only, eran 
coincided with the centre of 


£F 
j 
$e 

: 
: 
fi 
iH 
be 


its smallest distance, this force will cause 
(50) and (53). If this force, at 

proportion as the other attractive force, it would, on the 
cause no alteration in the ition of 
amount to the same as 


! 
i 


soem 
But (231) the proportion of this force to the other diminishes as 
distance is increased. at the 


fore, on the whole, the line of apses 
satellite is to the planet, the greater 
the other attraction; and, therefore the more rapid is the 
of the line of apses at every revolution. The progression 

apses of the moon's orbit, produced by the earth’s oblateness, is so 


ee ee 
that th one beriiy he-soliogereceas anak ion of the 


apses in the orbits of Jupiter's satellites, uced by the oblateness of 
Jupiter, is so rapid, especially for the nearest that the part 
produoed by he seni dietarhing Sones is enell ix sotapetions with it. _ 
(237.) -Weshall now proceed with the investigation of the disturbance 
in a satellite's latitude, produced by the oblateness of a planet. : 
(238.) First, It is evident that if the satellite's orbit coincides with 
the plane of the planet's equator, there will be no force tending to pull 
it up or down that ; and, therefore, it will continue to 
Siren aget i In cone, thee eats |e as ers 
titude ; we must, therefore, in lowing investigation, suppose 
the orbit inclined to the plane of the equator. 
In jig. 50, then, let us consider (as before) the effect of the attracti 


Fig, 50. 


of the two lumps at D and &, in pulling the satellite n i 

to the line aB. Now D is nearer to B than F is; also tine Dae 
more inclined than kB to as. If the attraction of p alone 
bhp ecbeabrn is rein os ar eget pak 
part oi motion of B, w ieee toaB; 

is upwards. In like manner, if 

the same time, ge would be the motion perpendicular 

motion is downwards. When both attractions act, these effects 
combined; the question then is, which is greater, fd or ge! 
since D is nearer than £, the attraction of p is greater 

therefore Bd is than B¢; also Bd is more inclined than Be 
BA; therefore df is much ter than ge. Hence, the force which 
tends to draw B upwards is the | erating force; and 

on the whole, the combined attractions of p and x will tend to draw 


whole sphere would tend to draw it the line ba. Therefore, 
the ining mass (that 


ite is near to the planet, the the 


distances p B and &£ B is increased, and the eee inclinations 
to Ba is also increased ; and the disturbance is, much greater 
for a near satellite than for a distant one, ‘ 


And from (193), &c,, we can 

the line of nodes to regress, if the 
plane, and the more as the planet. 
there were no other force, the inclination of those orbits to 
posh of Jupiter’s equator would be invariable, and their nodes 
would regress with different velocities, those of the near satellites 


ioe 0 ame Also, the nearer the 
is the proportion of this foree to — 
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regressing the quicker. In point of fact, the circumstances of the 
inner satellites are very nearly the same as if no other disturbing force 


effect of the ring may be thus conceived :—If we inscribe a 
spherical surface in an oblate spheroid, touching its surface at the two 
poles, the spheroid will be divided into two parts; a sphere whose 
attraction is the same as if all its matter were collected at its centre, 
uatorial protuberance analogous in form to a ring. The whole 
irregularity in 
attraction of this ring-like protuberance, since there is no such irregu- 
the attraction 


E 
B 
8 


F 


Saturn were very oblate. The rate of 
of any satellite, and the rate of regression 


= 
iis 
~ 


(242.) The effect of the earth’s oblateness in increasing the rapidity 

regression of the moon’s nodes is so small, that it cannot be dis- 

observation. But the effect on the position of the funda- 

is discoverable. We have seen (204) that the moon’s 

ly round in 19} years. The plane of 

4° to the earth’s orbit, and the line of 
ime therefore th 


of about 8", and is 


4 effect of the earth’s oblateness (the only 
other effect on the moon which is sensible) that deserves notice. The 
inclination of the moon's orbit to the earth’s orbit is less than 5°, and 
inclination of the earth’s equator to the earth’s orbit is 234°. 
juently, when the moon’s orbit lies between these two planes, 
the of the moon's orbit to the earth’s equator is about 19°; 
and when the line of nodes is again in the same position, but the orbit 
is inclined the other way, the inclination of moon’s orbit to the 
earth’s equator is about} 28°. At the latter time, therefore, in conse- 
quence of the earth’s oblateness, the moon, when farthest from its 
node, will, by (235), experience a smaller attraction to the earth than 
at the former time when farthest from its node. When in the line of 

the attractions in the two cases will be equal. ‘On the whole 
See © ne Sone vonn ue meena oe tatter time then 


: a ee 
increased for the same time. moon’s orbit (47) becomes gradually 
smaller in second. The 
i as explained in (49) the alteration in the 
longitude may be sensible. It is 
about 8", 


uality in the longitude, would be greater or less 
we have mentioned; and thus we are led to the 
remarkable conclusion, that by o! the moon we can discover 
amount of the earth’s oblateness, ape ge Bap theory to be true. 
This has been done; and the agreement of result thus obtained, 
ith that obtained from direct measures of. the earth, is one of the 
striking proofs of the correctness of the Theory of Universal 


GRAVITY, CENTRE OF, is that point at which all the weight of a 
mass might be collected without disturbing the equilibrium of any 
system of which the mass forms a part. Thus, if a lever were balanced 


ring | by means of two solid spheres of uniform density hung at the ends, 


the equilibrium would still remain if all the matter of either of the 
spheres could be concentrated at its centre. The centre of the sphere 
is then its centre of gravity. 

When a body is suspended by a string, and allowed to find its 
position of rest, the centre of gravity is in the line of continuation of 
the string. If then a body be suspended successively at two different 
points, and if the lines in which the strings produced would cut 
through the body can be conveniently determined, the centre of 
gravity is the point of intersection of the two lines. This process is 
very easy in the case of a thin flat surface, and the approximation is 
quite sufficient for practical purposes. 

When a surface (or a thin plate) is of uniform density, the centres 
of gravity and of figure [CenrTre] are the same.. It is needless to say 
where this falls in the case of a circle, of a square or other parallelogram, 
or of a regular oval figure. In a triangle it is found by joining the 
vertex and middle of the base, and cutting the intercepted line into 
three equal parts, the nearest trisecting point to the base giving the 
centre of gravity. In a prism and cylinder it is the middle point of 
the line joining the centres of gravity of the two bases. In a cone or 
pyramid it is found by joining the vertex and the centre of gravity of 
the base, and cutting the joining line into four equal parts, the nearest 
of which to the base ends in the centre of gravity. In a semicircle the 
distance of the centre of gravity from the centre is about fourteen 
thirty-thirds of the radius; in a hemisphere this same distance is five- 
eighths of the radius. 

The centre of gravity of two bodies is found by joining their centres 
of gravity, and dividing the joining line so that content of the first 
may be to that of the second as the segment adjoining the second is to 
that adjoining the first. By the same rule, and by the centre of two 
bodies thus found and that of a third, the centre of three bodies may 
be found, taking care to use with each centre the sum of all the 
contents of the bodies oonires in finding it. 

GRAVITY, SPECIFIC. [Sprctric Graviry. 

GREAT CIRCLE or TANGENT SAILING. Although the subject 
will be found properly introduced under the general head Navigation, 
the peculiar nature of Great Circle Sailing, and its growing importance 
to underwriters, shipowners, and therefore to the whole mercantile 
interests of Great Britain, demand a special notice in this place. 

The opening of an expanding and lucrative traffic with the far east 
of the globe, has called more imperatively for improvements in science 
and art, which the merchants of old,:in their occasionally distant 
voyages, the less needed, To them indeed one item of daily expense 
was unknown ;—the consumption of coal had not advanced the costs 
of a voyage to an enormous outlay, nor had the wear and tear of 

i entailed on shipowners disbursements which at this day 
form so prominent a feature in their aggregate yearly expenditure. 

It was to meet this and to render facilities for shortening a voyage 
already diminished in duration by the use of steam, that attention was 
attracted to the long neglected practice of great circle sailing. 

To explain the principles of this sailing it is only necessary to take 
an ordinary terrestrial yaar gatens notice that while some circles usually 
drawn thereon and ed meridians are of equal size, because if the 
globe were cut in two in the plane of any one of these meridians, the 
section would through the globe’s centre, other circles called 

(as of latitude, declination, altitude, &c.) differ in magnitude. 
e term great circle only applies to the former: a sphere therefore 
being cut through on a great circle would be divided into two equal 
The equator is of this description. If we take a thread and 
stretch along the equator, say reaching along 80 or 90 degrees of 
longitude, on tightening the thread it would still lie exactly ae the 
line; such would also be the case on the meridians; but if this be 
attempted on any of the parallel circles, the thread on being tightened 
would slip off the parallel in a direction towards the nearest pole, thus 
forming an illustration of a great circle track; and the farther from 
the equator this is tried, the more striking would be the difference 
between the parallel and the track, which thus measures the nearest 
distance between the ends of the thread, and this will be the case 
wherever a thread is thus applied obliquely on a sphere. 

A general belief prevails among merely practical men that this kind 
of sailing is one of recent development—that its employment has 
been in consequence of modern discovery; but such is far from the 
truth. Those who have studied the practice of navigation as given in 
old authors will be aware that for nearly 150 years before the dawn of 
this century a knowledge of great circle sailing was not only considered 
to be a necessary element in the acquirements of a navigator, but a 
knowledge of its very principles precisely as laid down in the most 
modern works (so far as regards construction and calculation) was 
thought an essential part of. the educational course of every sea-going 
merchant captain, and its rules and demonstrations are to be found 
plainly set forth in such works as Atkinson’s, Norwood’s, Newhouse’s, 
Gallibrand’s, and others of the period of about 1680 to 1720. 

Spherical trigonometry was naturally considered indispensable to 
every one employed in cond treasure over the surface of a 
sphere, while a knowledge of plane trigonometry was deemed an equally 


ee 
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preparation for those whose v Were so short as to | courses can be made the more will the duration of a v 
adinit of the sides of a triangle on the globe for ordi nished. But where a method is used, the principles of 
considered as straight lines: but the teaching of es to the | understood (for the terms lat, of vertex, long. of vertex, &o., suggest a 
navigator falling into disuse (by some misconceptions), | difficulty to the untrained student), a standing too long on one 
t circle sailing gradually became neglected, until for many course is liable to be found hundreds of northward or southward 
it was omitted in the standard works on navigation altogether, Even of her desired position ; and this will be found generally to arise from 
the attempt of Dr. Kelly, the mathematical examiner at the Trinity | the captain’s using too frequently during bored im Ama byrne 07 
House nearly 50 years since, to renew the study of spheric pro- | of vertex with which he started, and on which he calewlated his courses 
jection, resulted in failure. Thus, while the sea officers of other | for the ae leneing eee The following figure will illus- 
nations are well in that which forms not only the basis | trate this, It is the memorable and unexaggerated track of a celebrated 
of circle sailing, but of nautical astronomy, the ic and | clipper across’ the Atlantic to England in the autumn of 1856, one of 
intelli mariners of England, although progressing in all else, were | the then shortest passages on record. 
doomed for a time to wade in the pursuit of principles through ‘ 
works which as regards theory are somewhat too elaborate, and with Fig. 1. 
respect to the rules of spheric construction are quite inadequate, for 5 ‘ a 
the mere navigator. THE Lizarg 
Such was pre-eminently the state of things when the late skilful b 3 Poinr, 
and lamented Lieutenant Henry Raper, R.N., his ‘ Practice ont ow GREAT » CIRCL : 


of Navigation,’ which forms the present text book of the Royal Naval 
service, and of the higher classes of merchant navigators. But even 
in this admirable work the doctrine of spheric construction has. been 
omitted as evidently forming no supposed essential in a sea officer's 

The name of Raper must however be conspicuous as the regenerator 
of great circle sailing. In his work he gives excellent formule, but the 
use of logarithms arising from rules not understood by the uninitiated 
entails an effort of memory which is injuriously allowed to supplant 
the satisfaction which a conscious knowledge of principles would so 
unceasingly furnish. Notwithstanding this, Raper’s solution of the 


“ wearisome blem” of the great circle is eminently concise and 
practical, for those who are content with spheric calculation, 
nothing more can be desired. 


Soon after Raper’s work appeared, Mr. J. T. Towson, examiner in 
navigation at Liverpool, devised a set of tables, by means of which, 
and an ingeniously contrived diagram called a “ linear index,” together 
with the aid of dividers and scales, he so greatly simplified the matter 
as naturally to affect the commerce of the country, inasmuch as voyages 
which formerly occupied nearly 150 days were principally by means of 

t cirele sailing, and, together with improvements in ship-building 
(Curren), performed in about 70 to 80 days. Hence the subject has 

© one of large pecuniary moment; and it must here in justice to 

Mr. Towson be stated, that he generously presented to the Admiral 
for public use the tables which had been constructed by him thro 
years of very great labour. He has subsequently been enabled to 
further facilitate the question by adding to his tables, in 1854, a column 
containing the means of ascertaining at once the distance between a 
ship and her destined port. 

Various attempts have been lately made to supersede these tables : 
one of these deserves particular mention, not only from the of 
the means employed, but from its leaving so little to be desired, 
although that little was important. It ‘occurred to the Rev. Hugh 
Godfray, M.A., and to a merchant captain, Mr. Bergen, at about the 
same period, that a chart constructed on the gnomonic projection 
— Prosection} would at once show the great circle track by 

ying any straight edge along the two given places: this 
shows,the track with t accuracy; but here again the aid of a 
diagram, formed, to, by curve which convey at sight no elucidation of 
principles, was required in finding the “ course and distance.” 

Popular errors exist on this question which are worthy of special 
notice. Navigators are accustomed to use charts constrneted on 
Mercator’s projection, wherein all bearings are taken as straight lines, 
and these straight lines cross all the meridians at the same angle, and 
therefore offer a convenient mode of sailing and a ready means of find- 
ing a course and distance ; but from reasons already given, as explained 
in applying a thread to a globe, the same error in actual distance must 


exist on Mercator’s charts, where the are represented as t 
lines, as are found on the surface of the globe itself; for a parallel of 
latitude in neither case exhibits the nearest track between two places 


lying on it: therefore, if we wish to show on a Mercator’s chart the 
nearest distance between such two places, it can only be represented by 
a curve, and as a mathematical line is that which is the nearest distance 
between two points, those who forget that the straight lines on the 
Mercator’s chart are, to answer a , themselves actually 
distortions, are liable to doubt the soundness of the principle of great 
circle tracks, hivaed 4 . ian 
And, again, a multitude of navigators at leny the ibility 
of sailing on a great circle A chevig eiehy say ther, ok would require 
a continual change of course. As well may it be said that, because of 
the difficulties attending the quadrature of the circle, the use of the 
circle in ordinary mathematical computations is fallacious. This 
widely existing misapprehension would at oncé be demolished were 
this method of navigation called “tangent 3” such it really is; 
and the of nathe was first pro to the astronomer-royal in 
1857 by Mr. Saxby : for it is the pecular property of great pedis | 
that, in contradistinction to Mercator’s, no two mi are 
at the same angle. All that need be done, therefore, by a navigator is, 
to sail as near to his great circle track as convenient, and each separate 
course will be a tangent to his track ; and the shorter those tangent 


In the above it will be seen ‘that on the 


some distance from the dotted circle AF port 
she was, to save calculation, ha up for the great circle track, 
of being navigated on a newly-found track, and with, of course, a newly- 


found “ latitude of vertex ” 


leted his brilliant ~~ it with credit. 
comple upon it wit 


on the 
having the usual meridians and parallels drawn 


rivascin fesena on @ powerful 
ee |, we have the 
spherograph.” Its use spheric na’ is as 
sbip to be in latitude 50 mynd tome eae 
N. and 60° difference of | 4 


projection, each 
thereon, and attach 


The only manipulation required was the 
the ship's latitude, EQ 


about 724° (or 8. 724° W., because the 
southerly and westerly by question), and the distance x rp = about 634° 
x 60=3810 miles. 


Fig. 2. 
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8 , in addition, the when next able to ascertain her position 
yas found to be in latitude iG Gunstoad of 60"), and having only 20° of 
longitude to make, We should now, as in fig. 3, set the under pole to 
40° north latitude and (omitting all unnecessary lines for the sake of 
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clearness) the line p x would represent the difference of longitude, 30° 
snd Pe TEEtteaoe, while Cin aphoele wacle tBHeUE be th 


; Fig, 3. 
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W.), and the distance p x would be found as in fig. 2. 

, , further, the next ascertained of the ship to be in 
lat. 30° N., and the diff. of long. 30° (as before). The under pole p being 
Fig 4. | 
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moved to 30° N., would show the problem as in fig. 4, which would be 
solyed as in the above, giying the course about 60° or S. 60° W. 
Fig. 5. 
cA 
P 


course ; and being measured on 08, would give 50°, or (8. 50° | - 


The mathematician will have noticed that the useful problem of 
circle sailing is solved in the spherograph by means of a triangle, 
ing from that ly used in its solution by calculation, an 
example of which it is essential to give. For while by the latter we 
use the two zenith distances with the difference of longitude, in the 
instrument we simply take the latitude in, and the latitude bound to, 
and the difference of longitude, Instead of using triangle x z P as in 
calculation, we use the rational triangle x Pp D. 
Fig. 5 represents the problem given in jig. 2, as adapted to the 
following computation :— 
Let zr be the co, lat. 40°; and z x be the co. lat. 80°, and the angle 
P zx be the diff. of longitude 60°. To find the distance p x, and x Pz, 
the complement of the first great circle course, 


40° Angler zx = 60° 


zx=80 . - 80 — 
_ 30 4 contained angle. 
120 sum , 40 diff, 


60 $sum . 20 } diff. 
As sine } sum 2 sides 60° ar. co, 0°062469 
To sine $ diff. - 20 Ps 9°534052 


10°238561 


Cot. } contained angle 30} 


9°835082=tang. 4 diff. of the other two 
angles, or 34° 22', 


As cos 4 sum 2 sides. 60° ar.co. 0°301030 ' 
Tocos} diff. . . 20 ,, 9972986 ey 
Cot, } contained angle 30 ,,  10°238561 
10°512577=tang, $ sum of the other two 
angles, or 72° 55’ 
“sum 72° 55’ 
diff, 34 22 


Sum 107 17 =co, course x pz,and 180°—107° 17’=the course ar x, or 
——— 72° 43’, 
Diff, 38 33 


.. To find the distance P x— 


107° 17’ ar,co, 0°020065 
9°993551 
9°937531 


9°951147=sine 63° 20° 
60 
3800 the distance in geo- 
graphical miles. 


The i however, has this advantage over all other methods, 
namely, it takes the simple data alone as they occur’in practice, with- 
out there being necessity for the terms hitherto found convenient, 
such as lat, of vertex, long. from vertex, &c., or indeed even the co. 
latitudes, co, mtg ip dom the tyro is thus only using terms in the 


rh oop yf 
We have now shown that it is really easier to navigate on the great 


time than a cheered Prin 
oceu) more using sp ph to find the course 
hhich leads directly to the place bound to, 

If anything could be more simple, it is to be found in the tables 
which accompany the instrument, and which are derived from spheric 
Page 5 pan have no ys gor n va the di iy aan that 
they veri accuracy of instrumental projection. @ give an 
example as worked in these tables. Taking the question in the above 
Jig. 4, namely, lat. of the ship, or “ Lat. in” 30°, diff. of long, 30°, diff. of 
lat. 20°, we will suppose a block of figures (omitting such as are unne- 


cessary for our illustration) to be as ; 
Ship’s Diff, of Diff. of longitude, 
lat. in lat. 5° 10° 15° 20° 25° 30° 35° 40° 45° 50° 55° 60°, &o, 
30° 5 paises. 40) BG. 0) (ah th stalks. Shite vs 
tie yb Fis ee eH hasl Bs tire ges PBA IER 
15 We sa, BR fee 96, ta" he, 06 a6) 6h 34° ce 
20 Be be be oe ee GOL. os ce ee ee te 
25 welba va les be be VeTlss os we se we 


The intersection of the vertical and horizontal lines at “ 60,” having 
reference to the data, shews the great circle course to be §, 60° W., as 
measured at B 0 (fig. 4). ‘ 

The not easy consideration of composite sailing [Sattmas], is hence- 
forth entirely superseded by the following general rule in determining 
the course of a voyage, and its importance to maritime commerce 
cannot be over-rated. A navigator withthe chart before him, and 
possessing a spherograph, will in future reason thus with himself: 
“Being anxious to the shortest Xap voyage, I must not let 
Pet ercie mating take me into difficulties as to dangers, bafiling winds, 

, &c.; no, I shall for very many reasons like to place my ship there 
and there, on my route” (at the same time marking dots on his chart 
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to indicate such places). We need only imagine r in fig. 2, to be one 
of those dots, and x another,—always supposing one of the places to 
lie on the primitive circle, which in cases represents the ship's 
meridian—and the extreme simplicity of this new method by sphero- 
graph, to the total exclusion of what has been called “ composite” 
sailing, will be at once apparent. 

Hitherto whatever obstacles may have prevented the general renewal 
of the practice of t circle, or tangent, navigation, a knowledge of 
such obstructions fas bein confined almost to navigators alone; but 
henceforward (and our so thorough investigation of this important 
subject as a national question bearing with weight = extensive 
interests, has been with this object) it will remain with shipowners 
and underwriters to see that their ae is pane — a to 
place in the shortest possible time ; for to take a melancholy example, it 
must not be forgotten that had the unfortunate “ Royal enter ” been 
able, by any extra facilities possessed by her late accomplished Captain, 
to reach Point Lynas even twelve hours earlier, the awful catastrophe 
which desolated so many homes, and wrung so many hearts, would 
. most probably have been averted. 

GREAVES. [Armovr.] 

GRECIAN CHITECTURE. The most ancient constructional 
remains in Greece are the rude pre-historic masses of masoury known 
as Cyclopean, from their being attributed by early tradition to the 
fabulous Cyclopes. They consist chiefly of walls formed of huge shape- 
less blocks of jstone, having the interstices filled up with smaller but 
equally rude blocks, Of a less uncertain but still remote period are 
the Pelasgic remains, which, though remarkable rather as constructive 
works than as works of art, are yet for many reasons not devoid of 
interest in the history of architecture. They belong however to a 
non-Hellenic people, and have little affinity with the true Grecian 
architecture ; ont therefore will be noticed under a separate head. 
[Pevascic ARCHITECTURE. ] 

Without here entering upon an examination of the history of 
Grecian architecture, we may briefly observe that it is now generally 
admitted that, although in its ultimate development it is beyond dis- 
pute the creation of the Hellenic mind, the germs of it were derived 
from the architecture of older nations: its grander elements and more 
solid proportions from Egypt; its lighter characteristics and more 
ornate features from Asia. The great distinction of Grecian archi- 
tecture lies in its orders: these are the Doric, Ionic, and Corinthian. 
Of these the Doric is the oldest, and it is noteworthy not only that in 
the oldest known example, a temple at Corinth of the 7th century, B.c., 
are the proportions far more massive and the whole more pervaded by 
Egyptian feeling than in later temples, but that there still exists a 
tomb at Beni Hassan in Nubia, supposed to be of the age of Rameses IL, 
at the entrance of which are two fluted columns clearly the prototypes 
of the Grecian Doric; while, as Sir G. Wilkinson has shown (‘ Ancient 
Eayptians,’ vol. ii. p. 125, and Plate vii.), the characteristic Doric fret 

ler was also a common Egyptian ornament. The more 

Ionic order, on the other hand, may clearly be traced to Asia. As 
Mr. Fergusson has pointed out, there occur in the ruins of Persepolis 
several columns which have the Ionic volutes, but placed vertically 
instead of horizontally. On slabs found in Khorsabad by M. Botta, 
however, and in others brought from the same locality, and now in 
the British Museum, are sculptured representations of buildings with 
columns crowned with volutes precisely as in the Greek Ionic. The 
Tonic guilloche ornament is also found both at Persepolis and Khorsa- 
bad. The latest of the three Greek orders, the Corinthian, is equally 
a derived one with the others. As was shown in the article Cotumy, 
the bell of the Corinthian capital of the temple of Apollo at Basse, 
near Phigaleia, closely resembles the Egyptian capitals placed along- 
side it; and in one of the two remaining Corinthian buildings in Greece, 
the Tower of the Winds, at Athens, there are no volutes to the capitals, 
and the leaves of water-lilies adhere, as in Egyptian examples, close to 
the bell. 

But if the architecture of the Greeks, like that of every other people, 
was derived rather than invented, all that gave to it its life and power 
is its own. The exquisite feeling for beauty of proportion, majestic 


simplicity of form, truth and purity of expression, and perfect adapta- 
tion to its oe ae) all those higher constructive and etic hoe 
in short, which place it so far above the architecture of other 


countries, only Greece can lay claim to. 

The religious edifices of a people are nearly always the surest indica- 
tion of the state of their architectural tastes and ability, Fortunatel 
perhaps thetemples arealmost the only buildings of ancient Greece whi 
have come down to the present day in a sufficiently uninjured condition 
to permit of our forming a fair estimate of them. The oldest left is 
believed to have been built about the middle of the 7th century, B. 0. ; 
one or two others are of the 6th century, but the finer examples 
belong to the 5th and 4th centuries, B.c, The classes, forms, and 
architectural character of the temples will be described under that 
title. [Temrie.] The public buildings devoted to secular purposes of 
which any remains exist consist chiefly of theatres, agora, thermm, &c., 
and these too are noticed elsewhere. [Turatre; Forum; Batu, &e.] 
Of the palatial residences and private houses, only imperfect written 
descriptions are left. One or two small monuments however, as the 
Choragic Monument of Lysicrates, and the Tower of the Winds— 
both comparatively late works and both Corinthian in style—remain as 


proofs of the exquisite taste and skill which the Greeks could exert on 
their less es secular structures, mM 

Greek See are Se 
arcuated. Whether the Greeks were acquainted with the arch or not, 
they did not employ it in their public buildings, The great construc- 
tive feature is the beam. Greek architecture consequently is essentially 
horizontal in principle : its primary lines are horizontal, its secondary 
vertical. Hence stability, solidity, are its constant characteristics. 


Yet though rectilinear in appearance it is not strictly so in fact. So 
sensitive was the Greek eye to the slightest devi from 
beauty of expression, that the architects resorted to a si ly 


refined contrivance to overcome an optical illusion so small no 
other people probably would ever have noticed it. Right lines when 
protracted far above or on either side of the spectator no longer seem 
perfectly = Coaluiating’ ight Thoon andlipeee momo with the laws of 
perspective. Contrasting t lines, and even contrasts of light and 
shade in like manner cause an a) of deflection. To remedy 
these and other corresponding effects, it has been recently found that 
not only did the Greeks, as has long been known, give their columns a 
slight entasis, or swell near the middle, but they made the boundary 
line a delicate parabolic curve ; and instead of placing the axes of the 
columns as was always supposed quite vertical, they inclined them in 
a small “measure inwards, They ve to the pavements on which 
the columns rested, and the steps of their temples, a minutely convex 
character, the rise in the centre being about three inches in a hundred 
feet. Further, the horizontal lines of the entablature were curved ina 
seer f correspondent manner, and other minor adjustments made, 
But these minute curves were executed with such exquisi 


‘Principles of Athenian Architecture,’ published by the Dilettanti 
Society in 1851. These refined optical corrections seem to have been 
always most perfectly developed in temples of the Doric order, but 
they are found more or less in most others, 

It is in Doric temples too that another artistic feature was 
most effectively developed, namely that of the introduction of sculp- 
tural ornamentation. In all Greek temples sculptured ornament was 
freely introduced, but in the nobler Doric temples it appears in its 

perfection. In the cella were introduced friezes in low relief ; 
in the metopes alti-relievi, and in the tympanum of the pediment 


statues entirely detached. And that these were, at least in some — 


instances, the masterworks of the sculptor’s art we have evidence in 
those marvellous reliques which once adorned the Parthenon, and are 
now the glory of the British Museum (Ex:cry Marsters], while that 
their adjustment to their respective places was the result of a perfect 
knowledge of sculpturesque effect may be seen by a reference to the 
article ALTO-RELIEVO. 

The polychromatic decoration of the temples will be spoken of 
elsewhere. [PoLycuromy.] 

The three Greek orders characterise three periods in Grecian 
architecture much as the three styles of Pointed Gothic characterise 
three important phases in English architecture. Doric, the oldest, 
coeepcot in seniority and character to our First Pointed, the 
true English Doric, is marked by a sober deur and simple bps 
he Ionic, which follows 


yet withal is preeminently beautiful. 

order of time, more graceful, easy, and flowing in style, corresponds 
not inaptly to our Second Pointed or Decorated. While the luxuriant 
Corinthian, the product of the Jater years of Greek art, and the herald 
of its decline, finds its parallel in our florid Third Pointed or Perpen- 
dicular, [Gormto Ancurrecrure.] But in one respect there was a 
broad difference. The Gothic of either class was the exclusive style of 
its The Decorated did not tolerate the Early English, nor the 
Perpendicular the Decorated, The Greek forders, though they were 
the product of different ages continued to flourish contentedly together. 
Ionic did not suppress Doric nor Corinthian Ionic, but the elder and 
the younger simultaneously filled the places for which each seemed 
most fitted. 

Before noticing somewhat more in detail the orders of Grecian 
architecture, it is necessary to explain that what is termed an Order 
consists of two principal divisions, the Column and the Entablature—i. ¢., 
the upright support and the horizontal mass supported by it. The 
Column is again divided into Base, Shaft, and Capital ( t in the 
Doric order, where the shaft rests immediately upon the flooring.) The 
Entablature is also divided into three the Architrave, or 
which ta further tinguished , ied ither to the Doric, the oni 
which is further distingui as belo’ e e Doric, the c, 
or the Corinthian style, according to certain general proportions and 
characteristic embellishments. e scale for the proportions—that is, 
not the actual but the relative dimensions of the different com- 
pared with each other—is taken from the lower diameter the shaft 


constitute the Order; | 
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of the column, which is divided into two modules or ‘sixty minutes. 
Modern systematisers, who have laid great stress upon proportions, 
have, contrary to the practice of the Greeks themselves, attempted to 
fix certain invariable proportions for each order; and some have 
maintained that by them, quite as much as by peculiarities of detail 
and embellishment, the character of an order is determined. In regard 
to proportions, however, even greater discrepancy is found between 
different examples of the same order, than between two distinct orders. 
We must therefore attend to certain indicial features and marks by 
which the particular order may be immediately recognised ; thus the 
absence of base or mouldings at the bottom of the column, the plain 
capital composed of merely an echinus and abacus, and a triglyphed 
frieze, enable us to pronounce at once that the order is the Doric. In 
like manner the voluted capital, or the foliaged one, as distinctly 
denotes that it is either Ionic or Corinthian. In regard to the two 
last-mentioned, the principal distinction between them is confined to 
the capital; there being no other determinate difference between the 
columns or the entablatures of the one or the other. Were we to 
see only the shaft of the column, we should be able to decide from 


that alone whether it were Doric or not; the flutings peculiar to that 
order being broad and shallow, and forming sharp ridges or arrises on 
the circumference of the shafts; whereas in the other two they are 
narrower and deeper, rounded at their extremities, and divided from 
each other by fillets or spaces left between the channels on the surface 
of the shaft. In like manner were we to see the fragment of an 
architrave, we could pronounce with tolerable certainty whether it 
was Doric or not; although in the latter case not quite so clearly 
whether it was Ionic or Corinthian. The Doric architrave consists of 
a single plain face surmounted by a broad fillet, here termed the 
tenia, to which another fillet with small cylindrical gutte or drops is 
attached beneath each triglyph; but the architraves of the other two 
orders are divided into (generally) three faces or facie, slightly pro- 
jecting one above the other, and crowned. by curved mouldings, 
sometimes plain, but more frequently enriched. By attending to these 
few simple and obvious distinctions, no one can feel any difficulty in 
ascertaining the particular order to which a building belongs. Illus- 
trations are given of the details of the entablatures of the several 
orders under CoLumn. 
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Peristyle of the Parthenon. 


Dorie Order.—In attentively examining the Grecian Doric, we can 
hardly fail to note what admirable taste and study of effect it exhibits 


‘throughout, and how every part is made to conduce to the character of 


the whole. The columns are of short proportions, the entablature 
deep; the former have no bases, which, owing to the narrowness of 
the inter-columns, would have proved highly inconvenient, and 
instead of producing an air of finish would rather have occasioned 
heaviness. The proportions themselves are such as to reject any 
addition of that kind at the lower extremity of the column, because 
the difference between the upper and lower diameter—which, owing to 
the shortness of the shaft, occasions so visible an inclination as to 
produce the effect of tapering upwards—causes it also to appear to 
spread out below in such manner that the lower extremity becomes a 
sufficiently wide basis, This inclination is further rendered more 
apparent than it would be by the outline alone of the column, owing 
to the lines being repeated in the fluting. The fluting, while it 
diminishes the heaviness, produces great variety of light and shade in 
every direction; and the mode of fluting peculiar to this order is 
admirably in unison with the expression of all the rest, the channels 
being wide and shallow, and separated from each other by mere ridges 
on the surface; both which circumstances contribute to that breadth 
and simplicity which pervade the other parts. No less appropriate 
and well imagined is the capital, which consists of little more than an 
echinus and deep square abacus above it; the former expanding itself 
out from the neck, or upper part of the column, until its diameter 
becomes equal to that of the foot of the column: in reality, it is 
something greater, but not more so than is requisite to counteract the 
apparent diminution caused by the greater distance from the eye. 

hus harmony is kept up between both extremities of the column, 
vertigality is restored, the projection above (as in the case of the 
sloping wall and coved cornice of Egyptian structures) is made to 
restore perpendicularity by adding just as much as had been taken 
away by the diminution of the shaft upwards, and a play, variety, and 
contrast are produced, unattainable by any other mode, 

The architrave is plain and deep, well proportioned both as to the 
weight which it has to bear and to the column below, its average 
height being equal to the upper diameter or narrowest part of the 
column. The width of its soffit, or under side, is about a medium 
between the two extreme diameters, so that it overhangs the upper 
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part of the shaft; yet it is not so broad as the abacus of the capital, 
which by opposing a greater surface to it appears better calculated to 


The Parthenon, 


support its pressure. The frieze is generally of the same dimensions 
as the architrave, very rarely deeper, in some examples not so deep. 
The triglyphs which decorate it, and are peculiar to the order itself, 
are upright, slightly projecting tablets (in width rather more than half 
the lower diameter), channelled with two grooves or glyphs (yAv¢al), 
and with a half groove chamfering off each of its outer edges. The 
spaces between these ornaments, which were originally intended to 
represent the extremities of the beams (whether stone or timber) 


resting upon the architraye and forming the inner roof or ceiling are 
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uare, or nearly so, and are distinguished by the name of metopes| A list of the principal Doric temples is given under CoLumn ; as 
rene: Le a Ae or intervals. They Pas in fact #0 many small | convenient ical examples of this order, where the reader may 
panels, and were generally filled with sculpture in bas-relief, although | study] its character, and learn to distinguish, in b , the 
there is hardly an instance of the kind in any of the numerous | various members and seven sa here pointed out, not, be it re- 
modern imitations of the Greek Doric. Beneath each trigh is a | membered, as faithful illustrations of the}esthetic ~ ad of Grecian 
series of small , or cylindrical drops, attached to a t, just | Doric—we refer to the entrance to the North-Western Rail 
under the moi of the architrave, to which division of the | Terminus, Euston Square, and the Corn- Mark Lane, in w 
entablature they may be said to belong, although evidently a con- | latter the frieze is decorated with wreaths instead of in 
tinuation of the ornaments on the frieze. Some suppose them to have | the monument of Thrasyllus at Athens—and consequently the spaces 
been intended to represent nails, others drops of water running down | between them cannot be called —— 
the channels of the triglyphs and settling beneath them; be that} In the Jonic Order the column widely from that of the Doric, 
as it may, they certainly contribute in no small degree to architectonic | not only in the form of its capital, and in having a base, but in the 
expression and effect, inasmuch as they break the’ monotony of line, | contour of its shaft and the mode of fluting, it being more slender and 
and by extending some ornament to the architrave bring it into | not tapering so suddenly, The base is generally that termed the Attio- 
harmony with the frieze, The space between one triglyph and another | base, composed of two tori, or convex rings, with a concave moulding, 
being regulated by the height of the frieze, since each interval or | the scotia, between them; for as the Doric character demands plane 
metope forms a square, this circumstance also regulates the intercolum- | surfaces and lines, so does the Ionic ret mouldings and 
niation, or distances at which the columns are placed; because as | contours, as harmonising with the curved of the volutes of the 
there must be a triglyph over every column, there cannot be nfiore | capitals. To prevent the harshness which would result, if the mould- 
than one triglyph over each intercolumn, unless the latter be increased | ings forming the base jutted out abruptly from the lower end of the 
to the extent of another triglyph and metope; that is, made half as |'shaft, the latter is made to spread out immediately above the 
wide again. Consequently there are hardly ay eons of more | base in a sweeping curve, termed phyge. The number of 
than monotriglyphic intercolumniation (that is, with more than a single | the flutings of the shaft is increased from twenty to twenty-four; 
triglyph over each intercolumn) in Grecian buildings, except when the | besides which there are spaces left between them (fillets) ; for the mere 


centre intercolumn is made wider than the others, VE a the Propylwa 
at Athens, where a dit hic arrangement is em 

Like every other pip fm order, the Dorie cornice is com of 
few and bold parts; it consists of little more than a corona (the pro- 
jecting and principal member in every cornice), finished above by one 
or two simple mouldings, and having attached to its soffit a series of 
shallow plates or tablets, studded with gutte. These are termed 
mutules, and are the peculiar distinctive marks of the Doric cornice, in 
like manner as dentils are of the Ionic, and modillions of the Corin- 
thian. They may be considered as being to the cornice what the 
triglyphs are to the frieze, and there is one corresponding to each 
metope as well as each triglyph ; which produces a beautiful gradation 
of parts, for as there is an additional triglyph between every column, 
so is there an additional mutule between every triglyph; whereas, 
were there no more triglyphs than columns, and no more mutules than 
triglyphs, the effect would be both monotonous and poor, and these 
different features would be confined to distinet lines from top to 
bottom. The average height of the entablatureis about two diameters, 
or one-fourth of the whole order, taking the height of the column at 
six diameters. 

The sloping or raking cornices of the pediment resemble the hori- 
zontal one, except that there the mutules are omitted. In order, 
however, to give increased depth and importance to the pediment, as 
the finish of the whole structure, its cornices have an .additional 
member, termed by some the epitithedas, consisting of an oyolo, or 
convex moulding, or a cymatium; sometimes deeper, sometimes 
shallower. This epitithedas was continued a little way at the angles, 
where it usually terminated against a block, carved with a lion’s head, 
or some other ornament. The face of the pediment itself, termed the 
tympanum (called by the Greeks éerds, dérwpa), was almost always 
filled with sculpture. The pediment was invariably of a low pitch, 
but not always of the same pitch ; on the contrary, whatever the span 
might be, its height continued nearly the same, it being more or less 
acute, in proportion as the portico was narrow or : its average 


Front Elevation of the Temple of Agina, as restored, 


height was equal to that of the entablature, and either a little 
diminished or increased according to circumstances, but sre an 
entab! 


so much as to render the tympanum deeper than the ture. 
The accompanying cut showing the portico of the Doric temple of 
Athene at as restored, will illustrate many of the leading cha- 
racteristics of the Doric style as here pointed out, 


arrises or edges, peculiar to the Dorie or earliest mode of fluti 

would be uti at variance with the rounded contours of the 

and capital. channels themselves thus multiplied and 

apes from each other, are prima ua. much narrower than those 
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ther order, and considera r in proportion to 
breadth; ‘and instead. of termivatitg ty hatish curren their extremi-— 
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ties are made the half of a circle, or an : all which 
contribute to uniform delicacy of e d 
too, that the upper torus of base was fluted beige ry 


ites, a 
diameter and a half, or 90 minutes; which breadth is divided nto 


Immediatel: ny beeen this part of the capital is a carved 

because cut into the form of eggs), and lesser mouldi The idea of 
et iaeaisdeeen 

ornamental mass between the echinus and abacus of the earlier 


shaped 
capital, and rolling up its deep projecting extremities into volutes, 


Besides the capital (properly so speaking, where additional richness 


was required, and also increased height for the column, without much — 


ine: that of the shaft), a necking, enriched with sculpture, and 
pearl from the shaft by a carved convex moulding, was introduced, 
The abacus is square in plan, and its sides form a cyma reversa, or ogee 
moulding, either carved or plain, according as the capital itself is more 
or less enriched,. But the ,capital itself, at least that of it 
occupied by the volutes, is not so deep on its sides as on the two faces; 
the reason for which is obvious, because either those faces must have 
been much narrower, or if this part formed a aq 
a diameter and a half, it would overhang the upper parts of the shaft, 
and project beyond the architrave in a most unsightly manner, The 
baluster = veh the ree * they are seemed, are, for the npr) Pons 
elegance and lightness, hollowed out so as to assume something 1e 
appearance of two tubes or horns, whose broader extremities or mouths 
come against the back of the volutes, The capitals at the angles of a 
co are frequently differently arranged, since, in order to obtain a 


on the return to that in front, the outer volute is turned 
diagonally, so as to serve for both faces; a mode ado; for all the 
capitals, without distinction, by many Italian archi The arehi- 
trave is divided into three nearly equal faciw, projecting very slightly 
one over the other, and crowned by a cyma recta mo , carved or 
| rc the rest happens to be more or less enriched, The caryatid 
gures, which in some buildings of this order supply the place of 


ae are noticed under poms ny : : 

e cornice in Athenian examples neg ly simple, consisting 
only of two mouldings beneath the corona, the uppermost 
within the hollowed soffit of that member; nor do dentils, which are 
generally reckoned the distingui marks of the Ionic cornice, 
appear to have been used, except by the Asiatic Greeks, Consequently, 
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the frieze be enriched with sculpture, so as along with the 
cornice te produce a rich ornamental mass above the architrave, not 
only is the cornice apt to appear meagre, but the whole entablature to 
look cold and naked, even plainer than that of the Doric order, and to 
but a pleasing contrast to the elegant richness of the 


it. 

SPREE hes throaty bom ald tn regard 40 tha pedtnetet wit suffice for 
this order likewise, there being no other difference than what is occa- 
sioned by the cornices themselves. But having thus far explained the 
two chief Greek orders or styles of columns, in regard to eolumns and 
entablatures, we now proceed to notice what in certain situations are 
employed as adequate to, or substitutes for, columns, namely, ante, 
or pilasters. In Italian architecture, pilasters are very frequently 
pe gr in lieu of columns, or are against a wall to correspond 
ith a range of columns in front of it; their bases and capitals, too, 
are made to correspond with those of the columns, as far as the 
difference between a square and circular plan will allow. The Greeks, 
on the contrary, never employed ante, except at an angle or the ex- 
tremity of a wall; and instead of aiming at perfect similarity, they 
ve to such pilasters, bases and antz-caps, dissimilar from 
columns; neither did they diminish them, but made 
ie same width above and low, which width was deter- 
that of the soffit of the architrave, and was therefore some- 
than the lower diameter of the column, but greater than the 
, Since both in the Dorie and Ionic the architrave overhangs 
oy dla cdot? Thus they kept the ant# and columns 
in character, thereby producing variety and contrast 
inj to consistency. Sometimes the Doric anta has a 
moulding and groove at its foot, which seems requisite 
detach it from the wall, whereas the plain foot of the column 
resting on the pavement or steps defines itself to the eye quite suffi- 
ciently. The Doric anta-cap is very simple, and its abacus and other 

pace much narrower than those of the column-capital. 
Although more ornate than those of the Doric, Ionic antez-caps 
differ still more than the others do from the capitals of their respective 


if 
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exceedingly 
80 tea 6d 
mistake them, or attribute them to any other order. Between the bases 


base of the column, the under one is also enriched, but by reeding 
or convex mouldings. There is also an additional concave sweep 
placed beneath the torus. It is further to be observed, that 
ante are never fluted, as is generally the case with Roman and Italian 
whenever the columns are so, and consequently a stronger 

ion is kept up between the ante and the columns. 
In the above sketch of this order we have merely pointed out in a 


general manner the leading characteristics, without ing notice of 
the very numerous varieties, since hardly any two examples are per- 
fectly alike, and some are i issimilar from any other. One of 


Phigaleia, 
? 
different from the Attic one, is of great diameter compared 
with the shaft, which spreads down to it with a sudden sweep; 
trot less — is the style of the fluting, the channels being very 
road and low, and the fillets very narrow, while the extremities of 
the channel are hardly curved at all, so that it seems but the first 
remove from Doric fluting. The capital is still more extraordinary, 
inasmuch as there ate four voluted faces; at least there would be, 
if the columns were not attached to projecting piers. In order to 
effect this the faces are made concave, so that the volutes turn out 
towards the angles, and are placed at only half the usual distance from 
er, so as to reduce still more the width of each face, else, as 
ly been reeegg Doma ee being square, it would be too 
the column. Inits this capital is so plain that it looks 
like one of the earliest essays at a voluted capital ; nor is it 
‘ t at first the was to make such capitals perfectly 
the Doric abacus, and to uce four uniform voluted faces, 
Cotumn will be found a list of the cipal Grecian Ionic 
One of the best modern Athenian Ionic is the 
of St. Pancras’ church, London, by Mr. Inwood, a well-finished 
order, that of the 
ium. On the lateral porches at the eastern end he has given an 
eee entablature after the small 
pallding called the , attached to one angle of the Erech- 
les of the Ionic order in the metropolis 
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Order.—Though the small structure at Athens, called 

the Ch Monument of Lysicrates, furnishes one of the most ex- 


te’ examples of the Corinthian or foliaged-capital ord 
Seal tet teenervel to us, it is almost a soli dctent Instance 


of the application of it by the Greeks; since the capitals of the small 
columns of the Tower of the Winds, have merely a single row of 
acanthus leaves at bottom. It is true that some cent edifices 


belonging to this order, such as the Temple of Jupiter Olympius 


. 
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at Athens, were erected in Greece ; but they belong to a later period, 
after the order had been extensively employed by the Romans, who 
must be ed as having brought it to perfection as a distinct 
style. That the order was derived in the first instance from Egypt 
we have already seen ; eventually the Greeks added the Ionic volute, 
and produced a composite order entirely theireown. In the Tower 
of the Winds, at Athens, the height of the column is little more than 
eight, in the Monument of Lysicrates it is nearly ten, diameters. 
(Corumy.] In the former example, as we have seeu, there are no volutes, 
and the upper row of leaves are those of the water lily. But the Lysi- 
crates and later capitals are composed of two rows of acanthus leaves 
[Acanruus], those of the upper row springing up from between the 
lower ones; and from the sides of the centre-leaf spring out other 
leaves, whence emerge the helices or spirals, placed diagonally to 
support the extremities of the abacus, besides lesser spirals which 
meet, and sometimes intertwine each other above each middle leaf. 
The abacus itself, which is peculiar to this order, may be described as 
Square in its general plan, but having its sides made somewhat con- 
cave, so as to curve out towards the angles, yet not overhang the body 
of the capital. The Corinthian entablature differs little from that of 
the Ionic, except in the cornice being made richer and deeper, and the 
number of its members being increased, in order to harmonise with 
the deeper capital of the columns, One of the features peculiar to it is 
the series of modillions or small brackets supporting the corona. We 
have mentioned the two Athenian examples of this order. In the 
metropolis most Corinthian capitals are Roman. But an imitation of the 
Temple of Lysicrates occurs oddly placed on the church of St. Philip, 
Regent Street, to serve as a belfry; and a careful restoration of it may 
be seen in the Crystal Palace, at Sydenham. 

For all that concerns the plans of Grecian temples, their peculiarities 
of construction, and the terms employed to express their varieties, as 
designated from the number and position of the columns, we must 
refer the reader to the articles Tempix, and Portico; but it will be 
more convenient here to explain some points in the arrangement of 
columns, and other matters which are distinctive of Greek architecture. 

In regard to Intercolumniation, or the distances at which columns 
are placed from each other, and upon which so much of their effect 
depends, it has already been mentioned that in the Dorie order this is 
regulated by the triglyphs, and that monotriglyphic intercolumniation 
may be considered as the extreme of —— (thickly set), as it-will 
sometimes occasion the columns to be less than a diameter and a half 
apart, the limits assigned to pycnostyle. But this of course depends 
upon the proportion which the metopes and triglyphs bear to the lower 
diameter of the columns. That such very close arrangement should 
be employed for the most solid of the orders, would almost appear an 
incongruity ; yet it should be observed that in reality this arrangement 
is not so close as it appears to be when expressed by the proportion 
which the foot of the column bears to the intercolumn, because the 
shafts taper so much that what would be an inter-column of less than 
a diameter and a half below, would be two of the upper diameters, or 
more, above. The second mode is termed systyle, or two diameters 
apart; the third ewstyle, or two anda quarter; the fourth diastyle, or 
three diameters; and, lastly, arwostyle, or four or more diameters. 
But the precise spaces thus defined do not seem to have been adhered 
to; and the Greeks, who appear never to have worked according 
to fixed rules, although precise rules have been since laid down 
from their works, seem to have allowed themselves any intermediate 
interval from a diameter and a quarter to two diameters, which they 
rarely exceeded, except when particular circumstances required it, and 
when the columns themselves were so small, that had they not been 
more than two diameters apart, the intercolumns would have been 
inconveniently narrow. When the columns are pycnostyle or less than 
two diameters apart, they produce richness not only by their increased 
number in a given space, but also owing to their being forcibly relieved 
by the increased depth of shadow behind them. 

So far from employing pedestals to columns, which some have con- 
sidered as forming as essential a part of an order as the entablature, 
the Greeks placed their columns immediately on the floor, or upper- 
most step; the whole temple being generally raised on a low platform, 
to which the ascent was usually by three deep steps, or gradini, serving 
as a base to the edifice, The depth of the steps was not accommodated 
to the human stature, but regulated so as to accord with the dimensions 
of the column : it has, therefore, been conjectured, that either a sloping 
platform of wood, or lesser steps of the same material, were employed 
as the real ascent to the temple. The Greeks invariably placed their 
columns singly, never in pairs, a8 has frequently been done by modern 

and which, if not indefensible, ought never to be resorted 
to, unless required by positive necessity, Of engaged columns,—that 
is, columns half or uarters of a circle in plan, and placed 
against a wall as if built into it,—there are so very few instances in 
Grecian architecture, that they are to be considered merely as exceptions. 
One such authority for the use of half-columns occurs in the west front 
of the triple temple, or Erechtheium, at Athens [see plan under Erecu- 
tHEIUM]. In the Italian or Palladian school, they prevail almost to the 
exclusion of insulated columns, Yet not only is much of the effect of 
the columns themselves lost, but also that of light and shade. But if 
something like the authority of the Greeks themselves can be pleaded 
in support of engaged columns, it cannot be adduced as countenancing 
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a barbariem to which that practice and the employment of wide inter- 
columns gave rise, namely, that of making a break in the entablature 
above every column, and thereby destro the continuous horizontal 
line of that part of the order, and carrying the vertical ones up into it. 
Another practice, not observed in any extant Greek building,® is that 
of supercolumniation, or the placing one order upon another, sometimes 
even to the extent of three or more; the diameter of the columns 
decreasing, and of course the width of the intercolumns increasing as 
they ascend. Inigo Jones's building called the Banqueting House, 
at Whitehall, affords an example of supercolumniation, together with 
one of engaged columns and broken entablatures. 

Although the name itself would seem to show the contrary, Grecian 
architecture affords no precedent for what is termed an Attic order,— 
that is, a series of dwarf pilasters crowned by a cornice; and balus- 

, also, are of modern invention. [Artrc.] The only thing of 
the kind in ancient examples, and that of exceedingly rare occurrence, 
is a low and plain unbroken podium, or parapet; that is, without 
pilasters or other projections, above the cornice of a building. Far 
from attempting to conceal the roofs of their temples, the Greeks not 
only made them very conspicuous in the outline of the pediments, but 
bestowed much decoration on them, ornamenting the ridges and tiles, 
and placing a series of antefice, or enriched front tiles, above the cor- 
nice along the sides of the building. This species of embellishment 
has been adopted in the church of St. Pancras, which structure also 
affords correct specimens of Grecian doors and windows. The latter, 
which are copied from those of the Temple of Minerva Polias, forming 
the western portion of the Erechtheium, are almost the sole extant 
type in Grecian architecture for such apertures. They are surrounded 
by a moulded architrave, and the jambs incline towards each other, so 
that the aperture of the window is somewhat narrower at the top than 
at bottom. This peculiarity may have arisen from the difficulty of | 
procuring single stones for the lintel or upper architrave wide enough 
to extend over an aperture equal to the sill of the window ; yet it may 
also have been adopted entirely as a matter of taste, with the view of 
both producing a contrast between the sloping outline of the windows, 
and the vertical lines of the walls and ante; and an accordance with 
the tapering form of the columns, What serves to countenance this 
last idea is, that we find the same principle observed here as in the 
column itself, namely, that of restoring at the summit what had been 
lost by diminution upwards ; for as the capital spreads out as wide as 
the base of the column, so is the upper horizontal lintel made as wide 
as the sill of the window, by means of a break towards the top of the 
side architraves (technically called a knee), so that the architrave 
expands there to the width of the sill. 

The doorways of Grecian temples were made lofty and spacious, not 
only for the sake of rendering them important architectural features, 
but also because the light was admitted into the cella, or interior fane, 
usually of small dimensions compared with the general structure, 
through the entrance. The doorway is often inclined inwards, or con- 
tracted at the top; it has also a peculiar lintel or top-stone, with 
moulding running round it and meeting the ends of the architrayes, 
and forming two elbows, thus :— 


a 


Neat 


* Greek lintel head, showing the manner in which the architravye moulding is 
formed round it. 


The mouldings of the architraves are delicately formed, and deco- 
rated with ornaments, and a frieze and cornice supported on consoles 
are sometimes added. The decorations of the Erechtheium doorway 
are very rich, but the size of our cut udes the possibility of giving 
them. This doorway is copied in the central doorway of St. Pancras 
Church. There was never more than one doorway within the portico 
or pronaos of a Greek temple. We have no example of the form and 
construction of a Greek door. 

GREEK ARCHITECTURE. [Grecian Ancurrecrorr.] 

GREEK CHURCH. The Greek or Eastern Church is that part of 
Christendom which, founded, as is said, by St. Mark in Alexandria, 
about a.p. 60, separated from the Roman or Western Church in the 
9th century. Even previously to that epoch there were several dis- 
sensions between the patriarchs of Constantinople and the popes of 
Rome, who claimed a supremacy over all the churches of Christendom; 
but the decided breach feterens the two churches dates from the year 
862, under the patriarch Photius. The extension of the Greek Church 
by the conversion of the Bulgarians and some other Sclavonian nations 
excited the jealousy of the popes, who, moreover, having found a new 
support in the establishment of the Franko-Roman empire, began to 
act with more boldness against the emperors of Constantinople. 


* The temple of Athena Alea, at Togea, built about 383, n.c., by Scopas, 
had, in the interior, a Corinthian (xé¢jc0¢ Kogi6ses) imposed upon a Doric ordcr. 
The exterior columns were lonic. (Pauran., ‘ Arcad,,’ c. 45.) In this passage 
the word xé¢ues (kosmos) corresponds to the modern word Ordor, 


Photius reproached the Western Church with the wanton 
the word “ Filioque” (‘and the son”) to the words “ I believe in the 
aay Ghost, the Lord and giver of life, who proceedeth from the 
er,” contained in the Nicene and which he declared to be 
an antiscriptural doctrine, He them, 
introduced several innovations to the 
m of the 
anointment, with the chrisma (confirmation), and the fastings’on Satur- 
bishops in considering 
dom, and treating the Greek pa 
final separation, however, of the Eastern from the Western Church did 
not take place till 1054, under the i Michael Cerularius, ve 
in addition to the matters alleged by Photius, attacked the Latins for ~ 
using unleavened bread at the communion, and for the profl of 
their clergy, &c., for which he was excommunicated by Pope Leo IX. 
The attempts at uniting the two churches, which were either by 
the popes, in order to extend their dominion over the East, or by the 
emperors of Constantinople, who, being pressed by the Mo a 
sought assistance from the Western powers, failed g 


a 
—_ 


the pride and interested motives of the leaders of the parties, 
While Roman Catholicism was gradually develo itself under 
Gregorius VII. and his followers, as well as by the the scholastic 


philosophy, the Greek Church remained stationary in its isation as 
well as in its rules of doctrine, as laid down, 730, by Jon Dommaceaaaal r 
The capture of Constantinople by the Latins in 1204, and the 
oppression of the Greeks during their sway, were calculated to widen 
the breach between the two churches. Michael II. Paleologos, who 
expelled the Latins from Constantinople in 1261, was inclined to effect _ 
a union with Rome; and his ambassador, with some Greek 
devoted to him, acknowledged the su of the pope atthe council 
of Lyon (1274), and to confirm this acknowledgment, a synod was con- _ 
voked at Constantinople in 1277. But the bulk of the Greek Church 
being opposed to the measure, and the Pope Martin VI. having ee 
med By 


municated the Emperor Michael, from political motives 
separation from the Church of Rome was solemn] 
synods of Constantinople held in 1283 and 1285, e last at 
uniting the two churches was made by the Emperor Sohn VIL 
Palwologos, who, being driven to extremity by the Turks, came to — 
Italy, and, at the council of Florence, in 1438, acknowledged the supre- __ 
macy of the pope. The union was however not accepted either by the — 
Greek clergy or by the people; but the constant efforts of Rome to 
attain this great object ene, to Senen to her Greek 
as of various parts of the world, particularly in Pictoncd a 
rt) 

The Greek Church, like the Roman Catholic, acknow! adouble | 
foundation of faith—the Bible, and tradition. Under this ye 
lation it comprehends such doctrines as are supposed to have been — 
verbally taught by the apostles, and which were confirmed by the — 
Greek fathers of the Church, and by John Damascenus, as well as x 
the first seven CEcumenic councils of the Church (the Ist and 2nd of 
Nicwa, the Ist, 2nd, and 8rd of Constantinople, and those of Ephesus — 
‘snd Chaloodon}. _I¢ forbids the patriarch an’ the aynods to inteonennnaed 
any new dogma, but considers a full belief in those already established _ 
as indispensable to salvation. It maintains that the Holy Ghost pro- 
ceeds only from the Father, differing in that point from the Roman 
Catholic church, as well as from all Protestant churches, which admit 
the proceeding of the Holy Ghost from the Father and the Son 


(“ Filioque”). Like the Roman Catholic church, it admits seven 
sacraments: baptism; the chrisma; the communion, preceded by 
auricular confession ; tence ; priesthood ; matrimony; and extreme 
unction. But it di from Western church in the following _ 
points: 1. That , in order entirely to remove original sin, 
should be performed by immersion of the body three times in water; _ 


and that the chrisma, which it considers as the completion of baptism, 
should be administered at the same time. 2. Although it admits the 
doctrine of transubstantiation, it prescribes the communion of two 
kinds, which is administered with leavened bread ; and the wine, which _ 
is mixed with water, is not given from the cup as among the Pro- 
testants, but put by the priest with a small spoon into the mouth of 
the communicant. 3. It requires from the secular clergy, as a neces- 
sary condition for receiving ordination, marriage with a virgin; but a 
priest who loses his wife cannot marry again, nor can a person be 
ordained priest who has been married more than once, or who 
married a widow. It allows laymen to contract iage only 

times, and is very strict in regard to degrees of co ity ; and it 
also establishes, in addition to thie connection by blood, a spiritual — 
affinity between sponsor and god-child. 4. It ate no ry. 
Besides the above-mentioned important points, the Greek from — 
the Roman Church in several other matters of amall moment. Th 

for instance, it allows the anointing of the body with the chrisma, 

only to persons threatened with death, but to all sick asa 
means “3 restoring their health and ee ing the opevhe their sins, 
Although it admits no tory, it is customary with many ofits 
followers to give the d : a written testimony from the phat of 
his religious conduct, in order thereby to facilitate his entrance into 
paradise, This, however, is evidently a custom transmitted from the 
ancient Greeks, and it must be considered as a practice rather connived 


, 
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of carved images; but it permits and encourages paintings representing 
the Deity, the Holy Virgin, and saints. 

The followers of the Eastern Church are no less zealous than the 
Roman Catholics in invoking saints, particularly the Holy Virgin, and 
in their veneration of relics. Their fasts are much more numerous and 

of the Roman Catholics. Besides Wednesday and 
Friday in every week, they have four great fasts in the year : Lent, 


or the fast of 40 days before Easter; another fast which lasts from 
Trinity day to the feast of St. P and Paul, 29th of June; a third, 
“to the mother of God,” which inues from the Ist to the 15th of 


beginning at St. Philip's day, on the 15th of 
November, and ending at Christmas. : f 


liturgy consists in reading several 
passages of the Scriptures and a repetition of creeds and prayers, which 
the officiating priest begins and which are the congre- 
— Every congregation has a choir which sings psalms and hymns, 
ion takes no part in them. Instrumental music is 

entirely excluded from divine service. 
reek convents follow the strict rule of St. Basilius. The 
abbot of a Greek convent is called Hegumenos, and the abbess Hegu- 
mena; the abbots who superintend several convents have the title of 
ite, and rank next to bishops. All the high ecclesiastical 
dignities, as bishops, archbishops, and mi litans, are chosen from 
(he oho Teed sianegthe teres epee 
Protopapas, which is only one degree higher than that of an ordinary 


The Greek Church under the Turkish dominion 
entirely its ancient isati 
fi rate 
first, as the i 


“ 


almost 
. It is now governed by the patri 

ia, Antioch, Ga Sardinioen, 0 whom the 

r ides over the synods of 
of the above-mentioned patriarchs, 

well as twelve eminent Greek 


For an account of the festivals, ceremonies, liturgies, &c., see 


li 
‘History of the Kastern Church, by the Rev. John Mason Neale, M.A. 
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GREEN. -)] 
USE. A building in which small plants of a delicate 
exotic character are raised, without being exposed to the variations 


& 


. by surrounding the ual com- 
bustion, in the process of decomposition, may give out the necessary 
quantity of warmth.' 


the construction of greenhouses, to make three of the 
hang the frames so as to allow air to be 
also made of glass, and partially moveable. 
Care must be taken to conduct the waters of condensation in such a 


ould 
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‘» GRENADE, properly called -grenade, is a shell or hollow ball 
of iron, 2} inches in diameter, and about 3 Ibs. in weight, which, being 


latter within 25 yards of the crest of the is, Hand- 
grenades are ially useful in the defence of unflanked ditches, &c. 
As soon as composition in the fuse is consumed, the fire com- 


municates with the powder, and the ball is burst in fragments, 
Grenades were first used in 1594. 


Grenades have been made of glass, either with a fuse, or with four 
or five nipples distributed over the surface of the grenade. Percussion 
caps are placed on these nipples, which are exploded by the blow of 
the sh ing on the ground, and cause the ignition of the charge. 

GRENADI are the tallest and strongest men of a battalion ; 
they are embodied in one company, which is disposed at the head of 
the battalion when in column, and on the right flank when in line. 

In France, as early as the year 1667, four men, appointed during a 
siege to throw grenades into the covered way of a fortress, and to take 
the lead in an assault, were distributed in each company of that which 
was called the king’s regiment (infantry); and three years afterwards 
these men were formed into a separate company: subsequently every 
regiment in the French service had a company or two companies of 

iers, and the regi of guards had three : they were considered 
as the élite of the soldiery, being men of tried steadiness and valour. 
In 1676, the king of France instituted a company of cavalry designated 
horse-grenadiers, whose duty it was to repair roads previously to a march 
of the household troops. 

It is probable that men under the denomination of grenadiers 
formed part of an English army soon after the introduction of that 
class of soldiers into the French service; for, from a list of the com- 
missioned officers of the army in 1684, it appears that most of the 
regiments had ier companies. A corps of grenadiers was also 
attached to each of the three troops of horse-guards; in 1693 these 
were formed into a troop, and in 1702 another troop was added. 

The English foot-grenadiers were at first probably employed in duties 
similar to those of the corresponding troops in the Yeooah service : for, 
in a work on the ish military discipline (1686), they are said to 
be provided with muskets, swords, pouches to carry grenades, and 
hatchets : with these last, after firing and throwing their grenades, 
they were to cut down obstacles in order to enable the troops to rush 
on the enemy. 

The men in the first of the three regiments of foot-guards are now 
designated “Grenadier Guards,” and the Scots Greys constitute a 
regiment of horse-grenadiers ; in both of those regiments a high bear- 
skin cap is worn: but. the men forming the grenadier companies of 
regiments of the line wear the same kind of caps, and, except slight 
peculiarities in the ornaments of the coat and hat, they are clothed and 
armed like other infantry soldiers, 

GROOM, in old English, meant a servant in some mean station, a 
lad or lacquey who was sent on errands : and is said, by Kilian, to be 
derived from the Flemish grom,a boy. It answered to the French 
gargon, or perhaps gamin. At present, in common life, groom means 
a servant especial; iy attendant on thestable. Jamieson says the original 
word was gom, and that the letter r has been inserted only in English 
and Scotch. The German brautigam is the English bridegroom. 

In higher life, groom is the denomination of several officers or servants 
of the royal household, mostly in the lord chamberlain’s department : 
such as grooms in waiting, grooms of the t chamber, grooms of the 
privy chamber, groom of the robes or stole, and, in the lord steward’s 
d ent, groom of the almonry. : 

ere was formerly also, in the lord steward’s department, a 
porter, who is said to have succeeded to the office of master of the 
reyels, then disused. His business was to see the king’s lodging 
furnished with tables, chairs, stools, and firing; as also to provide cards, 
dice, &., and to decide disputes arising at cards, dice, bowling, &c. 

From allusions in some of Ben Jonson’s and Chapman’s plays, it 
appears that the groom-porter was formerly allowed to keep an open 
gambling-table at Christmas : it is mentioned as still existing in one of 
Lady Mary Wortley Montagu’s eclogues :— 

“* At the groom-porter’s batter’d bullies play.” 
Thursday, Ecl, 4, Dodsley’s Collect., i. 107. 


This abuse was removed in the reign of George III. Bray, in his 
account of the Lord of Misrule, in the ‘ Archmologia,’ vol, xviii., p. 317, 
says, George I. and II. sage hazard in public on certain days, attended 
by the groom-porter. appellation, however, is still kept up: the 
names of three m-porters occur among the inferior servants in the 

enumeration of Her Majesty’s household. 

GROUND-BASE, in music, a subject, consisting of very few bars, 
adopted as a base, and continually repeated during the whole move- 
ment, while the upper part, or parts, proceed at liberty. That the 
composers of the 17th century were proud of displaying their patience 
and industry by writing on subjects of this kind, we have bas | proofs 
remaining, one whereof, a chaconne by Purcell, which is. ly good 
as an example and as a composition, is given in Dr. Crotch’s‘ Specimens,’ 
vol. ii. p. 91. 

GROUND GRU. [Ics] 

GROUND TACKLE comprises anchor, cable, bitts, stoppers, wind- 
lass, and all the articles and appliances used in securing a ship at 
anchor, 

Enough for our purpose has been said of the anchor under its proper 
head [AncHor], to which we refer. 

That the whole subject claims attention, and is worthy of anxious 
investigation, may not only be gathered from a consideration of the 
disasters which have so lately strewn our coasts with wreck (too many 
of these wrecks arising from defects in ground tackle), but parliament 
has just received fayourably the application from Sir J. Elphinstone 
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a select committee “to inquire into the manufacture of anchors 
and chain cables for the merchant service,” and the motion was agreed 
to on the 2nd of February, 1860. 
The writer remembers the time when the chain cable had not sup- 
ted that of hemp. In those days, not half a cen distant, the 
est Indiaman, the} burdensome 
far-famed 


Professor Hodgkinson gives the tensile strength of wrought-iron as 
24 tons to the inch of section. aot Sop sechionel: sve ae | 
inch chain will be 3°98 square and therefore the maximum ® 


strain which such a chain is calculated to bear 


is 
tons, phot gearrrWhdripesen es eo Mr. Saxby in 1855 (see 
* Nautical Mag.’), whether the amount Gaaea 


and | ment were not the cause of frequent failure of a chain from over testing. 

dreaded roadstead, “the Downs,” on the Kentish coast, plunging to | It is significant that Sir J. El) has just stated in the House of 
the strain of a long scope of and “ coir” ving | Commons, that in the public machines at Liverpool 82 per cent, 
onwards through surge and surf to the point of mean tension, | of the chain-cables tried there had ! : 
from wi a huge sea occasionally hurled them ; the edasticity of the | A few considerations on the operation of a metal may be 
cables acting like a spring aguinst the sudden blow from a huge wave | useful. should we in Seana) © ee ; 
sufficient to sweep the decks and cause the ship to tremble. It is well é : 
to contrast this with the present system. At the time when the chain i a 8 
cable was an attractive the oldest pilots and seamen a 
were of opinion that its rigidity would in bad tear the bows - 
from a ship, even from the strongest. For years it was remarkable - 
that until ships were strengthened for the purpose, the capsizing of wih 
the windlass [Wrxpass] was a circumstance of more frequent occur- = 
rence ; and it was only when public attention was drawn by chain : 
makers to the fact, that the weight of the su chain itself, 4 
hanging in a curve, in some measure modified the shock of a sudden G 
tension, that the ship-owners consented to fit their ships with a cer- 4 
tainly more compact and more manageable cable, such as we have in q 
use at the present day. The liability of the old cables to be / 
2 Pores gal aptamer neers bg nes rire 083 

shipping. The necessity of anchoring in such unfavourable places 
might occur several times in york we of a long yovage, co keet yg.” i 
Would danger be incurred on ‘encks connsiont, bus Shere wae of | Tmagine the dots to be atoms en ed. Tt is 
a ship being compelled, owing to the loss of anchors, to pursue her | ¢h4¢ in all solids atoms are in appro ee ka mp , 
course destitute of the usual means of security. The ion of the equilibrium is produ among these atoms by innat , 1 
water upon hemp, and its being alternately exposed to the air and forces, attractive and repulsive. Let the circl — ace ; 
water, rendered in time the strongest cables rotten and insecure. The | dots ‘represent the limit of attraction for each atom while in equili- 
idea of substituting iron cables first occurred to M. Ville, Who | bum suppose, for example, such dots are the at eek i ‘ 
made a voyage round the world, an account of which was published in| jo. Tf we cast arrows Foes it during, say, an I ant 
1771. The idea was not taken up until 1808, when Mr. Slater, a ot ié find that if the arrows lave been j * i : 
surgeon in the navy, took out a patent for a chain-cable. Its merits adden serk tive bit Sel abet cinniver tie pect i pens et ae 
were not much valued until Capt. Brown, who had made experiments | , rows had been thrown by a slowly drawn force; and m rea 
with chain-cables which enabled him to form a just opinion of their | Shall find that the arrows in the former-ease will reach » more distaxt 
advantages, published the results, and thus directed the attention of object than in the latter; hence we infer that the bow will bear a 
naval men to their superiority. The Admiralty soon after ordered | wach strain with impunity in the first case than in the ,. 
them to be tried in the navy. “In! 1618; Mx. Brunton obtained s And thus it is with the testing of a chain-cable by the slow method in 
for farther improvements; and after the war he enjoyed a brevet for | i206, But to return to the bow; the common ph “losing ite 
importing chain-cables into France, but the advantages which he de- | eiasticit ” is very significant when applied to iron, which in this root 
rived from it were so small that he relinquished his privilege. differs from wood, the one being ductile, the other not; Pompe os ; 

Chain-cables are now furnished with bolts at the distance of 10 or | of wood bent so much as to draw its atoms farther apart than the . 
15 fathoms from each other, by withdrawing which a ship may slip | jnagi circles in fg. 6 permit, or to separate its atoms beyond the 
her anchor in case of necessity with less trouble than was formerly sen ak other's attraction, as shown at a, }, in fg. 6, } 
required in cutting a strong hempen cable. « broken,” wnless a restoration of position so sudden as to retard the 

Chain-cables are of various kinds, but one general description of re-arrangement which the distur of electric, or gal ae 
the mode of manufacture will suffice. The efficiency of a cable is | galorific agencies induce, is possible ; and in the pang T fore ti | 


dependent on two operations widely distinct, namely, the forging and 
the testing. For large chains a piece of iron bar, seldom larger than 
2} inches diameter, is cut to the length for a link, and is shaped 
in cutting like fig. 1. It is also d the cutting, and by meanis of a 
powerful revolving dise, bent into the form fig.2. It is then ready for 
the chain-emith, who is necessarily a well-skilled workman, who care- 
fully welds the two ends together, introdu at the time the cast- 
iron stud, fig. 3, the complete link having the form in fig. 4; other 
links are shut on to this in the same manner, until the ponderous 
chain, often of about 12 tons weight, is ready for the next process,— 
that of testing. The perfect welding of the two ends of the bar, is by 
all respectable anchor-smiths made a subject of pecuniary interest to 
the workmen themselves, since a failure in a link under testing involves 
to them loss of time and expense in replacement. 


1 


Ana 


id) 7 . 
Small vessels use a chain without a stud, the links are variously 
ioned to the thickness of the bar, the “ short link” having the 


of fig. 5. 

Prom the great care bestowed on the manufacture of chain-cables by 
such houses as Wood & Co., of Saltney, the Tyne Works, and others 
eminent inethe trade, it is doubtful if much improvement herein can 
be consistently for. Such firms haying their own testing-houses, 
givea with their best chains ; but the question arises 

Sar a second teating by public machines, such as at Liverpool, 


this ent is suj to commence when the tension amounts 
to about ten tons to the square inch of sectional area; and this can 
ore. hg cost of the metal’s so-called “ elasticity ;” 
changes in depending upon a med, Pee 
its atoms, by disturbance of electric currents made evident by the 
production of sensible magnetism, 
The iron thus becomes comparatively “ brittle,” and consequently | 
less able to resist. even the proof-strain which, in the first instance, it ‘ 
may have borne with safety. 
oes it not appear then that an iron chain cable, in’ being subjected 

Sos Sistnag Wa soadh tpl mecca inti 2 I 
, although we o ing “‘ permanently ” stretched b 

a strain of upwards of 10 tons, Gok bs tionty ondisionad. beans “; 


ication of a red heat has, in the well-known process of 


i ote Sip in.» sone Savane usually tries a cable - 


is checked by her ground-tackle 

me acy mo here ie Soi osnin Lena 

allay 0f, $8 chain (iy) net Sonrared Aas 

testing), together with the weight of the in suspension from the 

shock, gives the ship an onward impulse which lessens the shock of the 
aaikicues Callers balers 

the chain has time to partially recover its atomic equilibrium ; this 


vase yey 5° 

le, the following 
1, Is it correct to test a chain to an amount far beyond 10 tons to the 

inch sectional area? -* 
2. Should a chain ever be tested a second time? : 


i —_—— 


- GROUND TACKLE. 
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8. Would not a acting test be preferable to a prolonged tension, 
at present sustained often for upwards of a quarter of an hour ? 


Fig, 7. 
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Might not a chain after testing be annealed with advantage? 
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: i 
from the shock felt in “ bringing up” on first letting 
Is it reasonable to suj that a chain-cable manu- 
care to a strain of (say) 95 tons, 


could resist the violent sudden shock of a mass like a line-of-battle 


ship of 120 guns, absolutely weighing ing above 4000 tons, and in a state 
erie, patees ceiving 36 e rate of 6 or 7 miles: an hour, or 
upwards of 10 feet in a second ? 


We naturally, from this view of matters, turn to look in-board, in 


scrutinise the 


used in checking a cable under such cir- 


means 
cumstances. But there are none—positively none! The cable is secured 


firmly attached to the g of the ship 


of wood of huge scantling, or iron, and 


itself. It maybe 


supposed that veering, or letting more chain, is the remedy, but it 
han ita dangers alo fori ono tho chain rsist the means a i 
progress, it rushes with increasing force until, from ip acquiring 
Sparen nrmarncs int Saree Surioenly chesken Sy: She ch of the 
cable round the foot of the , and like packthread it parts, to the 
most lestruction of the ship. Another anchor may immedi- 
ately be let go, but its chain too pro! shares the same fate, 
+ Fig. 8. 
° m oe b 
3 Stopper lanyard 
c for securing 
chain, 
The stopper is 
shown as it ap- A 
Te een : 
ping the ¢' “s ap) 


« 
A simple remedy has been proposed, and is at least worthy of con- 


if, in addition, there 


- sideration. If a and 8 (in fig. 8) be two well-secured bitt-heads (they 
or 


be inserted at ca 


excentric stopper, such as is figured above (and which has been 


to 
Tages allow the friction of the chain along the of 


-lashed-open stopper itself to close a 


‘ - 
= 


nd nip the chain 


effectually, gradually or not as he might please. The nature of this 
admits of its being readily opened to veer away : indeed nothing 
yet known is likely to be so efficacious. [Wuryptass.] The stopper 
referred to is also peculiarly adapted for a position “ chock-forward ” 
near the hawse-pipe, for one placed there would prevent the fatal 
accidents which frequently happen from a capstan “running back” 
while weighing an anchor,in consequence of a sudden strain coming 
upon the cable. The stopper admits a chain or rope to pass through 
it in the direction of the arrow, but if the chain slip back it is imme- 
diately nipped by the excentric; and with a great improvement on 
“oe i sting feta Sy ane 2a ai 9 the curve rests 
on links of the chain, all others rest on one; and again in other 
stoppers a rushing chain can never be restrained with certainty, for in 
them, unless the link fall ‘accurately into the “ slot” prepared for it, it 
runs on, and even a twrn in the chain itself may cause this. ¢ 


(One side is removed to show the action upon the chain.) 


It is to Captain Thomas Brown, of the merchant navy, that we 
owe great improvements, so far as they go; but until some such 
additions as above suggested are made to existing means for working 
ground-tackle, the gales upon our coasts will yearly diminish the profits 
of the shipowner and underwriter, and hundreds of lives will be lost 
in the most frightful of all calamities, the total shipwreck. 

GROWING CROPS. [Emsiements.] 

GROYNE, a timber estacade, or masonry bank, carried out from 
the shore of a coast exposed to the action of a littoral current, for the 
purpose of arresting, as far as possible, the onward progress of the 

ingle transported by the current. If, indeed, the shingle were allowed 
to advance without impediment, it would itself, by the abrasion it would 
produce on the coast line, assist the encroachment of the sea; but the 
good effect of a series of groynes depends almost entirely upon their 
being eye so closely to one another that no counter eddy can be 
for on the opposite side to the advance of the current. 

Groynes are largely used upon the chalk shores of the British 
Channel, and u more yielding strata of the German Ocean, 
(Sza Derences. ‘ 

GRUS, the Crane, a constellation of the southern hemisphere, 
introduced by Bayer. It is situated between Eridanus and Sagittarius, 
a little below Piscis Australis. There are no stars of conspicuous 
brightness in this constellation. 

GRUYERE. [Cuexsr.] 

GUAIACENE, [Guatacyt.] 

GUAIACIC ACID, ects) 

GUAIACUM OFFICINA’‘LE, a tree, native of the West Indies, of 
which the wood and resin only are used in Britain, but the bark also 
on the continent, in medicine. The wood should be procured from 
the duramen, or central part of the trunk, as being the richest in the 
active principle, This wood should be very dense, heavier than water, 
of an obscure greenish fawn colour: but the recent fracture is 
yellowish, exhibiting an unequal cleavage, with a fatty shining appear- 
ance, if the specimen be good, The wood of the circumference is 
lighter, both in colour and weight, pale fawn, and opaque. In Guiana 
the wood of the Dépterix odorata (Tonka bean) is used under the name 
of guaiac-wood, which it greatly resembles ; hence probably the state- 
ment of some writers, that the guaiac-tree is a native of America. 

Genuine guaiac-wood is destitute of smell, but if rubbed, and still 
more if set on fire, it evolves an agreeable aromatic odour. If long 
chewed, the taste is peculiar, guttural, and bitterish. Trommsdorf 
obtained from 100 parts 26 of resin of guaiac: one pound gives 
two ounces of extract. active principles are the resin and a 
peculiar extractive. Guaiac-wood is used in the form of raspings (chiefly 
obtained from the shops of turners who make blocks for ships of the 
— vite, as they term this wood) ; but this isa mixture of the wood 
of the external and of the internal layers, of variable strength and 
quality. The wood is less used than the resin, Guaiac-resin exudes 
spon , or in consequence of incisions, and hardens on the bark. 
Resin obtained in this way is generally in spherical or long tear-shaped 
pieces. It is also procured more abundantly by eutting the stem in 
pieces of moderate length, boring a hole thr it, then putting the 
one end in the fire, and collecting the resin, which flows from the 
opposite end, in calabashes. Another mode is to boil splints of the 
wood in salt and water : also, by digesting the rasped wood and bark in 
alcohol. 

There are some slight differences in colour, transparency, and other 
points, according to the method of obtaining it; but these are of little 
consequence, provided no accidental or fraudulent admixture of other 
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substances have occurred, such as pieces of wood and bark, sand, or 
dissolved in proof 


terated with the resin or gum 
substitution, o to its formidable po’ 
According to Unverdorben, iac-resin consists of two distinct 


alcoholic solution of acetate of gopper precipitates; the other forms 

with ammonia a combination, which is soluble in six thousand 
of water, and which the alcoholic solution of acetate of copper 
not precipitate. 

The resin of guaiac becomes blue by continued exposure to the air, 
and also when in contact with many organic substances : ee: Sa 
table substances, particularly several containing gum and , turn 
the tincture of guaiac blue; a point of importance, from the similar 
effect of iodine on starchy substances, 

The acrid taste of guaiac-resin is owing to a peculiar bitter acrid, 
so-called extractive (or guaiacin), which is contained in much greater 
quantity in the bark than the wood. It is to this principle, accord- 
ing to Buchner, that guaiac-resin is indebted for its medicinal 
powers. 

Guaiac possesses the property of stimulating the system generally, 
causing increased vascular action, augmented heat of the body, and 
promotes the secretions of the skin and lungs; but in doses it 
produces nausea, anxiety, abdominal pains, and stupor. It is- not 
prized now so :™ on its introduction into European practice in 
the 16th century, when it bore a most extra t price, four ducats 
being often given for a pound of the wood. It is, however, a useful 
agent in certain forms and stages of gout and rheumatism, and in some 
cutaneous diseases, especially when in the first set of disorders it is 
combined with ammonia, and in the latter with mercurials and 
diaphoretics or antimonials, as in Plummer’s pills. 

Its insolubility in watery menstrua is an obstacle to its easy adminis- 
tration, and even its alcoholic solutions are precipitated on the addition 
of water. It is generally made into an emulsion, or given in pills; 
but a soap may be formed by means of heated aqua potasse, in which 
the resin is to be dissolved, then evaporated, and a soft consistent mass 
is obtained, which may be formed into pills or a bolus. 

GUAIACYL (C,,H,0,), the theoretical base of the, resin called 

i 5 If pp hien is maatiies, an oily reg ey which 
is regarded as a ride of guaiacyl, C,,H,0,+H, ough it has 
been named iacie acid, tal ~ 

Another constituent of guaiacum resin is guaiacie acid (C,,H,O,), 
which crystallises in needles, and is freely soluble in water. By 
destructive distillation the resin also yields guaiacene (C,,H,0,), a light 
yolatile oil, which absorbs oxygen from the air, and forms a crystalline 


eae 
GUANINE (C,,N,H,0,), a compound discovered by Unger in 0. 
It resembles urea in its properties, forming crystallisable salts with 
hydrochloric, sulphuric, and nitric acids. It is a white powder, and 
insoluble in water. Its salts are all neutral or acid, none basic. 
GUANO (from the Peruvian word hwanu, which signifies dung) is 
the excrement of sea-fowl, and was used as a manure probably for ages 
before Peru was visited by the Spani It is spoken of by Herrera 
in a work published at id in 1601; by Garcilaso de la Vega, in 
his ‘ Memoriales Reales,’ published at] Lisbon in 1609; and by Ulloa in 
his ‘ Voyage.’ Garcilaso de la Vega says that “in the time of the 
Incas there was so much vigilance in guarding these birds (the sea- 
fowl), that during the rearing season no person was allowed to visit the 
islands which eer frequented, under pain of death, in order that they 
might not be frightened and driven away from their nests, Neither 
was it allowed to kill them at any time, either on or off the islands, 
under the same penalty. Each district or territory had a portion of 
these islands allotted to it.” Mr. Thairlwall, of Richmond, Yorkshire, 
who has visited the western coast of South America, describes a small 
island, about three miles in circumference, in 13° 44’ S. lat., on which 
guano is deposited in a solid mass 200 feet in depth. The surface is 
coated over with a thick incrustation of almost pure muriate of 
ammonia; and when the bulk is disturbed, the ammonia given out is 
so strong as to affect respiration, and to cause an unpleasant sensation 
in the eyes. Peruvian is imported into England only by the 
ts of the Peruvian government, Messrs, A. Gibbs & Co, About 
e commencement of 1843 guano was discovered on the island of 
Ichaboe, about two miles and a half from the mainland of Africa, in 
26° 13’ S, lat. and 14°15’ E. long. The place soon attracted notice, 
and by the end of 1844 the whole of the guano had been carried away. 


As 
time. e guano was 35 to 38 feet in depth, and the deposit extended 
to a length of about 1100 feet, with an average width of 400, feet. 
Towards the close of 1844 another guano island (Malagas) was dis- 
covered at the entrance of Saldanha Bay. The guano covers an extent 
of about eight miles, and gradually increases in thickness from about 
‘= to 8 yards, It is obtained for shipment by a licence from the 
lector of customs at Cape Town, In October, 1845, cargo of guano 
was brought to this country from Patagonia, It has been supposed 


mapa 350 ships have been anchored off the island at the same | exceed 


that the excrement of the sea-fowl which swarm on some parts of 
coast of Great Britain might be used as a fertiliser with the same results 


In South America and Africa the dryness of the climate allows the 

guano deposits of successive to accumulate, and the heat of the 
i e surface which preserves its virtue as 

manure, ay ies ri of the Peruvian over the African 

other guanos is 0 chie plo 

on 


The value of guano is to be estimated according to the proportions — 
hates ; 3, organic matter. 


which it contains of—1, ammonia; 2, 
The results of a number of analyses}of Peruvian and African guano 


chow it ae variations in their composition:— 
Peruvian, African. 
Water . . » « 12tol5 25 to 30 
Organic matter . . 50 to 60 a5 038 
12 to 15 5 to 
containing of ammonia of ammonia 
Phosphate of lime . . 15 to 25 25 to 30 
Fixed salts * . _ 8 to 10 
African o had the largest proportion of soluble matter, and 


that from Peru is remarkable for the quantity of uric acid that it 


contains, an element which dissolves very slowly. African may 
therefore have acted with greater rapidity, but the effect of Peruvian 
is felt for a long period. 

Good Peruvian 


guano sells now at 181, per ton. The article is 
extensively adulterated, and instances have occurred in which the 


adulterated matter prevailed to the extent of bh oy" cent. Umber, © 


stone ground into a fine powder, various earths, old mortar, and 
tially decomposed saw-dust, are employed for this purpose. : 
mixture is moistened with putrid urine and re-dried. Even 

guano differs so frequently in quality, that it is never advisable to 
purchase it without a satisfactory analysis, Purchasers are often 
deluded with false analyses, and those who deal only with those who 


profess to be importers are not always safe. Dr. Ure advises the 


Chemistry Association of Scotland, and the 
scarcely a single sample of adulterated guano was 0 
that country. 


(1). Procure from 
bottle, with a solid glass stopper. I 
ordinary water, the stopper inserted, and the exterior well dried. \ 
scales to be used ought to turn well with a couple of grains. In one 
pan of the scales place the bottle, and exactly counterpoise it in 
other by shot, nok 
out two-thirds of the water, and put in 4 oz. avoirdupois of the guano 
to be [tested. Agitate the bottle, adding now and then a li 
water; let it rest a couple of minutes, and fill with water so all 


the froth escapes from the bottle. Insert the sto carefully, wipe 
dry, and nia te bottle in the same scale from which it was taken. 


Dissolve in a quart of water as much common salt as it will take up, 
and strain the solution. Pour a quantity of it into a saucer or basin, 
and sprinkle on the surface the guano to be tested, Good 
almost immediately, leaving only a very sligh 
leaves the light materials fl on the 4 : 
und limestone has been used in adulterating guano, it may be shown 
y pouring strong vinegar over a tea-spoonful of the sample placed in a 


——— ie a 


or gravel. Remove the bottle from the scale, pour ; 
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wine-glass. On stirring, effervescence shows its presence. Genuine 


under the same circumstances, merely allows the escape of a 
bubbles. We add here the method suggested by Dr. Cameron 
in his recently published lecture on agricultural chemistry, for the 
of spurious guano. By drying ard burning, Peruvian guano 
should lose from 55 to 60 per cent. of its weight. Its ash should be 
white, and should dissolve readily, and without effervescence, in dilute 
muriatic acid,/leaving insoluble residue, which should not amount to 
more than 2 per cent. of the weight of the guano. Mixed with quick- 
limé it should give a ammoniacal odour. A bushel of guano if 
pure wei 70 Ibs.; if adulterated with clay, marl, 
sand, &c., the weight will be materially increased, and so far as this 
test ies gross adulterations will be easily detected. : 
The great cost of guano has ially checked its consumption, and 
it will seen from the following table how much during the past 
ear its has fallen off. The fact is, that at the price of 
13/, per ton many other manures are cheaper. . : 
The following is a table of the imports since its first introduction :— 


Years. Tons. Years. Tons. 
1841 . or: 2,881 1851 . - 243,014 
1842 «, «+ 20,398 1852 . + » 129,889 
1843 - + 80,002 1853 . » 123,166 
1844 % » 104,251 1854 . +e 235,111 
1845 . - » 283,300 1855 e - 305,061 
1846 . « 89,203 1856 . « « 200,000 
1847. - « 82,392 1857 . . 288,362 
1848 . - 71,414 1858 . + « 353,541 
1849. - » 83,438 1859 (10 months) 73,647 
1850 . « 116,925 


The subject of the relative value of fertilising ington ic guano, 
and in other manures, has been largely discussed. essor Anderson 
of Glasgow, at a meeting of the Highland Society, stated the following 
figures to indicate, according to the authorities named, the value per 
ton of the principal ingredients as obtainable in guano :— 


Way. Hodges. Nesbit. | Anderson. 

So GN no KB ah} F 2 

. . « -|56 0 0) 56 0 0} 60 0 0} 56 0 O 

Insoluble phosphates ./| 7 0 0) 7 00) 8 0 0} 700 
Soluble phosphates . ./| 3213 0/25 0 0/| 24 0 0/| 28 0 0 
Potash . . . -| 3016 0/20 0 0 oe 20 0 0 
Alkaline salts . ° » 100 100 100 100 
Organic matters . . 10 0 010 0 100 o. 


These are the prices at which these several ingredients are purchased 
in guano at present prices. 
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bonate, and in that state is peculiarly liable 
It is clear, however, that if concentrated gas 
ed to the soil, the farmer could afford to lose one- 
still have his ammonia ch than in the state of 
‘The application should be of 2 to 3 ewts. per acre on grain 
ixed with a certain quantity of bone ash, and 

should be made up in ridges, and the solution, diluted to a 
extent, poured into the bottom of the furrows, while the 
i i following the application, should be made to 
cover the ammonia. This should be done several 
for it would not answer to put the seed near the 
i fluid, and a few days should be allowed for it to 
disseminate it through the soil. One hundredweight and a half 
of the ammoniacal fluid, and the same quantity of bone ash, might also 
be tried on turnips, and should these applications prove successful, it 
to make a mixture as good as Peruvian guano at a 

more than 8/. per ton. 

Mr. Finnie, of Swanstone, has recently called attention to the 

existing wastefulness in the use of guano. His advice included the 
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following :—Government should investigate every source 
from which a supply of guano can be obtained; we should encourage 
manufacturers ria trial of other le manures ; we should 


more than ever to the dung heap at home; and, 
by itself as formerly, for turnips 
eaker description of soils, let farmers 
use along wi of manures, such as bone meal, 
dissolved bones, or even guano of a secondary class; and for turnips 
and potatoes on the heavier character of soils, employ along with guano 
some other nitrogenous manure, such as rape dust, blood manure, &c. 
Thus :—Superphosphate, along with farm-yard manure, is quite a 
sufficient substitute for guano for Swedes, Apply 3 owt. acre, 
along with 10 or 12 tons of dung. Nitrate of soda, 1 or 14 cwt., is 
better applied to corn crops, if used in place of guano, 14 or 2 ewt. of 
sulphate of ammonia per acre is a ~~ dressing for an acre of wheat. 
ee sou oo DSF Ieee sk Od. to d. a bushel, you can find no cheaper 
dressing than 40 bushels of that per acre. If you cannot get that, 
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apply § ewt. of nitrate of soda and 1 cwt. of Peruvian guano per acre 
broadcast, in showery weather if possible. 

On the application of guano to the soil, Mr. Nesbit gives the follow- 
ing instructions :— 

(1.) Guano is best applied in damp or showery weather. 

(2.) Guano should not generally be put on grass land in the spring 
later than April. 

(3.) When guano is applied to arable land, it should immediately be 
mixed with the soil, either by harrowing or otherwise. 

(4.) When wheat is sown very early in the autumn, a less than usual 
amount of guano must at that time be applied, and the rest in the 
spring. The wheat otherwise might become too luxuriant, and be 
injured by subsequent frosts, 

(5.) Guano, and artificial manures in general, should be put on the 
land only in quantities sufficient for the particular crop intended to be 
grown, and not with the intention of assisting the succeeding one. 
Each crop should be separately manured. 

(6.) Guano, before application, should be mixed with at least from 
five to six times its weight of ashes, charcoal, salt, or fine soil. 

(7.) Guano should on no account be allowed to come in direct con- 
tact with the seed. 

An artificial guano may be easily compounded by an admixture of 
the constituents of natural guano, all of which, with the exception of 
bone-dust, may be procured of any druggist. Professor Johnston gives 
the following recipe for an artiticial manure which will produce an 
effect about equal to 1 ewt. of natural guano :—78$ lbs. bone-dust, 
25 Ibs. sulphate of ammonia, 1} Ib. of pearlash, 25 lbs. common salt, 
24 lbs, dry sulphate of soda; total, 1824 Ibs. The following artificial 
substitute for guano has been successfully used, at the rate of 5 cwts. 
per acre :— 

Bones, dissolved in spirits of salt instead of oil of vitriol zi Tbs. 
Charcoal powder . . . . . « about 18 

Sulphate of ammonia (gas salt) . . . 

Common salt . . . . . . 

Gypsum . . . . . . . . . 
Wood ashes . . wrt . . +» about 46 
Nitrate of soda (cubic petre) . . . . o 38 
Sulphate of soda (Glauber salts) . ‘ . e « 10 
Sulphate of magnesia (Epsom salts) . ° . » lo 


« about 9 
+ about 9 


160 lbs. 
Three or four ewts. of guano, which is the usual quantity applied 
one acre, have often proved equal in effect to fifteen tons of farm-yard 
dung. Mr. Lawes, an experienced agricultural chemist, gives the fol- 
lowing table of the constituents of these two quantities :— 


Four Cwrs, or Guano conTAIN 


Phosphate of lime . . . 


Ammonia . . . . ie ee A ee ee 


Organic matter . ° . ° . ° . 171 

Potash, soda . é ‘ ‘ . Fy « . 80 
Firrern Toxs or Duna coxrarx 

Phosphate of lime . e ° . . . + 100 lbs, 

Ammonia . . . . . . . « «+ 195 

Organic matter . . . . . . + 8505 

Potash, soda, and silica . ° + 1335 


Experiments have indeed been made, the results of which showed 
that 3 ewts. of good Peruvian guano were equal in their immediate 
effect to 20 tons of good farm-yard dung; but much is required to be 
known of-the composition of a soil, and of the crops which it is to 
yi ld, before the exact value of any manure for that soil and crop can 

fully settled ; and this can only be ascertained by extensive experi- 
ments under every variety of local circumstances. The question may 
also arise, whether guano and other stimulating fertilisers do not 
exhaust the land while they produce great immediate results. They 
may, by supplying ingredients in which the soil is deficient, enable the 
plant so to use up others present in the land, that the soil shall be 
poorer after the crop has been removed than it was before the manure 
was applied. In this way it is that certain “ artificial” fertilisers 
are stimulating, and that farm-yard dung is alone a complete 
manure. 

For various crops the guano answers best after vegetation has com- 
menced; and it is useful in some cases to apportion the quantity 
intended to be used per acre into two or three portions for sowing at 
intervals, but the intervals most favourable are not fully determined. 
For small allotments or gardens it is often most convenient to use 
guano in a liquid state, in which case 4 lbs, of guano may be mixed 
with 12 gallons of water, and used after it has stood twelve hours, and 
the proportion per acre may be from a half to one ewt. of guano to 
160 gallons of water. / 

GUARANINE (C,,N,H,,0,), a substance identical with theine and 
caffeine, and found in the Guarana officinalis, [Carrerne. ] 

GUARD is a detachment of troops appointed to watch a position to 
prevent surprise, or to take care of stores, baggage, &c. 

GUARDIAN, one who has the care of a’ person and his property, 
who, by reason of his imbecility or want of understanding, is in law 
considered incapable of acting for his own interest. Guardians in the 
English law are appointed only to infants, though under the civil law 
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they were also assigned to idiots, lunatics, women, and sometimes 
— The laws of England indeed provide for the tion of 
iota and lunatics, but the rules relating to them will be more con- 
veniently considered under those heads, and therefore we shall here 
. confine our remarks to guardians of infants. The under the 
civil law was either a tutor or a curetor, [Curator.] Guardians 
were appointed either by the will of the father, by the disposition of 
the law, or by the magistrate ; and accordingly, with reference to its 
origin, the guardianship was styled testamentaria, legitima, or dativa, 
The nature of guardianship under the civil law is fully explained in the 
‘8 des Pandekten-Rechts ’ of Thibaut, i., p, 377. 
usual division of guardians, according to the English law, and 
therefore the most convenient order in which to explain their office, 
is :—1. Guardians by the common law. 2, Guardians by custom. 
8. Guardians by statute. ‘ 

I. Guardians by the common law were of four kinds: guardians in 
chivalry, in socage, by nature, and for nurture. 

Guardianship in chivalry is now abolished by the statute of 12 Car. IL., 
ce. 24, which extinguished the onerous portions of the feudal system. 
This guardianship arose wholly out of the principles of tenure, and it 
could only take place where the estate vested in the infant by descent. 
All tenants by knights’ service, being males under 21, or females under 
14, at the ancestor's death, were liable to it; and it continued over 
males till 21, over females till 16 or marriage. It extended over the 
estate as well as the person of the infant, and entitled the lord to make 
sale of the marriage of the infant under the restriction of not making 
it a marriage of disparagement, and to levy forfeitures if the infant 
refused the marriage, or married, after tender of an alliance by the 
lord, against his consent. The lord was bound to maintain the infant, 
but subject to this obligation he was entitled to the profits of the 
estate for his own benefit. This guardianship, being considered more 
an interest in the guardian, than a trust for the ward, was saleable; 
and if not disposed of, passed at the lord’s death to his personal 
representatives, 

2. Guardian in Socage.—This also, like the former, is a consequence 
of tenure, and takes place only where lands of socage-tenure deScend 
upon an infant under the age of 14. Upon attaining that age, the 
guardianship in: socage ends, and the infant may appoint his own 
guardian. The title to this guardianship is in such of the infant's next 
of blood as cannot have the estate by descent in respect of which the 

ianship arises, lest, it is said, the lamb should be delivered to the 
wolf to be devoured. This precaution springs perhaps from too great 
& mistrust of human nature, and it seems that in the early period of 
the Roman republic no such distinction was made. No provision upon 
the subject exists in the laws of the Twelve Tables—the lawgiver did 
not imagine that the life of the heir was in danger, though it was put 
in the hands of the person who would reap a benefit by his death. 
(Mo ., b.'19, c, 24.) And even at a subsequent period no such 
rule was known to the civil law; and indeed such a rule could have no 
. place in the Roman system of succession. By the laws of Solon, no 
one could be a ian who was to enjoy the estate of the ward after 
his death, and such it has been shown is the law of England with 
regard to guardians in socage. The laws of Scotland and the old laws 
of France prescribe a middle course; the estate is entrusted to the 
next in succession, because he is most interested in preserving it from 
waste, but he is excluded from the custody of the person of the ward. 
This is the principle upon which the Court of Chancery in its 
management of lunatics and their estates. [Lunacy,| The ‘Code 
Civil’ of France, b. 1, tit. x., ch. 1,2, 3, has many provisions relating 
to guardianships, too numerous to mention here, The guardian in 
socage is entitled not only to the custody of the person and socage 
estates of the infant, but also to his hereditaments not lying in tenure, 
and even his copyhold estates, where no custom to the contrary exists 
in the manor of which they are held, and also his personal property, 
The guardianship in socage is regarded as a trust wholly for the 
infant's benefit, and is not saleable, or transmissible, but in the event 
of the death of the guardian the wardship devolves on the m next 
in degree of kindred to the infant, not being inheritable to him, 
and the guardian is accountable to the infant for the profits of his 
estate. 


Guardianship in socage is, however, superseded both as to the person 
and estate of the infant, if the father appoints a guardian according to 
the statute, as will shortly be mentioned. 

3, Guardian by Nature.—This species of guardianship has no con- 
nection with the rules of tenure. It extends only to the custody of 
the infant's person, and lasts till he attains 21. Any ancestor of the 
infant may be such a guardian, tho first right being in the father, the 
next in the mother, and if they be dead the ancestor to whom the 
infant is heir has a right to the custody of his person, Until 14, it 
seers the guardian in socage is entitled to the custody of the person, 
and after that age the guardian by nature. 

4. Guardians for nurture are the father and mother of the infant; 
in default of father or mother, the Ordinary, it is said, may appoint 
some persou to take care of the infant’s personal extate and to provide 
for his maintenance and education, though this has been doubted. 
This species of guardianship extends only to the age of 14, in males 
and females, Both these last descriptions of ip are also 
superseded by the appointment of a guardian by statute. 


to 


Gualite ioe their enata, aaa not only with the 

infant, but alo with the custody of his person, ana wil in 
misbehaviour, remove a guardian, however he 

or constituted, and will appoint a proper guardian 
room, Of this jurisdiction an instance is 


Eldo oral grounds deprived him of the custody 
m upon mM ri e bt 
mad tle ware tee Court of 


this will not exclude the jurisdi 
upon the case being brought 
inquiry as to the fitness of the 
also have power to appoint a 
prosecution or suit instituted 
88 b, Hargr. note.) , 

Il. Guardians by Oustom.—By the custom of the city 
guardianship of orphans under age and unmarried 
and in many manors particular customs exist relating 
ship of infants; but in the absence of any such, the 
as before mentioned of in 
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IIL. Guardians by Statute—At common law no person could appoint — 
a guardian, because the law appointed one in every case, The statute — 
4 and 5 Phil. and Mary, c, 8, seems to have given some 


se 
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fathers of infants to appoint guardians; but 
now appointed by virtue of 12 Ch. IL, c. 24. Under this 
= whether under aa of full age, may, by rneagho 

two witnesses, a any person or exce 
estate guardinn ‘of their unmarried children until 
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21, or for any less period, A guardian appoin 

supersedes al otheruardians, except those by the custom of London, 
or any city or corporate town in favour of which an ex: is e, 
and is entitled to the custody of the infant’s person, and his estate, real 
and personal. If two or more are appointed ians under 
the provisions of this statute, i remains to the survivor, 


tentional, it has been decided that neither a mother, nor 


By the wording of the statute a father alone is empowered to re . 
guardian, and consequently, though the omission was pro unin- 
tment. " 


nor any other relation, can make such an aj 

father appoint a guardian to his natural ; 
the Court of Chancery will appoint the persons named to be 
ot May ‘agpen: 0 bo Ok puree © a ee a 


em. : 

Guardians are rarely now appointed by infants themselves, 
jurisdiction of the Court of pro far safer and 
effectual means for the and control of their 


institution of a suit, a cheap ani speedy mode of pxceing 0 ae 
ference is afforded. The guardian is considered as a trustee for his 


ent of the infant's 
property, and is answerable not only for but for negligence or 
omission. ; 
Guardian of the Spiritualities is the person to whom the spiritual 
juritiion &f ty ioc is" committd during the vacancy of 
the see. 
Guardian of the Temporalities is he to whom the temporal jurisdiction 
aul tha trats'of the tos erg epciodtte igen the tks od. 


The words and warden are of the same signification : 


the English guard. 

GUELPHS and GHIBELLINES, the names of two great ical 
aera which divided ape Facelerneny 3 during the m! ages, 

e first known as the watchwords of their respective adherents at 

the battle of Winsberg, in Suabia, between two rivals for the ine 
throne, Conrad, duke of Franconia, and Henry the Lion, duke of 
Saxony, of the house of Guelph, Welf, or Wolf. Welf, who was 
young Henry's uncle, fought on behalf of his nephew, and his name 
Seis wer of his followers ; whilst those of Conrad took for their , 
rallying word the name of Waiblingen, a town of Wiirtemberg,and the 
a ged seat of the Hohenstaufen family, to which Conrad be- 
longed. (Conran IIL in Broo. Dry.) In course of time the name of 
Guelphs was given to all who were disaffected to the Emperor, and that 
of Ghibellines (which the Italians had formed from the German 
Waiblingen) to the supporters of the Im authority ; and as the 
popes, reviving their old rivalry with the em encouraged and | 
supported the disaffected Guelphs, they became at the leaders of = 
that party, and the Italian cities were divided between the adherents 
of the popes and those of the emperors. The names of Guelphs and 
Ghibellines were not however genet in Italy till the reign 
of Frederic I1., when Italy was divided, as it were, into two camps; 
some cities, such as Florence, Milan, Bologna, themselves on 
the Guelph side, while Pisa, Arezzo, Verona, an remained 
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Ghibelline. The Ghibellines adopted as a symbol a white rose or a red 
lily; the chose the eagle, already the arms of the Guelph 
family. But in the long struggle that ensued many alternate changes 
took arses in city, where sometimes the Guelphs, and sometimes 
the ; Sosa the upper hand. [Fiorence; Grnoa, History 
or, in Geo. Drvy.] Most of the powerful nobles in Northern Italy, 
the Visconti, Doria, Della Scala, Pelavicino, were Ghibellines; the 


bellines being for the most part animated 


by a spirit of aristocracy, the Guelphs professing to be favourers of a 
popular form of government. [Danre, in Broc. Drv.] But even this 


distinction 
blies ;’ Raumer, ‘ Geschichte der Hohenstaufen.) 

House of Guelph, originating in Italy, settled in Germany in the 
11th coat ee very shortly acquired territorial possessions. 
From this 'y has proceeded both the lines of Brunswick-Vels and 
Luneburg ; it gave emperors to Germany, dukes to Saxony, Carinthia, 
and Bavaria; one branch became also Dukes of Este in Italy, and the 

of Hanover claims descent from both brauches. [BruNswick, 
History or, in Geoa. Div.; Esrx, in Broa, Div.) 

GUERITE is the term applied in fortification to the projecting 
masonry sentry boxes to be seen in many old fortresses, at the salient 
angles of works on the top of the revetment. They are provided with 
loop-holes, so as to enable a few men in them thoroughly to command 

foot of the escarp along the whole extent of the face. They have, 

the disadvantage of enabling an enemy the more easily to 

take up the prolongation of works to place his enfilade batteries, by 

aber ane at the extremities of the faces: they have, 
, not been much used of late years. 

GUILDS. eee uh iy raga 

Gq E, an instrument for the infliction of ge punish- 
ment, proposed to the National Assembly of France by Joseph Ignace 
, & physician, a native of Xaintes, and a member of the 
; and which from him took its name. It was adopted by a 
the 20th of March, 1792, and used for the first time on 
April 25th. 

This instrument, under other names, had existed as a means of 


execution before, in Germany, Bohemia, Italy, Scotland 
aves to Paniaand tnd cme : 


illa machina, si quis plectendus esset : supplicioque 
: eodem referebatur.”—* Postea usus ii successit. 

In German this instrument was called der Planke der Deil (the plank 
of wood), and in older language Falbeil (the falling hatchet), In Bohe- 
tia it was called Hagec, something akin to the plank. In Italy it was 
known by the name of Mannaia, and an engraving of it may be seen 
in ‘ Boechii Bonon. Symbolicarum Questionum,’ lib. v., 8vo., 
Bonon, 1555, p. 36, There is a very beautiful engraving of the 
German instrument in a representation of the beheading of the son of 
Titus Manlius, by Henry Aldegrevers, dated 1553. Evelyn, in his 
‘ Memoirs,’ vol. i, p. 170, states that he saw a similar instrument at 


les. 

Parmer, in his ‘ Description of Tweeddale,’ pp. 16, 17, speaking of 
the Regent Morton of Scotland, says: “This iphity earl, for the 
pleasure of the place and the salubrity of the air, designed here a noble 
recess and retirement from worldly business, but was prevented by his 
unfortunate and inexorable death, three years after, anno 1581, being 
accused, condemned, and executed by the Maiden at the Cross of 


execution: 
paeegend, whet has been since called the Guillotine was used 
at xx in Yorkshire, and confined even there to the punish- 
ment of felonies committed within the forest of Hardwick. Its use at 
Halifax is traced as far back as the time of Edward II]. It was in 
1650 that the last malefgctors there suffered by it. (Watson's ‘ Hist. 
4-239. 
Pisce Guilistin, in, who revived the use of this instrument, in 


ae ar , to have perished at a later period of the 
the Regent Morton, by his own invention. But this is 


not correct. He died a natural death, 26th May, 1814, at the age of 
76. (‘Biogr. Universelle.’) 

GUINEA. [Monzry.] 

GUITAR, a musical instrument which, in various shapes, may be 
traced to the remotest periods of antiquity. The word is derived from 
the Greek xi@ipa, and comes immediate y to us through the French 
Guitare, though it is nearly the same in the Italian, Spanish, and 
German languages. The terms Cittern and Gittern, used by the old 
English poets, are but corruptions of the primitive word. 

The English and French guitar of the last century was wide and 
thin in body, short in the neck, and strung with wire. The modern 
guitar, which is of the Spanish kind, and differing little from the lute, 
consists of a body from seventeen to eighteen inches in length, four in 
depth, and of a neck of about sixteen inches, the latter carrying a 
finger-board divided by seventeen frets. It has six strings, three being 
of silk covered with silvered wire, and three of catgut. 

The compass of this elegant instrument is from n below the base 
staff, to a above the treble staff, including all the intermediate tones 
and semitones. The best and cheapest guitars are made in Germany, 
and ae § be purchased in London at a moderate price. 

GUM isa proximate principle of vegetables, of more universal occur- 
rence than any other secretion by plants. It is in reality the material 
generally prepared by them for their own growth and nourishment, 
and is at first alwaysin a state of solution, in which condition it mostly 
remains so long as it is contained in the internal tissues of plants ; but 
when it escapes to the exterior of the bark it frequently becomes 
thickened, and even solid and pulverisable. It is probable that it 
never escapes to the surface unless some wound of the bark has been 
made, either by disease, the punctures of insects, the agency of fungi, 
by the knife, or by the more rapid growth of the inner wood, pro- 
ducing by its distension a rupture of the bark. The escape of the 
gum termed cerasin from plum and cherry trees may always be 
regarded as an indication of unhealthiness; the immediate cause of 
escape is the presence of a small corkscrew-like fungus termed 

‘emaspora crocea. 

Gum is known in commerce only in the solid state; the term is 
often erroneously applied to substances which are a mixture of gum 
with resins, and which are properly gum-resins, such as ammoniacum, 
asafcetida, and the like, and even to substances which contain no portion 
of gum, such as euphorbium, s 

the gums according to the facility with which they are 

acted upon by water, we have at one end of the list gum-acacia, or 

gum-arabie as it is most usually called, and at the other end gum- 

th. Gum-arabic forms a perfect solution with even cold water, 

and to this variety of gum the term arabin is given; gum-tragacanth 

on the other hand, though swelling up immensely when digested in 

water, and at first sight appearing to form a solution, does not really 

dissolve, but forms a thick mucilage, and to this modification of gum 

the term bassorin is applied. The derivation of the name arabin is 

obvious, that of bassorin is obtained from bassora gum, a variety of 

th that comes from Bassora, and which contains scarcely a 

trace of arabin. Other members of the series of true gums are 
mixtures in variable proportions of these two gum modifications. 

Arabin (C,,H,,0,,) is colourless, tasteless, and inodorous. Specific 
gravity, from 13 to 15. It is uncrystallisable. Its solution slightly 
reddens litmus-paper, and rotates to the left a polarised ray. Dilute 
sulphuric acid converts it first into dextrin and then into grape-sugar ; 
strong sulphuric acid carbonises it; nitric acid converts it into mucie 
and oxalic acids. It forms soluble compounds with the alkalies and 
alkaline earths. It is precipitated from solution by persalts of iron, 
proto-salts of mercury, and subsalts of lead. The reaction with per- 
salt of iron is characteristic of arabin: if the solutions are strong, 
a brown gelatinous precipitate is formed, soluble with difficulty in 
boiling water; if the solutions are weak, a yellowish precipitate is 
produced only after the lapse of some time; thus one part of gum- 
arabic in 100 parts of water gives a precipitate with persulphate of 
iron after the mixture has stood for twenty-four hours, 

Bassorin. is soluble in dilute acids or alkalies, and by very long 
boiling even in water, but in each case it is probably converted into 
arabin. Like arabin it is insoluble in alcohol or ether, and is oxidised 
by nitric acid to mucic and oxalic acids, The presence of bassorin 
gives the peculiar mucilaginous or viscous consist to the decoct 
of linseed, quince-seed, marsh-mallow root, &e. 

Most of the commercial gums are obtained by incisions made in the 
bark of several species of acacia growing in Arabia, India, Upper 

a , &c. The specimens differ considerably in colour, even 
when obtained from the same species, Genuine gum-arabic occurs in 
pieces from the size of a pea to that of a walnut, or larger, which are 
irregular in shape, or roundish or angular ; either white, yellowish, or 
dark wine yellow; scarcely any odour ; taste mawkish, glutinous, 
Sp. gr. 1316 to 1482. It breaks easily into small irregular pieces ; 
fracture uneven, vitreous ; dissolyes almost completely in water ; 100 
parts of water at 212° of Fahr. take up 19 parts of gum, The solution 
is almost transparent when made with cold water, Gum, when in 

wder, is often adulterated with starch, the presence of which is 

etected by tincture of iodine; or when cold water is used for the 

solution of the gum, the starch will remain undissolved. The anuollags 
made with cold water is not only purer, but keeps better, and for 


551 GUM-RESINS. 


purposes for which it can be used is preferable to that made with warm 
water, which is the common meth ‘ i one 

Gum is not very easily digested when taken alone, and will often 
pass through the stomach nearly unchanged, if not associated with 
some bitter or astringent principle. Hence the advantage of some 
bitter extractive or astringent principle, either in the grasses them- 
selves or in othér plants, such as formentil or lesser centaury, inter- 
spersed in the pasture lands of cattle. (See Davy, ‘ Agricultural 
Chemistry;’ or Sinclair, ‘Hortus Gramineus Woburnensis,’) This 
property, however, renders it demulcent in affections both of the 
throat and also of the intestines, by sheathing the membrane from air 
or the irritation of acrid secretions. Hence allowing a portion to dis- 
solve slowly is often useful in common colds. Mucilage is also used to 
suspend many insoluble matters in water. Its agglutinating properties 
render it valuable in many of the arts, 

GUM-RESINS are secretions of plants which are produced in the 
eyed quantity, and most perfectly elaborated, in warm countries, 

ey are obtained chiefly from trees and shrubs of particular tribes of 
rot rarely from herbaceous plants, except the large herbaceous 

‘mbellifere, which yield the fotid gum-resins. They either exude\ 
seers or are procured by incisions of the stem and branches. 

en they first escape to the surface they are fluid, and of a light 
colour, but gradually harden, and become of a deeper hue, either by 
the evaporation of some of their volatile oil, or by the absorption of 
oxygen from the air, and the conversion of the oil into a resin. Some 
remain in a semi-liquid, viscid state, such as sagapenum and galbanum, 
which are only pulverisable in winter. Most gum-resins possess a 
strong odour, which in many instances is disagreeable, such as that of 
asafoctida, with a warm acrid taste, and by application to the skin for 
any considerable tame they cause redness and inflammation. Owing 
to their composition being a mixture of gum and resin, they are not 
completely soluble either in water or absolute alcohol, but are perfectly 
dissolved in proof-spirit, which is much employed to prepare tinctures 
of this class of substances, The gum being soluble in water is capable 
for a time of holding ‘the resinous portion suspended in water, thereby 
forming an emulsion,—a state which permits of their administration, 
. if used soon after being prepared ; for by rest they separate. Many of 
them are soluble to a certain extent in acetic Ber 5 especially when 
assisted by heat. The strong mineral acids char them and produce 
chemical changes. Many gum-resins are popularly termed po seg a 
designation to which they have no title, as they do not contain benzoic 
acid. 

Gum-resins are with difficulty soluble in the animal juices, yet, as 
they must be assimilated before they produce their characteristic 
effects, they require to be used for some time before the secretions of 
the body acquire their peculiar odour. They influence the secretory 
and excretory processes, which they rouse to continued action. They 
also act wu; the skin as sudorifics, and more permanently than the 
volatile oils. They manifest their beneficial effects chiefly when the 
skin is cool, pale, and in a state of atony; and they can even check 
profuse perspiration, when this is caused by the lax state of the 
cutaneous tissues. They are likewise of considerable anti- 
a powers, and hence are much used in nervous complaints. 

hey greatly promote digestion when the stomach is feeble, owing to a 
defective supply of nervous energy. Their utility in the treatment of 
hysterical and other paro: is pa much increased by adminis- 
tering them in a state which admits of ready solution in the gastric 
fluids ; hence the acetous preparations of them are much more potent 
than any other form. They may be administered either by the mouth, 
or, in case of spasm closing the teeth, or the patient being refractory, 
in the form of clyster, the dose being doubled in the latter instance. 

Gum-resins are likewise applied externally, owing to their rube- 
facient powers, in the form of liniments or plasters, in spasmodic and 
rheumatic affections, and also to assist in dispersing indolent tumours. 

Gum-resins should be kept in cool well-closed places, to prevent the 
evaporation of their volatile principles, 

GUMS AND GUM-TRADE. Professor Solly,in a paper on the 
subject of Gums, read before the Society of Arts, recommended to 
drug-brokers the adoption of a more exact classification than at present 
—- between gums, resins, and gum-resins. Dealers and brokers 

very well what they mean; but they are not so precise as 
chemists in the lature ad The distinctions recommended 
are as follow. Gums to comprise those natural vegetable exudations 
which soften or dissolve in water, and yield a more or less perfect 
eg ae but which are wholly insoluble in spirit; resins to comprise 
those fusible and combustible vegetable substances which are quite 
insoluble in water, but which soften and dissolve in spirit, ether, or 
essential oil; and gum-resins to comprise those natural products which 
are intermediate in properties, and partake of the nature both of gums 
es resins, being partially and imperfectly soluble both in water and 

irit. 

Different kinds of gum, limited and defined as above, are extensively 
used in the arts, ially in finishing and giving lustre to crape and 
silk goods, and in numerous processes of calico printing. One kind 
alone, Gum Senegal, has been imported by a Liverpool firm 
to the value of 100,000/. in three years; and export of gum 
from Alexandria has often reached 140,000/. per annum, The Cape 
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colonists established a trade with the Kaffirs, a few years ago, for gum 
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almost wholly on the gum, a few ounces 

man for twenty-four hours. A gum ing from the 

Indica in Travancore, is used taking im 

leaves, coins, medallions, &c.; when this gum is pure 
re , the transparent casts are as sharp as those 
ithout its brittleness. 


The proper are most used in the 
Scehertoles ties coat ocean tene ‘or the most part, 
of varnishes and lacquers, in dyeing, in 
sealing-wax. The gum-resins are m 
of these substances are of sufficient importance 
articles in this division of the Cyclopedia; whi 
racter of the uses of others can be inferred from 
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For some delicate processes in the arts, gum arabic and senegal 
require to be purified, The following is one mode, patented a fone 
ago, for effecting this :—A solution of ified gas 


driven off by the application of heat. Carbonate of 
other solidifiable base, is added ; this combines with the urous acid 
and forms a neutral salt. The solution is then filtered through a pure 
gelatinous hydrate of alumina; and is finally dried by heat, either in 
the open air or in vacuum pans. : 

Mention was made above of sidy cag frag ahi gos 8 which has 
lessened the use of foreign gums in thi 
account given by Mr. Sinaia, s fice on. hoe cease lee aaa 

tato-starch mg sy A in Dubli e burning building was 
Reinged with water. by e fire-engines, and the starch was 

workmen fell down, and had 
clothes soaked with the calcined starch and water. He thought 
more of it till the next morning; when, upon dressing 
found the sleeves of his coat, the legs of his trousers, and the linings 
of his pockets, glued up so that he could with difficulty open them. 
On revisiting the scene of tS he discovered os —— 
roperties were yy the potato starch ; y a few 
pai es a —. was completed which has resulted in 
profits. Under the names of British gum, dextrine, and gum-substitue, 
a new substance appeared in commerce, and became largely 
in the arts. It is nearly equal to gum arabic in adhesiveness, 
affected by climate, and less than one-fourth of the price. It forms 
the main ingredient in the adhesive composition for envelopes and 
peony ee For the chemical qualities of this substance, 

EXTRINE. 

It is not easy to state the quantity and value of , Tesins, 
gum-resins imported into country, and mostly used here i 
manufactures and in medicine. They are scattered about under so 
many headi 
ned that can be recorded collectively. The Li 
importation amounted, a few years ago, to 2200 tons annually, incl: Z 
the heavy items of turpentine, resin, caoutchouc, and gu 
but the importation of the last two substances has since prodigiously 
increased. [Caourcnovc; Gurra-Percua.] Four of the most costly 
substances in the above list, those which present the most value in the 
smallest space, were imported into the United Kingdom in the 
following quantities and values in 1856 :— 
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Cwts, & 
Gum copal * « « 6,300 16,700 
Gum arabic » . 70,900 120,800 
Lac dye . . . + 11,000 87,300 
. ; 14,800 34,700 


fire-arm, but as a description of 

both large and small, with notices 1 
tion, is given under Arms and AntitLery, and under Cannoy is an 
account of the manufacture of we shall here supply a 
notice of the manufacture of boat er kinds be a which 
the names of musket or musquet, fowling-piece, &c. are ap; 

The rise of the qua-tianbieatte Ss Mitnghars, which is its prin- 
cipal seat in this country, appears to date from about the commence- 
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ment of the 18th . Hutton, in his ‘ History of Birmingham ’ 
(pp. 78, 79, of the edition of 1781), relates that, according to tradition, 
King William III. was once lamenting that guns were not manu- 
factured in his own dominions, but that he was obliged to procure 


them, at 4 expense, and with greater difficulty, from Holland; 
when Sir Ri Newdegate, one of the members for the county, 
who to hear him, observed that genius resided in Warwick- 


? 
Macpherson’s ‘Annals of Commerce’ it appears that about 1787 the 
manufacture was prosecuted with great activity for the supply of 
foreign markets, the manufacture of Birmingham guns for the African 
market being estimated to give employment to between four and five 


By one of the ee ersities of taste, of 
which many examples may be found in the hi of manufactures, 


3 


irmingham 
turers were thus induced to stamp their goods as if made in London ; 
and when, in 1813, a bill was brought into the House of Commons to 
compel manufacturer of fire-arms to mark them with his real 
name and , they took the alarm, petitioned against the bill, and 
subscribed a large sum to defray the expense of opposing it, 
they made Pe ewes Een of the London guns, which 


bill was defeated, and shortly afterwards the Birmingham gun-makers 
were allowed to erect a proof-house of their own, and to mark their 
, after being subjected to the proof required by the Board of 
with a distinguishing stamp. Holland, in the. work referred 

to at the close of this article, gives some curious information respect- 
ing the extent of the gun-manufacture of Birmi , both during 
the protracted war in which England was involved at the commence- 
ment of the it century, and more recently, when English 
artisans have been employed to meet the demands of foreign states. 
From his statements, founded upon authorised returns, it appears that 
more than two-thirds of (iis Sec aatin hada fax tha Moank of Ostnaaas 
were supplied from Birmi , and that the stands of arms fabricated 
government in the years 1812 and 1813 amounted 


+ 
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respectiy ely to 288,741 and 320,643. ing the period of 
activity it is said that the Birmi sepaetaidrign luced a 
musket per minute, which is not an extravagant assertion, seeing that, 


supposing the work to be carried on for sixteen hours every day in the 


came a great falling off in the demand, which led man - 
to abandon the trade, and caused a great reduction prt 
In 1830 the Birmingham gun-makers contracted with the French 
doollee. cd of 140,000 stands of arms at the price of 
28 francs, or under 23s, per gun, and even that price, 
Holland states, was considered liberal. It has been repeatedly stated 
4 M‘Culloch and others, that between the years 1804 and 1818 
supplied to government and- the private trade nearly 
5,000,000 fire-arms; and Barlow, quoting from authentic documents, 
shows that between 1803 and 1816, the number of fire-arms received 
and pal Bowe British government amounted to 3,227,716 muskets, 
118,103 , 27,895 rifles,and 203,266 pistols. In 1813 our allies 
alone were furnished with 500,000 muskets. 
The most essential part of a gun is the barrel, or cylindrical iron 
end, in which the explosion of the gunpowder is 
through which the ball or shot is projected. The 
which is technically called the bore, is in the 
a Pray and smooth cylinder, but the exterior is made slightly 
is, roughly Be. pospecp v9: at each point to the disruptive 
powder, thicker at the breech, or closed end, where this is 
tapering to the muzzle where it is least. The very severe 
hich the barrel of a gun is exposed in use, and the fearful 
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it in such a way as to render the chance of fai 
— as possible, ss Sa atl 
ilitary muskets generally, and the cheaper descriptions of other 
guns, have their barrels formed of ious soft iron, which is wrought 
or.rolled into the form of flat bars, called skelps, each of which is suffi- 
ciefit to form a single barrel. The length of a skelp is usually about 
three feet, and the breadth about four inches at one end, where also it 
increased thickness or substance to form the breech of the barrel, 
but tapering to about two inches and a half at the other end, 
which is to form the muzzle. Until about the year 1811, skelps were 
manufactured by means of the forge-hammer ; and as consider- 
was required to ensure the regular gradation from the thicker 
to the thinner end, the workmen employed in forging them were able 

to command In the above year, however, in co: 


good wages. uence 
_ of a strike among the skelp-forgers for what was considered 2S eee 


> 


tant advance of wages, a method of fashioning them by rollers was 
introduced, it occurring to the inventor, according to Babbage’s account, 
“that if the circumference of the rollers between which the bar-iron 
was rolled, were to be made equal to the length of a skelp, or of a musket 
barrel, and if also the groove in which the iron was compressed, instead 
of being of the same width and depth throughout (as in the ordinary 
manufacture of bar-iron by rolling), were cut gradually deeper and 
wider from a point on the rollers, until it returned to the same point, 
then the bar-iron ing between such rollers, instead of being uniform 
in width and thickness, would have the form of a skelp.” The experi- 
ment succeeded, not only in effecting a great saving of labour, and 
rendering the manufacturers independent of the refractory workmen, - 
but also in producing skelps of superior quality. “The pure metallic 
particles,” according to Holland’s account of this invention, for which 
a patent was obtained by a Staffordshire ironmaster named Bradley, 
“being compressed by the rollers both edgeways and flatways at the 
same time, cohere more closely together ; nor are the skelps so liable 
to veins or flaws as those which are edged up ina less hot state under 
a forge-hammer.” ‘The barrels made of them are said also to turn’ 
clearer and sounder than those forged by hand, 

In the old method of welding the skelps into barrels, the thicker 
end was first heated to redness, and then hammered upon a groove or 
hollow cayity in the anvil until the edges were turned up. A mandril 
being then inserted in the concavity between them, the edges were 
turned over and welded together by the hammer. By the repetition 
of the like process upon a length of two or three inches:at a time, the 
skelp was gradually converted into a tube or barrel, each of the lengths 
thus separately welded being exposed to two or three welding opera- 
tions, with alternating high and low heats, the latter being intended 
to correct defects occasioned by the former. Several attempts were 
made to substitute the action of machinery for this tedious and 
laborious process, in one of which, patented in 1811 by Messrs. James 
and Jones, and described by Holland, the power was applied by a 
series of automatic hammers. Little, however, was done in bringing 
any such process into operation until a combination was formed among 
the welders, similar to that above referred to among the skelp-forgers, 
and which, if successful, would have caused the completion of a large 
contract which was then being executed to be attended with a very 
heavy loss. A method which had been patented some years before by 
one of the contractors, but which had not then been brought into 
satisfactory operation, was resorted to under this difficulty, and the 
result was, that barrel-welding by rolling machinery soon, in a great 
measure, superseded the old process; and the manufacture of iron 
tubes of lighter character, suitable for gas or water pipes, by a similar 
process, was subsequently commenced. * Babbage, whose account of 
the introduction of this process we have quoted, observes that the 
combining workmen. were thus permanently reduced to a lower rate of 

, and that as the new method of welding was far less injurious to 
the texture of the iron than the old, in consequence of the iron being 
exposed only once, instead of three or four times, to the welding heat, 
the public derived advan from the superiority as well as from the 
economy of the bbage does not mention the name of the 
person to whom the introduction of this improvement is due; but 
Greener, in his account of the same circumstances, attributes it to the 
late Mr. Clive, who was an extensive manufacturer of iron for gun- 
barrels, and states that the jealous opposition of the trade to his 
innovation led the Birmingham gun-makers to combine not to use 
his iron. 

The most recent and authentic account we have seen of the modern 
improved method of barrel-welding is that communicated by Mr. 
Lovell, director of the royal arms manufactory at Enfield Chase, to 
Dr. Ure’s ‘ Dictionary of Arts, Manufactures, and Mines,’ under the 
title ‘ Fire-Arms,’ where this method is said to have entirely super- 
seded that of skelp-welding by hand. From this article it appears 
that, instead of being formed of skelps forged nearly to the intended 
length of the barrel, barrels are now made from flat bars of thoroughly 
refined iron, cut by shears into slabs ten or twelve inches long, and 
weighing from ten to ten and a half pounds, or less, according to the 
kind of barrel to be made. “ These slabs, after being cut from the 
bars, are heated, and, to adopt Mr. Lovell’s language, ‘ bent in their 
whole length, by means of conveniently grooved bending rolls, until 
they assume the form of rough tubes, their opposite edges being 
brought to meet without overlapping. These tubes are then laid upon 
the hearth of a reverberating furnace, and brought to a full welding 
heat ; and as soon as the edges come to a semi-fluid state, they are 
taken out and passed between grooved rollers, the grooves of which 
are rather smaller than the exterior of the tube. By this means the 
tube is perfectly welded from end to end, and if the heat be properly 

, and the juncture kept clear of dirt and cinders, the iron will 
become perfectly homogeneous in every part, without any appearance 
of the seam where the edges come together. The tubes are repeatedly 
heated, and passed through gradually decreasing grooves in the rollers ; 
and to preserve their tubular form and ensure regularity in the bore, 
or internal dimension, during the welding process, they are taken out 
of the furnace and applied to the rollers, by means of a mandril con- 
sisting of a long iron rod considerably smaller than the bore, but 
having at the end a short steel treblett made exactly the size that the 
barrel is intended to be. By a simple contrivance it is arranged that, 
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while the tube is passing between the rollers, the treblett shall alwa 
be immediately between them, so as to keep the bore open. The 
adhesion of the hot metal to the surface of the rolls or rollers is sufii- 
cient to draw the tube off the mandril. By a succession of rollings the 
barrel is elongated to the required 1} , and brought down to the 
required degree of tenuity ; and if there be any surplus metal, it is cut 
off from the muzzle end, Gun-barrels formed in this way are found 
to stand proof better than those wrought by hand, because the heat is 
more equalised, and, in consequence of the great elongation between 
the rollers, any imperfections in the original mass of iron are dispersed 
over a greater surface.” 

All the processes hitherto described relate to the manufacture of 
what are termed plain barrels; but some of the most curious opera- 
tions in the gun-maker’s art relate to the manufacture of the superior 
kind of barrel called twisted, of which there are many varieties. In 
all of these the material of which the barrel is composed is rolled or 
forged into narrow bars, about equal in thickness to the intended 
substance or thickness of the barrel, and varying in width from about 
three-eighths of an inch to an inch or more. One of these narrow 
rods or ribands of metal, being moderately heated to increase its 
pliancy, is wrapped spirally round a cylindrical mandril about the size 
of the bore of the intended barrel, in such a way as to form a tube, 
which may be slipped off the mandril at pleasure. As the rods are not 
usually made of sufficient length for one to-form a barrel, several are 
usually joined end to end, those which form the breech being thicker 
than those at the muzzle end. In this state the barrel is a coil of 
metal somewhat resembling, on a large scale, the kind of spiral spring 
employed by bell-hangers as a check-spring. It is then heated to 
welding heat, and forged into a solid or continuous tube, partly by 
hammering upon a mandril, and partly by what is termed jumping, or 
striking the end of the barrel upon the floor, by which the edges of the 
helical or spiral rod are brought into very close contact, and eventually 
incorporated together. Many successive heats are, of course, n 
in this operation, and the welding proceeds only two or three inches at 
a time. 

The manufacture of the numerous varieties of twisted barrel is very 
minutely described in Greener’s works, entitled ‘The Gun; or a 
Treatise on the various descriptions of small fire-arms,’ and ‘The 
Science of Gunnery, as applied to the use and construction of fire-arms,’ 
especially in the first mentioned, which contains many curious details 
upon the various kinds of iron employed. From these it appears that 
considerable difficulty has arisen from the circumstance’ that, as the 
progress of science has enabled manufacturers to produce articles of 
common use of very inferior qualities of iron and steel, the common 
scrap iron and steel, which consists of fragments of such articles when 
broken or worn out, and which is much sought after by the makers of 
gun-barrel iron, is very inferior to what was procurable a few years 
since, Even horse-nails, that is to say, the nails employed for fixi 
horse-shoes, and which when worn out are collected with avidity as 
furnishing one of the best descriptions of scrap-iron, under the name 
of horse-nail stubs, are now difficult to be procured of the quality 
required for making gun-barrels, since many of those used in this 
country are now made of malleable cast-iron, and a few such mixed 
with others would spoil the iron for the purposes of the gunamith, 
Wire-twist is the technical name given to an excellent kind of twisted 
barrel, which by some ignorant dealers is supposed to be really 
fabricated of wire. Such barrels are formed of very narrow rods of 
compound metal, composed of alternate bars of iron and steel forged 
into one body, and then rolled out to the requisite tenuity, when the 
edges of the rods, which are brought to the surface of the barrel, will, 
on the application of a corrosive liquor, which acts differently upon 
the two metals, present a fibrous or wiry appearance. In forming a 
barrel of such rods care is taken that the adjoining edges of the spiral 
be alternately composed of iron and steel, so that the pattern may wis 
a uniform appearance, although the difficulty of welding is thereby 
increased. amascus barrels, or rather such as are manufactured in 
this country under that name, are composed of similar metal, but the 
rods are twisted upon their own axes until their component fibres or 
laminw have from twelve to fourteen turns in an inch, and the rods 
are thereby doubled in thickness and proportionately reduced in 
length. ‘Two such rods are welded together side by sido, their respec- 
tive twists being reversed. Barrels made of rods of Damascus iron 
have a very pretty ap nce; but, as Greener observes, the metal ia 
considerably weaken 
same principle, though not to the same degree, as a rope is impaired 
by over-twisting. Of this point Greener gives illustrations in the 
results of numerous experiments made by him on the cohesive strength 
of various kinds of iron. “Stwh barrels are formed of horse-nail stubs, 
cleaned to brightness by friction in a machine, and mixed with 
fragments of steel, usually of old coach-springs cut up into little bits 
resembling the stubs. These stubs and scraps are wedged compactly 
into a hoop or ring, which holds them together while they are ex 
to welding heat in a furnace, and welded into a compact maas called a 
bloom, which is drawn out by rollers into the narrow strips required 
for making twisted barrels. Greener states that the usual proportions 
of this compound metal are fifteen pounds of steel to twenty-five 
pounds of iron-stubs ; but he thinks the proportion of steel might be 
increased with advantage, Attempts to make barrels of alone 


by the excessive twisting of its fibres, on the | 


spring together, although when combined as in wire-twist and stub- 
iron 


second work above mentioned, published in 1841, Greener tore 
much p had been made in the use of steel since ‘The Gun’ 


rogress 
published ; and of late years steel has been much used in rifle gir 


especially in America, where most of the rifle barrels are made ’ 
the solid bar of steel bored out. The same thing is now proposed 
Mr. Burton for the mi 
welding on the cone seat, Stub Damascus is a very beaut 
iron formed like the Damascus iron above described, but of L 
instead of wire-twist, but it is open to the same objection on the 
ground of over-twisting. . 


We may here refer to a paper communicated to the Society of Arts 


in 1826, and published in their ‘ Transactions,’ vol. xliii. ee . 
which contains an account of the process employed at in 
making gun-barrels and sword-blades in imitation of those at 
Damascus; from which it appears that these barrels are man 

of iron hoops, obtained from European and chiefly from British casks. 
The more they are corroded by rust, the more hight ly are they vein 


and if they are not sufficiently oxidised they are e 


to moisture 
until they become so. Being cut into lengths of about twelve inches, 


they are formed into a pile an inch or an inch anda half , the 
edges being laid straight, so as not to overlap each other, and a J 
piece is so fitted as to return over each end, and hold the pile ; 
while in the fire. After being 
to a bar about an inch wide and one-third of an inch thick, which is 
doubled up in three or more lengths, welded together, and — drawn 
out as before, this operation being repeated three or four times 


rifles, the difficulty however tes ; 
iful kind of — 


heated the pile is drawn or forged out 


according to the degree of fineness required, The bar is then heated, 
a small portion at a time, and hammered on the edge so as to flat ie ‘= 
out the contrary way to that of the stratification, by which f a3 


the wire or becokat ge out on the face of the strap or ) 
iron. “The barrel is then forged in the usual way, but,’?Captain 
Bagnold states, “much more jumping is used than in the English 
method, in order to render the twist finer.” “The most careful 
workmen,” he adds, “always made a practice of covering the part 


exposed to the fire with a lute composed of mud, clay, and thi Guat st : 


cows or horses, in order to guard against any unnec oxi 

the metal. When the barrel is complete, the twist is raised by laying 
the barrel from one to five days either in vinegar or a solution of the 
sulphate of iron, until the twist is raised; this process is called the 


wire-twist.” “To produce the curl,” he further states, “the bars or — 


straps are drawn out to bars about three-quarters of an inch Pe 
and twisted, some to the right and others to the left; one of each sort 
are then welded together, doubled up and drawn out as before; and 
upon the experience of the workman, any egg twist is produced 
by this drawing out, doubling, and twisting.” is latter process, it 
will be observed, resembles that of English workmen, as also does a 
piece of trickery which Captain old mentions, consisting in rough- 
filing a common English barrel, and welding a strap of Damascus iron 
spirally round it, or applying several such straps longitudinally, and 
welding them on; a fraud which must be severely condemned as_ 
impairing the barrel in a similar way to the attempted union of iron 
and steel above alluded to, It is important to notice, that the native 
Indian artists never work with coal under any consideration, but use 
solely charcoal from light woods. Coal, from its always containing 
traces of sulphur, is highly injurious to the tenacity of the iron, 

Greener describes many other varieties of gun- 1 iron than are 
mentioned above, but these need not be further noticed, except to 
remark that the inferior twisted barrels are usually formed of wider 
rods than the better sorts, and are consequently weaker from the 
necessarily oblique direction of the twist, and from the circumstan 
that large 
as from the inferior quality of the metal itself. He also deseri 
numerous ways, often very ingenious, in which frauds are committed 
by unprincipled gunmakers, to avoid not only the increased cost of the 
superior kinds of metal, but also the increased charges for labour in 
almost every department upon barrels of the best quality, In some’ 
cases a strip of inferior iron will even be introduced into the heart of 
rods or bars of Damascus iron, by which, owing to the different 
expansive powers of the two metals, the gun will be impaired more 
than by the diminution of strength and intrinsic value. R 

The great amount of welding Bye in twisted barrels requires a 
very large fire, and Greener states that several hours should be spent in 
forging inferior barrels before the fire can be brought to a fit state for 
thosg of the best quality Hence, he cone y wed Londen Saas 
forgera do not attain su cs) as those o 
Bismtoghian, because they do not generally make the inferior barrels 


rods‘do not get so thoroughly rolled as small ones, as wot ‘ 


_ surface of a large grindstone, the workman allowing 
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to bring the fire into a good state. The junction of the 
oeverct: aan rod necesary to make a. twisted barrel ie often 
effected 


z 


them 

barrels are re-heated to a welding heat,a few inches at a time, and 
hammered in a groove to the required size. Sometimes they receive 
a subsequent hammer-hardening in like way, when cold; but though 
this improves them much, it is often neglected, 

After welding, the barrels are very carefully examined, and if needful, 
straightened by a few blows of the er. Holland states that their 
soundness is tried also, by placing one end in a bucket of water, and 
sucking with the mouth at the other end, until the barrel is full of 
water, when, if there be any crack or flaw extending through the 
Seemed be ceencies by tie Ssppecrance of 
moisture on the outside. They are i ine with an 
of 


- being directed upon the outside to check the heat generated by the 


annealed for this purpose, as Dr. Ure has ted in the ‘ Dic- 
i of Arts,’ The outside of the barrel needs also to be made 

and even, which was formerly done by applying it to the 
e barrel to roll 
through his hands, so as to present every part of the surface 


successively to the stone ; but this is now in a great measure 


superseded by turning in lathes, a method which claims great economy, 
as well as superiority in point of accuracy, and the advantage of doing 


i 


with a most unwholesome business, and one by no means un- 

with . Ina lathe it is easy to ensure the perfect con- 
centricity of the inner and outer surfaces of the barrel, and the perfect 
rotundity of the exterior surface, whereas, under the old plan of 


After the first or the interior is fine-bored with an instru- 
ment having but one cutting angle, which is kept to its work by strips 
of soft attached beside it. Generally , barrels are bored 


with a perfectly equal cylindrical bore ; but some gun-makers prefer 
enlarging the bore a little towards the breech, under the idea that the 
consequent contraction of the muzzle will cause the shot to fly more 
closely. The breech end of the barrel is then tapped with a screw-thread, 
to receive the breech-plug, which closes it at that end, and forms the 
ee eee cee ie Posaee, sod in whieh, in wkay 
cases, is formed the chamber to hold the 


ee car ee chamber is connected with the touch-hole. The 
of this chamber, and of the connection with the touch-hole, 
is a matter upon which gun-makers differ widel ‘4 

The barrels are then ready for proving, which consists in firing them 
in a building in which their explosion can do no harm, with a charge 
four or five times as it as they will have to bear when in use. A 


of wood, with their touch-holes downwards, and conn 
train wder which is conducted outside the building, 
are 


: 


re 


a heap of sand to receive the bullets. Common 
ed to lie twenty-four hours in the proof-house un- 
in order that, by the action of the nitre in the gunpowder, 
or flaw may be rendered visible. They are then carefully 
and such as show any defect, or have bi with the 
returned to be reforged, after which they must -be 
while such as have stood the test satisfactorily are 

ingui mark. Notwithstanding the strict 
require ev to be thus tested, Greener thinks 

the pect iabek is forged, and states that some- 
committed by welding unproved tubes on to pistol 
been proved, so as to convert them into gun- 
of saving the difference of a few pence in the cost 


guns are very often made with two barrels fixed side by 
side upon one stock, Such barrels are made separately, and have their 
adjacent sides filed flat in order that they may lie close together. 
They are secured ribs running between them from end to 
ped grooves formed by their contact. 
general sporting Greener says that they should not be mounted 
with the bores perfectly parallel with each other, but #lightly con- 
v , 80 that their line of fire may meet at a given distance; but 
differ as to the best inclination or degree of convergence. 
The wooden stocks upon which the barrel or barrels are mounted is 
tmost commonly made of walnut-tree, though bird’s-eye maple and a 
nner” ace oosesionelly tae reer fitted to the barrel so 
itely as to leave as little as possible to depend upon the metal 
fastenings by which they are connected together. Giaah core should be 
taken to the weight, length, and curvature of the stock to the 
for use it is intended. Greener observes that it is 
cotnmon to make the stocks of sporting guns too short and too ; 
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and Colonel Hawker, in a passage quoted by Holland, says that “the 


length, bend, and casting of a stock must, of course, be’ fitted to the 
shooter, who should have his measure for them as carefully entered in 
his gunmaker’s books as that for a suit of clothes on those of his 
tailor.” “He has then,” the colonel adds, “only to direct that his 

may be well balanced, to do which the maker will introduce lead 
in proportion to their weight; so that, on holding each of them flat on 
the left hand, with the end of the feather-spring about half an inch 
from the little finger, he will find a sufficient equilibrium to make the 
gun rest perfectly on the hand,” When the shaping of the 
stock is completed, it is shod with steel for fowling-pieces and rifles 
and brass for muskets, the trigger-guard and other metallic fittings and 
ornaments are let into the wood, and eyery part is fitted with suitable 
screws and fastenings, after which the whole is taken to pieces; the 
woodwork is finished by staining and polishing, the metalwork is filed 
and blued, and the barrels afte sent to be finished, which is done in 
various ways, 

When intended to be bright externally, barrels are filed all over with 
smooth files, and then polished with a steel burnisher. Military 
muskets were formerly polished in this way, but the time and labour 
required to maintain the polish proved so harassing during service, 
that the Duke of Wellington, during the Peninsular war, dispensed 
with it, and allowed the muskets to be browned, Of the various 
methods of browning or staining barrels, of which every, gun-maker has 
his own, we may notice two, in the first of which; described by Holland, 
the solution employed consists of half an ounce each of nitric acid and 
sweet spirits of nitre, one ounce of spirits of wine, two ounces of blue 
vitriol, and one ounce of tincture of steel, These ingredients are 
mixed, the vitriol being previously dissolyed in sufficient water to 
make, with other fluids, a quart of mixture. The barrel, being first 
thoroughly cleaned from and dirt, and having the muzzle and 
vent stop up with wood, is wetted all over with this mixture, 
applied with a sponge or rag, and then exposed to the air for twenty- 
four hours, after which it is rubbed with a hard brush to remove the 
oxide formed on the surface. These operations may, if requisite, be 
repeated two or three times, until the barrel becomes perfectly brown, 
It is then carefully brushed, wiped and immersed in boiling water 
which holds a quantity of alkaline matter in solution, in order that 
the further action of the acid mixture may be prevented. The barrel 
is then dried, rubbed smooth with a burnisher of hard wood, and 
heated to about the temperature of boiling water, after which it is 
coated with a varnish com of spirits of wine, one quart ; pulve- 
rised dragon’s blood, three ms}; and bruised shell-lac, one ounce. 
When this is dry the barrel is finally rubbed with the burnisher to 
give it a smooth glossy face. The second method we shall allude to is 
called smoke brown or stain, and is recommended by Greener as one of 
the best preventives of fraud in the manufacture of twist barrels, 
since it brings out the grain or pattern in a way which, to say the 
least, it is not easy to imitate. For producing it, the barrels are 
anointed with a little vitriolic acid, which is washed off, and the 
surface rubbed dry. A forge fire is then lighted and blown up, with 
coals yore much seas ope gas and as little sulphur as pos- 
sible. When the coals are burnt until they give out a clear white 
flame, without any black smoke, the barrels are passed gradually back- 
wards and forwards through the flame until they are covered with a 
black sooty covering. They are then placed for eighteen hours in 
a damp cool cellar, by which the iron particles will become coated 
with a red rust, while the steel retains its original sooty coat. The 
rust and soot being brushed off with a brush of steel wire, the barrels 
are washed and polished with a linen cloth dipped in water and fine 
washed emery, by which the two metals become very distinct, the 
iron being dark and the steel bright and polished. After drying, the 
smoking is repeated, and the barrels are left in the cellar for twelve 
hours, and treated as before; amd thus the process is repeated until 
the barrel becomes as dark as may be wished, the darkest colour 
oe being a fine purple-black on the iron, with a copper tinge on - 
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The ve steps in the invention of the fire-lock, or that con- 
trivance attached to the breech of a gun by which the powder in the 
touch-hole is ignited, are noticed under Arms. The essential qualities 
of a gun-lock are, first, that it should work easily and efficiently, so 
that the force required to move the trigger and release the spring by 
which the hammer, or striking part of the lock, is moved, shall not be 
sufficient to interfere with accuracy of aim and rapidity of firing; 
secondly, that it should not be liable to go off at half-cock (a position 
in which the lock should always be kept until actually preparing to 
fire, and in which even the application of force to the tri no 
effect upon it), or in any other way accidentally; and thirdly, that 
when the piece is on full cock, the pulling of the trigger should cause 
the gun to fire with certainty. The delicate workmanship of modern 
locks, the manufacture of which forms a distinet trade, which is carried 
on chiefly at and in the neighbourhood of Wolverhampton, leaves 
nothing to be desired in efficiency and ease of working, while the 
ingenuity which has been devoted to this branch of mechanical science 
has provided numerous admirable plans for lessening the risk of acci- 
dent by means of tumblers or other contrivances for securing those 
parts of the lock which might occasion danger by their accidental 
removal. Some such contrivances, to give a fair account of which 
would require too much space in article, are illustrated by 
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sarge? wder was effected by the sudden stroke of a wedge-shaped 
int against a piece of steel, by which a stream of sparks was directed 
into the pan containing the priming; and the greater number of flints 
required for this use caused the cutting, or rather breaking, of them 
to be a considerable branch of industry. When the first attempt 
was made to oe gy contrivance the use < fulminating 
or detonating ler, which, being ignited by simple percussion, 
should set fire ‘to the ordinary pe ni in the ra oat we are 
not aware; but, according to the work just referred to, the first per- 
- cussion-lock was invented by the Rev. Mr. Forsyth, of Belhelvie, in 
Scotland. The improvement has, however, led to alterations in the 
construction of gun-locks which, as Holland observes, are hardly infe- 
rior to that which took place on the substitution of the modern flint 
for the ancient fire-match. The pan which contained the priming- 
powder, and the cover which shielded it until the moment of preparing 
to“fire, are rendered unnecessary, their place being supplied by a s' 
upright nipple, the perforation of which coincides with, and forms 
continuation of, the touch-hole of the barrel. The cock, or striking 
part of the lock, instead of carrying a clamp to hold the flint, becomes 
a simple hammer, with a snout adapted to fall exactly upon the top of 
the nip The fulminating substance is usually placed, for conve- 
nience, in a small copper capsule or cap, resembling a thimble in shape, 
which fits on to the nipple, and, if not blown to pieces by the explo- 
sion, is removed previous to reloading. The hammer is provided with 
a shield to prevent any ents of the copper cap from flying against 
the face of the shooter. e great superiority of the percussion prin- 
ciple in safety and certainty of action led to its adoption, after expe- 
riments most decisive as to its superiority, especially in wet weather, 
over the flint-lock, both in the arms of the British and all Continental 
armies. A long article relating to the compounding and use of 
percussion-powders made with fulminate of mercury, which forms the 
base of most such compositions, is given under “ Fulminates,” in Dr. 
Ure's ‘ Dictionary of Arts.’ 

Rifled guns are described under Rirtez. 

(Greener, The Gun, and Treatise on Gunnery ; Holland, Manufactures 
in Metal, in Lardner’s ‘Cabinet Cyclopedia; vol. ii, pp. 94-123; 
Barlow, Treatise on Machinery and Manufactures, in the ‘ Encyclopedia 
Metropolitana ;’ Dodd, British Manufactures —Metals, in Knight's 
‘Weekly Volume,’ pp. 102-107; Dr. Ure, Dictionary of, Arts, Manu- 
factures, and Mining ; Babbage, Economy of Machinery and Manu- 
Factures, sec. 362, 363.) 3 

GUN-BOAT. This term has for many years been applied to 
craft, mounting usually a — gun, when employed in the defence of 
coasts ; and until very recently it indicated v of no peculiarity of 
construction, strength having been considered the main qualification, 
such as sufficient to sustain the continued working of a gun of light 
calibre, 

Change in naval tactics has, however, from improvements in pro- 
jectiles, made such progress, that a totally new class of vessels has 
been called for. They are still further in request from the facilities 
afforded by progress in-the art of propulsion. For a long period the 
collecting of a large number of guns in one ship had been thought the 
perfection of a floating battery; but the experience of the last Russian 
war established the importance of having a part of the armament of a 
fleet detached in small vessels, calculated from their light draught of 
water to navigate estuaries and parts of the coast which had hitherto 
been protected by their shallows. 

Nor is it to this alone that the gun-boats of the present day owe 
their origin. The use of steam has so changed the features of naval 
warfare, that henceforward they will resemble more and more the eyo- 
lutions of an army in the field; and, above all qualifications, rapidity 
in manceuvring must be paramount; and such is not so easily attained 
in large, long, heavily-armed ships, which, whatever may be the weight 
of metal thrown by their broadsides, cannot be turned to an opposite 
direction except within a considerable area of space and without the 
lapee of several minutes. Hence the attention of government has been 
directed to the building of the modern “gun-boat. 

The ease. with which a small vessel of about 100 feet length and 
22 feet beam, having a light draught of about 64 feet at the load 
water-line, could 
to the screw, even when armed with a heayy pivot-gun equal to the 
largest used on board the longest three-decker, was at once apparent to 
the Admiralty ; and, accordingly, about 160 had been constructed by the 
beginning of 1860, 38 of them being actually on foreign service, some 
in the remotest parts of the globe; and before many months the num- 
ber will in all exceed 200, These are ly armed with one 
68-pounder gun of 95 cwt., so fitted as to be used either a-head or 
astern, or in any direction; while the vessel may be turned round 
almost in her own length, and in the lapse of a few seconds only, 
Some gun-boats have, in addition, a 32-pounder; others have two or 
four brass howitzers, 24-pounders, These vessels are propelled by 
high-pressure engines of 20, 40, or 60 horse-power. In these gun-boata, 
specially constructed for the purpose, and the crews of which are pro- 
tected by shifting iron screen-plates from the effect of rifles, we poasess 
& flotilla of formidable character; and as in any future naval contest 


be manceuvred under the agency of steam as applied |° 


these little vessels are destined evidently to play a conspicuous part, 
especially when armed with Y oe lac aivte aan . 
under, To prevent accidents from the screw when dismasted, 


a 


and also to prevent all avoidable encumbrance upon deck from the 
same cause, when in action, gun-boats are lightly rigged, have three 
short masts, and are fitted with gaff-sails, ae 
A class of what may be despatch gun-boats,” or, as they are 
officially called, “‘ screw steam - vessels,” and at t if 
about 10 in number, are of i 
would imply, built with i for speed. ey : 
200 feet long, and have about 30 feet beam, drawing upwards of 11 oe. 
water, are of about 450 tons, and propelled by engines of 40, £0, and 
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ratio with the strength of the nitric acid employed; the explosive and 
also differ consid bly. 
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first of which three equivalents of water, in the 
third five equivalents of water are respectively re 


y' di 
acid (NO,), the displaced hydrogen combining with the remaining 
pai it of oxygen from the nitric acid. — 


Finely carded cotton has already been shown to be nearly 
cellulose [CELLULOSE], and, as the other varieties of cellulose 
similarly acted upon by nitric acid, these explosive bodies may be 
viewed as nitro-substitution compounds of cellulose, and the p Heng 
gun-cottons thus represented :— ‘ 


Cellulose fu, LP 
No. 1, Trinitrocellulose .  . , 
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No, 2. Tetranitrocellulose . . a. 


‘ 1s 
No. 3. Pentanitrocellulose . . (NO,)s 


experiment may be 

sensible amount of heat being 

of powder without danger of the latter being set 
ety of gun-cotton is best prepared by digeting See 

in fifteen Ee td ot eee ney ae ee Te 

1500, and of sulphuric acid of sp. gr. 1°845. The cotton must 

completely immersed for about four or five minutes, and then pl 
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ion moreover leaves an opaque film on on. 

No, 2. is only moderately explosive, but readily dissolves in the 
mixture of ether and alcohol, the solution leaving on evaporation a 
ee eee see Hence this variety of gun-cotton is best 

for the p: i : 

oy sah i yt plammaalcoepeer ee It is 

largely by photographers, and prepared as follows :— 
Take of nitrate of potash, well powdered and dried, 600 grains, add to 
it a mixture of one anda half fluid drachms of water, and twelve fluid 
drachms of oil of vitriol: well stir the whole until it assumes a 
uniform pasty consistence, and then add in small tufts at a time, about 
forty grains of finely carded cotton. Let the cotton remain immersed 
a alyre opr agli eleelem de Ae Baris directed 


under explosive If all the ials used in the process 
be pure, the i -cotton will be perfectly soluble in a mixture 
of seven parts of ified ether, and one of absolute alcohol, and 


moreover, the film of pyroxylin, left on the evaporation of the liquid 

et een Err Ow A Reams plate, will be 
quite clear transparent. 

in. balloons.—({Collodion balloons..\—A strong solution of 

Gites tack, ead rapucsted: tS. tyme by biching dsy ais into the 

, and to wing air into the 

. By a little careful spntoatolon the pyroxylin may now be 

from the sides of the glass, and the whole drawn through the 


may be made use of for some pretty lecture 
explosive gases. Thus they may be inflated with a 
es of hydrogen, and one volume of oxygen, 

ceiling of a room, and there ignited. ie 
mixture is most conveniently effected by closing the 
f the balloon with a piece of thread impre with nitrate of 
setting fire to the thread immediately before the balloon 


usually considered not only all the injuries produced by 
balls, bullets, &c., striking against the ly, but those whi 
from the projection of stones, splinters of wood, and other sub- 
stances broken off and thrown about by heavy balls, or by the explosion 
We shall here include, however, only those produced by 
the themselves, because the others differ in no important degree 
from the more common contused wounds. 

When a shot strikes the body it seldom produces much, if any imme- 
diate pain: a pricking sensation is felt, but the pikes pos 
injury only by his inability to move the part, or 
ickling over the adjacent sound skin. Whole 

are known to have been shot off without the consciousness of 
the individual when in the heat of action. Sometimes when discovered 
the injury produces but little effect on the system : the courage and 
intellect remain unaffected ; the pulse and respiration unaltered. Most 
frequently, however, if the 


been deeply injured. If the heart or 
is often seen to leap from the ranks into 
from 


may a shot without the skin being 
bryos These were long considered oS pager (as they are 
SSPEARS ct nol tm solic Gnd etehgetnnalbn ie wells Pamroge. 
i of the set in motion com: its swift passage. 
ir that saeiianitig ths body io ther on 
would not have much force outwards; 
of eee emer we ball being 
— around is free and move- 
density necessary to produce 
such as . But still more certain iessak that 
tlie air moved by the ball is gt p= harmless, is afforded by nume- 
rous i hich portions are shot off without the parts 
beneath being injured. Dr. Thomson saw, after the battle of Water- 
loo, a man who had the tip of his nose carried off by a cannon-ball, 
i any further inconvenience; and another whose external ear 
was shot away, and his hearing not at all affected. Vacher also saw a 
man between whose legs a cannon-ball had passed, grazing one, and 
ihg off a piece of the trowsers over the other, but producing no 
whatever. In the same manner, when a limb is shot off, the 
parts above the wound are but slightly injured. The real cause of this 
ARTS AND SOI. DIV. VOL, IV, 
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kind of injuries is, that the ball, whose force has perhaps been some- 
what spent by the obstacles it has previously met with, strikes the part 
obliquely, and therefore with only a small part of its surface, so that 
the force -applied is not sufficient to break through the skin, which is 
not only remarkably tough and elastic, but being placed on soft tissues 
which serve it as a kind of cushion, will yield considerably without 
tearing, and thus slant the ball off in another direction. The muscles 
and other tissues beneath it, however, being compressed between the 
ball and the bones, are more or less broken: there may be only a com- 
mon bruise produced, but frequently the parts are found completely 

i ised, broken up into a pulp with the blood effused from the 
vessels (often of considerable size) that have been ruptured, and some- 
times even the adjacent bones are split and broken into fragments. If 
the ball has struck the head, or chest, or abdomen, the organs they 
contain may be ruptured, and give rise to such hemorrhage or effusion 
of their contents as may be rapidly fatal. It was in such cases as these, 
when men were found lying dead in the field without any external 
mark of injury, that it was su they were suffocated by the ball 
passing rapidly before their mouths. If the ball penetrates the mi 

opening with its edges inverted, and appearing somewhat 

smaller than the ball itself, is seen where it entered. The around 
has a bluish or black colour from the bruise, and the cell tissue in 
the track is seen black and dead. If it has struck a part perpendicu- 
larly, the ball will most likely enter into it straight; but if it have 
struck obliquely, it may be al er slanted off, as in the i 
cases, or at least its course thro the skin will be made more oblique, 
so that it will fall on the subjacent muscles at a still more acute angle 
than it did on the surface of the body. Its force, too, being somewhat 
expended, it will-be the less likely to penetrate the dense fascia which 
usually covers them ; and hence it is often found to have rum for a 
considerable distance beneath the skin, till its force is completely 
spent, or till, meeting with a greater obstacle to its course onwards 
than outwards, it passes through the skin again, at a part considerably 
distant from that at which it entered. Some most remarkable cases of 
circuitous passages thus produced are recorded, Dr. Hennen mentions 
one in which the ball entered at the pomum Adami, ran completely 
round the neck, and was found close by the aperture at which it had 
penetrated ; and another in which a ball struck the middle of a soldier's 
arm as he was climbing up a scaling-ladder, passed along the limb, over 
the back part of the chest, coursed along the abdominal muscles, dipped 
deep in the buttock, and presented at about the middle of the thigh, on 
the opposite side to that which it first struck. Sir C. Bell saw two 
cases in each of which there was one hole in the back, and another 
above the breast, so that externally they looked almost exactly alike ; 
but in one case the ball, having struck obliquely, went up over the 
shoulder, and thence down to the breast; while in the other it had 
struck dicularly, and had gone straight through the chest. If 
the the muscles, each layer that it meets with 
will render its course more oblique, till striking on the bone it may 
run for some distance along its surface. If it strikes very obliquely 
against the walls of a cavity, as the head, chest, or abdomen, its force 
may be so much ys none in passing through them, that it may run 
for some distance along their concave internal surface, unable to pene- 
trate the organs contained in them, as in cases mentioned by Dr. 
Hennen, where balls coursed between the peritoneum and intestines, 
and in one instance half round the chest between the lung and the con- 
cave surface of the walls. Similar cases are seen when the ball, striking 
very obliquely, does not penetrate at all, but runs for some way, even 
on @ concave , between the dress and the skin, which it marks 
by only a slight graze. In these long or circuitous tracks, if the ball 
have run deep, there will be nothing to indicate the situation at which 
it has stopped; but when it has d near the skin, its course will be 
marked by a dull bluish or dusky line, or a slight wheal. If it has 
passed directly into a limb, the most common situation for it to be 
found in is immediately beneath the skin on the opposite side; if it 
strike a bone, it is more likely to be arrested by its cancellous than by 
its compact tissue: often on passing through either its further course 
is prevented by the tough resisting tissue of ligaments. In almost all 
cases in which the ball has penetrated without passing through any 
part of the body, some foreign substance will be found in the track of 
the wound ; either the~shot alone, or with it portions of clothing, of 
the contents of the pockets, or cartridge boxes, or even (as in cases 
given by Dr. Hennen) of the bones of some other person whom the 
ball had before struck and brought along with it. Sometimes the 
portion of clothing carried before the ball is not perforated, but driven 
inwards in the form of a cul-de-sac, which may be drawn out again 
with the ball in it. Such a case is related where, in an attempt at 
suicide, a man fired a pistol close by the side of his head; the ball 
passed some depth into the brain, carrying the side of his night-cap 
before it, so that on taking it off the portion forced into the skull drew 
out the ball. 

When the ball passes quite through the part, the aperture by which 
it makes its exit has characters just the reverse of those which we have 
mentioned as belonging to that by which it entered. Its edges are 
everted ; it looks somewhat larger than the ball, and is less bruised, 
In these cases no foreign body may be found in the track of the wound, 
which is generally less circuitous than in the Lacan class. Some- 
times the ball is split by striking against the sharp edge of a bone, or 
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obliquely on its surface ; and then, while one piece passes out the other | » bone, it may lodge in it superficially, and may then be displaced witk 
may an any other direction among the tissues, where its presence | the forceps, or with the end of a scoop, or, if more deeply fixed, with a 


is not likely to be suspected, i 

Lastly, a part of the surface, or of the whole substance of a limb, or 
of the trunk, may be completely shot off, either by one large ball, or 
by a whole charge of small shot. The surface thus left is uneven, 
ragged, and bruised; the vessels and nerves lie exposed, or hanging 
out; the bone protrudes, and is often split up, even to the next ony 

In all cases in which the ball has penetrated, the parts with which it 
has come in contact are so much injured that their vitality is destroyed, 
and sloughing to a greater or less depth ensues; to a greater distance 
around 1 the tissues are severely bruised. The part divided pre- 
sents a torn uneven surface ; the vessels roughly rent across ly 
contract and close so that but little blood is lost at first; if a nerve be 
divided, unusual pain is produced, and the part is paralysed ; if a bone 
be struck, it splinters, especially in the longitudinal direction, and is 
besides so shaken that death ensues in it, as in the softer tissues: after 
penetrating part of a bone, the ball often loses so much of its power 
that it remains firmly impacted in the medullary canal. If any of the 
cavities be penetrated, it is indicated by effusion of their contents, and 
other peculiar symptoms, as in the lungs by spitting up of frothy 
blood, extreme dyspnea, air passing through the wound, and some- 
times emphysema; in the abdomen, by protrusion of the viscera, passage 
of bile, fecal matter, &c., into the cavity, producing at first extreme 
depression, followed by intense peritonitis. 

The first process for the repair of the injury which gun-shots have 
occasioned is the separation of the slough or dead portion around the 
track of the ball. As in similar cases from common causes, the inflam- 
mation necessary for this purpose supervenes but slowly, tho when 
established it is very intense, accompanied with great swelling, heat and 
pain of all the surrounding parts, and severe constitutional disturbance, 
fever, sleeplessness, disordered stomach, &c. As the slough separates 
and protrudes at the orifices of the wound, these (when double) pre- 
sent appearances just the reverse of those which they had when first 
made; that at which the ball entered (then the rey 44 is ee! the 
largest, its edges are wide open, and it is generally with a large 
piece of sloughed tissue hanging from it, like tow dipped in pus; while 
that at which the ball passed out is contracting, or has been eae 
healed by the first intention. This difference depends on the 
having lost much of its velocity in passing through the several tissues : 
hence the part last traversed is less bruised or destroyed ; and if, as is 
often the case, the ball has been flattened in its course, it may have 
passed out with its sharp edge forwards, and given the latter of 
the track so much the character of a common penetrating wound, that 
it might heal by the first intention. The constitutional symptoms 
change when suppuration is fairly established, the surrounding inflam- 
mation is lessened, the fever subsides, and in slight injuries the health 
may seem but little affected. In more severe ones, where, with con- 
siderable loss of substance, a very copious suppuration occurs, or where 
it involves some important tissue, as a joint or bone, &c., hectic fever 
supervenes, with debility, a small rapid pa, speedy emaciation, 
copious night-sweats, diarrhea, &. A chief danger accompanying the 
separation of the slough is, that some of the large vessels, which, when 
torn by the ball, did not bleed much, if at all, may now ulcerate, and 
produce severe hemorrhage ; but if this be avoided, the further pro- 
gress of the wound presents nothing that could distinguish it from one 
of the same extent produced by any penetrating instrument, and in 
process of being filled up by granulations. 

Gun-shot wounds partake of the natures at once of penetrating, 
lacerating, and contused wounds, and they present the characters of all 
these in an extreme degree of intensity, from the velocity with which 
the ball, ill fitted by its shape for penetrating, has been propelled. 
The general rules of treatment must, however, be the same as for 
similar injuries from common causes; but it will be advisable here to 
notice a few points peculiar to this class alone, and to point out what, 
after long discussions, are now the most generally received rules of 


practice. 

The extraction of the ball and other foreign substances, though its 
necessity has been very much exaggerated, is first to be considered. If, 
on examination of the wound (which should be made as much as possible 
with the finger), the ball and the substance it has carried in with it be 
felt tolerably moveable, and in a part where forceps can be easily ay plied, 
they should certainly be at once extracted ; and sometimes, though 
very rarely, it may be advisable even to dilate the wound by incisions 
along its sides for this purpose. No violent attempts should ever be 
made at first to accomplish the removal; for as the walls of the wound 
slough and suppurate, the track will become larger, and they may then 
either fall out or be easily displaced; or they may sink down, and, 
presenting a dependent part, may be taken out after merely dividing 
the skin over them ; or they may become imbedded in the surrounding 
tissues, and as the irritation at first produced subsides, the adhesive 

mation may form a loose sac around, in which they may lie for 
years, without producing any further inconvenience. 

Tt has been already said that the ball may pass through a part, and 
lodge just beneath the skin of the opposite side, or that, after a cir- 
cuitous course, it may be found under the skin at a distance. In 
either case, if it can be felt, even at the distance of an inch below the 
surface, it should be cut down upon and removed. If it strike against 


bullet-sorew. If it pass through its wall into the cancellous texture, 
many surgeons recommend that the bone should be cut down upon, 
and a trephine applied over the ball, so as to cut out a piece of bone 
sufficiently large to draw it through, If the ball or other substances 
be not extracted at first, and remain fixed after the sloughing and sup- 
puration, no further attempt to remove them should be made till the 
inflammation that has supervened is fairly subdued; then, if much 
irritation continues to be excited, if abscesses form about its track, and 


much constitutional disturbance is produced, it may be necessary to 
use every effort to find out their seat, and if possible mal pg 
but if still im ble, and amputation cannot be performed, or is 
not deemed advisable, the future treatment must consist in su 1g 
the patient by tonic and anodyne medicines, and by the mildest anti- 
phlogistic local applications. 4. 
Whether the'ball be extracted or not, the simplest possible dressings 
should be at first applied ; a piece of linen spread with some mild oint- 
ment, fixed on lightly by strips of adhesive plaster, and covered by a 


; 
tomfortable applications. Tight beadagen stimulating and 
jurious. It m 


may 


the patient, and then it should exchanged for some warm emollient 
poultice, or lint dipped in warm water or spongio-piline ; and the consti- 
tutional disorder altering with the condition of the sore, the reducing 
remedias nay bo laid sckie, and sown Sopyamec hay 1900 SaNek Ae 

iet, &e. ie 

The question of amputation, when that operation is applicable, 1 
be decided as in common cases by hap cneevagh pes septs: | 
rule can be given, except that, ceteris paribus, it will be advisable in 
many cases in military practice, in which in civil practice it would be 
scarcely justifiable. If the difficulty of removal from the field to any 
permanent hospital, the insufficiency of accommodation and nursing, 
which must be experienced when numbers are simul! 
wounded, the badness of the air to which they will probably be 
in crowded barracks, and other circumstances inseparable 
movements and arrangements of large military or naval forces, 
sidered, it will be evident that it would be advantageous to 
severe wound, contused and lacerated, which even under 
favourable circumstances would be uncertain and most 
progress, into a clean incised one like that of an amputation, in 
danger from bleeding may be lessened and which will requi 
attention than the other, As to the long-debated questi 
time amputation should be performed, it is now agreed, 
period is as soon as possible after the patient has recovered 
immediate depressing effects which often follow the reception 
wound. 

Wounds of the head, chest, and abdomen must be treated as 
common cases; if the ball be lodged in these cavities, it 
improper to use more than the most gentle means to extract it; 
in the abdomen, it will generally be quite useless to search for it. 
most vigorous antiphlogistic treatment will be necessary to give 
acces eooneienn unfrequently hen th 

gem! not uently ensues, when the 
around the track of the wound slough by ulceration of the 
vessels injured by the ball. The bleeding vessel must, if possib 
this case, as well as if it is observed at the first receipt of the injury, 
at once cut down upon and tied both above and below the opening, 
In the same way, portions of various organs may slough from the 
injuries received, and, by giving issue to their contents, may produce 
rapidly fatal symptoms. 

n cases where the skin is not injured, but the parts beneath greatly 
bruised, it is recommended to make one or more incisions in order to 
clear out some of the coagulated blood, &c., and to permit the dis- 
charge of the slough. Where the bones and vessels are considerably 
broken, as sometimes happens in these cases, amputation is at once 
necesssary. In all cases when the sloughs have separated the wound 
commences to granulate, and from this time, whether its progress be 
towards recovery or death, its treatment need not differ from that of 
wounds in a similar condition from common causes. 9 

(John Hunter, Treatise on the Blood, Indammation, and Gunshot 
Wounds, ‘ Works; by Palmer, vol. iii, 1887; Larrey, Mémoires de 

irurgie Militaire, 4 yols, 8vo, 1812 ; Guthrie, On Gun-shot Wounds of 
the Extremities, 1 vol. 8vo, 1815 ; John Hennen, Observations on some 
Important Points of Military Surgery, 1 vol. 8vo, 1818.) 

GUNNER, NAVAL, the highest rank in the grade of warrant 
officers in H.M. navy. A class of naval officers of whose multifarious 
duties very little is generally known, and a detailed account of which 
would excite surprise. It is sufficient herein to remark, that a naval 
gunner must of necessity be a man of considerable intelligence, as the 
benefits of all the evolutions necessary in the presence of an on 
would be neutralised, if he be deficient in skill, self-command, 
decision, The following are some of his acquirements, duties, and 
responsibilities : he must, in the first place, have received a ordi- 
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education to enable him to pass the examination 
of him. Not is a regular course of ction undergone on 
board the “ * gunnery training ship, at Portsmouth, but on 


returning from foreign stations, and before -being permi 
upon another ship, he is to present himself at the “ Excellent,” and be 
made proficient in any improvements in which may have 
been introduced during his al . The discipline of a ship is much 
dependent on his judgment, andj tact, and the con- 
tentment of the crew is seriously influenced more or less by the 
manner in which he conducts his duties, for he is the drill-master of 
the ship (subject in,very large ships to the inspection of a gunnery- 
lieutenant). Assisted by his one to four or five mates, he has to 
instruct from 50 to 1000 men (according to the size of the ship), in- 
cluding the junior officers, usually styled “ young gentlemen,” in the 
great gun exercise, also with rifles, swords, pikes, and pistols; has 
charge of all the extensive and costly armaments and military stores, 
such as , small arms, powder, shot, shells, rockets, &c.; he is 
responsible for the various taterie, and that their requisites are kept 
at in convenient places, and in serviceable condition, yay for 
action at a moment’s notice. A gunner, moreover, has of the 
magazine, and is required to be capable of working it in total darkness ; 
and to be able to send ous Be Beene nd SunreeaeA Ds sation, Heoper 
charges for certain guns, He must be ready at calculation, at taking 

for ascertaining the distances of objects, and cutting his fuses 
accordingly with the nicest He must have a considerable 


of a 
ing his fire, &c. He must have correct notions of labora- 
light in the manufacture of the various compounds for fuses, blue 


stores, only receiving z 
ing officers. Teaiill woiaida:bu kag (nts other, warrant 
officers) a lieutenant’s watch on deck, and therefore must be a 


eae eae uorenant Lars pond Crore toned work a ship in 
es 


to 86/. perannum. He is obli to dress (in uniform) with 
Hmnooability of ving from his eae a ti seme 
ibili sa money is pay, is position one of 
dissatisfaction in the service, especially as the warrant officer 
only rank in the navy, from the admiral to the second class boy, 
which does not receive the same pay in harbour service as at sea, 
( eafetre dow llase brag rat flee on clige —papler a hase 
to 101/., and 86/. reduced to 63/. per annum. He cannot leave the 
service until entirely worn out in it, without forfeiting 
and when pronounced by a medical 


the emolument of gunners is considered to be so di to 
their responsibilities, as to have kept many good men from seeking the 
warrant. This is now pily under consideration; already has the 
Admiralty not only to warrant officers their rank as next to 


"second masters, of which they were deprived in 1844; but in February, 


i 
F 


pension to the widows of warrant officers was very con- 
restored also. [Boarswaty.] The chief gunner’s mate is 
and all the mates pass examination in the 


GUNNERY is that branch of the art of war which comprehends the 
theory of military projectiles, and the manner of employing ordnance 
in the attack and defence of fortresses or positions. 

Under gr head os eee will be Sapnd an Degen gies the intro- 
duction of gunpow or purpose of dischargin; rom cannon, 
and a description of the earlier forms in which they es made, Under 
the head of Orpyance is described the present construction of cannon 
and their weights and sizes. Representations of the forms of many 
of ordnance may be seen in the ‘ Treatise on Artillery,’ 
by Diego Ufano, 1614, as well as in the ‘Prattica Manuale di Artiglieria, 


: 
i 


by Luigi Colliado, 1606. Generally the ancient fire-arms were so con- 
stru as to large masses of enormous weight ; and it is said, that 
when Mohammed IL. besi Constantinople, he employed pieces whose 


ibre (diameter of bore) was equal to 12 palms, and which projected 


unwieldy machines. ‘lhe 13-inch shell which is now employed weighs, 
when loaded, about 200 lbs. ; but when the French besieged the citadel 
of in 1832, the Belgians brought up a mortar whose calibre 
was 24 , and whose shell when weighed 1015lbs. The 
effect produced by it was not, however, 80 great as had been antici- 


to have been the first mathematician who wrote on 
balls when projected from fire-arms, and in his ‘ Quesiti 


to enable him to readily lay off lines, 


et Inventione Diversi,’ which was printed at Venice in 1546, he inves- 
tigates a few particulars concerning that kind of motion; but the low 
state of the theory of such motions at that time may be imagined, 
when we consider that he thought it necessary to disprove the opinion, 
which then prevailed, that one part of the trajectory, or path, of a 
cannon-ball was rectilinear. 

In 1638 Galileo published the ‘ Dialoghi delle Scienze Nuove, in 
which, together with his investigations concerning the composition of 
motions in general, he shows that a shot projected from a gun describes 
a parabolic curve. He states that the shot is urged by the impulsive 
force of the powder in a rectilinear direction, coinciding with the axis 
of the bore, and that it would move with a uniform velocity if it were 
not continually deflected by the attraction of gravity from that direc- 
tion; he shows also that this deflecting force, exerted in lines perpen- 
dicular to the horizon, would cause the shot to descend in such lines 
with a variable velocity. Now, the spaces which would be described 
in consequence of the projectile force, being proportional to the times 
of describing them,—and the spaces described in consequence of the 
earth’s attraction being proportional to the squares of the times,—it 
followed, from the relation between the spaces so described, that the 
shot, which, according to the laws of the composition of motions, would 
always be at the intersection of the lines representing the spaces, must 
describe a curve with respect to which the corresponding lines would 
have the same relation; that is, a parabola. ; 

Galileo expressly says that this curve would be described by the 
shot, if it were not resisted by the air; he was aware of that resistance, 
and he proposes a method of finding its effects, It is now well known 
that the resistance of the air, when the motion of the projectile is rapid, 
is such as to cause the latter to describe a curve-line very different 
from a parabola ; and, consequently, that the parabolic theory, as it is 
called, is of small importance as a guide to the practical artillerist ; 
yet, as it a certain interest on account of its connection with 
the general subject of projectiles, and is a step to the investigation of 
the real trajectory, we will proceed, before entering upon that investi- 
gation, to give a demonstration of the fundamental proposition, and 
— a few of the principal deductions which are usually made 

m it, 

The following investigation of the curve described by the centre of 

gravity of a shot pee obliquely in a vacuum is extracted from 


Captain Boxer’s ‘ ise on Artillery ’— 
Fig. 1. 
Vv , oe 
YY ‘ 
i 
“A L a 


Let v = the initial velocity in the direction a. 

@ = the angle @ax made by the direction of projection with 
horizontal 2, 

# and y = the horizontal and vertical co-ordinates at any point 
P in the curve, from the point of departure a as the origin, 

t = the time of flight to the point P. 

4x = the whole horizontal range. 

LK = the greatest height of ascent. 

rt = the time of flight to the point x. 


Now, if no force were acting on the projectile it would, by the first 
law of motion, move on for ever in the-line aa with the velocity vy. 
This motion is, however, in fact modified by the action of two forces— 
the resistance of the atmosphere and gravity ; and as it is proposed to 
leave the former out of consideration for the present, it only remains 
to compound the motion produced 44 gravity, which, by the second 
law of motion, is the same as it would produce upon a y at rest, 
with the uniform motion in the line 4G, in order to obtain the actual 
motion of the shot upon the hyputhesis assumed, 

We have then ap = distance described with the velocity v in the 
time = ¢= vt. 


2=AM=Ap cos pAM=Vt cos a, (1) 

Mp=<ap sin pAM=Vtsina, 

p P=distance described from rest by the action of gravity during 
the time t=49?, 

y =MP=MP—pP=Vtsina— hgt (2) 


867 GUNNERY. , 
and substituting in (2) the value of ¢ derived from (1), seaxen ae 
LBAX= ‘ 
Veina.z 2 Dayal *' mastime of ry 
Y= vee ~ 9 Weta = 74 — Fe cceta (3) GB: e¢ 5434 9a «<< 
Let A represent the height which a body must fall to obtain the ZGaB=(a—£); La 
velocity (¥), whetin Gch apse "iy Sho Baaee'O gearily only) hen ZamontQ0- Zanzi - 
3 = = 
hy 2gh, oB=hgr; AG=VvT. : 3 


and substituting this value in equation (3) 


a 4 
. y=ctna— Tosa (4) 
which is the cog etangios parabola, the diameters ee 
parallel From this equation all the properties relating to 


to a 
potheie in a vacuum may be derived. 
Jind the Time of Flight.—To find the time of flight t we have 


GX=aGsina=VTsin@ 
Gx=|gr 


nia 
SjgP=vrsina—J.and t= ——— 


: (5) 
g 


The time of flight varies, therefore, with the sine of the angle of 
elevation. 
The same result might also have been obtained by putting y=o in 
equation (2). 
ae Jind the Horizontal Range——To find the horizontal range we 
ve, 


AG=VT 

ee ae by (6) 
are 2 Vv? sin a cos a@ 
or, AX=2h sin da, (o) 


The same result would be obtained by putting y=0 in equation (3). 

. Tt ap , then, that when h, or the initial velocity, is constant, 
Pe or tas Social tal range, varies as sine 2a ; and the value of aX is 
greatest when 2a=90, or a=45, in which case aX=2h, 

Again, with the same initial velocity there are er, two 
angles which will give the same horizontal ratige. For the sine 
ae Lae ee 88) eed So Seng en Ree equal distances 

m 4 

Lastly, with the same angle of projection the initial velocities are as 
deatersece pack ot the 

To find the greatest Height to which the Shot will Rise.—In order to 
find the greatest height to which the shot will rise, bisect ax in L, 
then AL=L sin 2a=2h sin a cosa; and putting ML=z,x=amM=2h 
sin a cos @ + Z, substituting this value (3), 
mn (2h sin a cos a + 2)? 
MP=y=(2hsin a cos a+ 2) tan a— Fa 


22 
=2h sin? ata tana—{hsinta+2tana+ oo} 
ee (7) 
4h cos? a 


uP or y has, therefore, its greatest ran Fo value when Z=0, 
LK is therefore this height, and is equal to h sin* a, 
ao (7) shows that the Aeconed is symmetrical with respect to the 


line 1 

To Fad the Time of Flight, Range, &c., when the Plane is not Hori- 
zontal.—Should the line joining the object and the piece not lie ina 
horizontal plane, then, as the direction of the force of gravity is not 
perpendicular to the plane in which the gun and object are situated, 
the foregoing formule will not be applicable. 


=h sin? a — 


Figure 2, 


+ 


pee 


Let aX represent a section of the horizontal plane, and a8 that of 
the plane containing the gun and object B, 


By substituting these values in the above proportion we have 
g@:v7T:: sin (a—B) : cos 8 
g@ cos B=V 7 sin (a—) 
- Tae B) 


cos B 
Substituting this value of 1 4a th the equator ag=V1, 


2 sin (a—8) »* 
Me ae 
sin (a—8) 

=4h eae: 


Also, sin AGB=cos GAX=cos a 
sin ABG=sin ABX=cos f, 


Substituting these values in the proportion 4 
AB:AG@:: SIN AGB; sin ABG 
we have, rf 
an: 4h cosa: con 8 ‘ 5 
sin (a—8). cos a ; 
echt "aaa ar . 


If the plane bea see ai 


negative. 

On the A of the Equation to the Curve described by 
ina Vewabt oe Morte Practice.—Although the tring ther 
give results very different from those found in practice with 

projected with great velocities, still, for the 
Tortare, it will nt be ir from curreut, #a:naay ioe aah 
of the following tables, extracted from a work en’ 
Blastique,’ by M. Didion ; Shs‘ sacubncs OdrteipsiAee tour inch and 
10-inch. - 

Table of Ranges calculated without taking into account the resistance a 
of the air, and the experimental ranges : 


Ranoxs or Suetis 28 cenrimirres Ranogs or Suecrs 28 centrmirees fee 
DIAMETER, DIAMETER. Co ie 
° o - 
» Elevation 30°, 4 Elevation 30°, 4 
i 
FA Observed. | Calculated. | Difference, Observed, Caleulated,/Difference.) 
° 
Mét. | Metres. | Metres. | Metres, || Met.) Métres. | Métres. | Métres, | 
457) 383 396 +18 343) 290 298 | + 8 
734 637 637 0 629) 561 645 — 16 
1132) 9980 982 +2 1146) 1011 993 —- 18 
1555) 1355 1350 — 5 /|/1792) 1690 1552 — 138 
1757) 1516 1522 +6 


* Equations (1) and (2) may also be determined from the equations to the 4 
curve in the following manner :— . 


AaB cos B=z=y 00s aT 
ap sin S=y=v sinar—jgr* 


¥ I» 
tan B= > = tan @— ST coe 


2 v (tan @— tan 8) cos @ 


t= 


and aed 


Again, 


cos? 8 4 
a =cos 8 tan a—sin 8 


sin (a—8) 
= 00s @ 

2v* sin (a—f) cosa 4 
r= mene." piace . zs 
iheatacdy ane 
hemes Te Daren 


= cos? 8 


” simple if we might 
- air during the flight of the shot; but, in fact, when high charges of 


— 
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2h=range with an elevation of 45°,. 
the times of flight from the formula 


The theory of the motions of projectiles would therefore be very 
the effects produced by the resistance of the 


are employed, the trajectory bears no resemblance to a para- 
lic curve, and can only be exp by equations of a transcendental 
nature. 

From the time of Galileo to that of Newton, though the subject of 
the movement of projectiles occupied the attention of nearly every 
mathematician in E' , it seems to have been taken for granted that 
the resistance of the air was too small to deserve much consideration. 
, while he admitted that its effects migh’ 
when the projectile was light, conceived that it would be of no 
importance when the heavier kinds of shot were employed; and it is 

to conceive that the ideas then entertained of the form of the 
very wide of the truth. Huygens himself, from an 
ion that the resistance was Fie ae ae oon 


simply, asserted that the path of a shot the air was a 


by bodies 

4 0 aii a bray en teeweerg Ss 
etaaibliuin to ‘Principia’ lib. iL), 
i i‘ of the velocity; and elsewhere 

he proves that, ceteris paribus, the resistance to globular bodies varies 
as the squares of their diameters and as the density of the medium. 
takes retardation which would be caused by 
the condensation of the fluid in t of the body when the motion is 
rapid, and of that produced in uence of the air not being able 
to fill up immediately the partial vacuum which exists behind the 


Newton 
induced a few mathematicians to ado in their researches the principles 
Daniel i sepennie Nave See eee 


é 
F 
: 
s 


which it would rise in vacuo with the same initial 
velocity, he has manifestly estimated the resistance much toolow. And 


made to arrive at 1 
methodsemployed by Mr. Robins were, for high velocities, the ballistic 
a, ad for low velocities the whirling machine, which he 


As with low velocities the shot rebounds from the ulum 
block, which would therefore, from the elasticity of the shot and block, 
not give correct results. For a description of this machine, see Robins’ 
* New Princi; of Gunnery,’ and also Hutton’s ‘Tracts, No. 36, Dr. 
Hutton ha employed the machine made by Robins. With the 
ballistic jum, being placed at different distances from 
the pendulum sail the eslocitlen of the aavecal: dint deter- 


Let aB'B jig. 38, be the curve, of which let mm be an indefinitely 
small are described in the unit of time (as one second) in consequence 
of the projectile force; then, if the force of gravity and the resistance 
of the air were not to act on the shot, the latter might in the next 
equal portion of time be supposed to describe the line mn in the~ 
direction of a tangent to the curve at mM. But, during this portion of 
time, let the diminution of motion caused by the resistance of the air 
be represented by »n’ and the deflection produced by gravity be 
represented by n’m’ ; then m/’ will be the place of the shot at the end 
of that portion of time. Draw the vertical lines MP, mp, n'p',nq; 
and the horizontal lines Ms, n/t. Let ap=xz, PM=y, and the are 
AM=z; let also R represent the force of the air’s resistance and g the 
force of gravity (both forces being measured by the velocities which 
they would produce, at the end of one second, in a body moving by 
their impulses). 

Then, by the laws of motion, the velocities varying proportionally 
to the forces and times of motion, we have rd-t and gdt for the 
resistance nn’ and the force of descent nt during the evanescent 
portion of time expressed by dt, And by the resolution of motions 
nt 
avn ® “will express the diminution of velocity vertically in con- 

4 


t 
sequence of the resistance, while = R dt will express the horizontal~ 


diminution on the same account. But from the similar triangles msm, 
n’‘tn, we have 


nt dy 
n’n:n’t::Mm:ms::dz:dy; whence ie ae 
nt dx 
Also n’n : n’t:: Mm: Ms::dz:dz; whence [> = 7G 
R dy dt 


Therefore the vertical diminution becomes 
< R dx dt c ’ 
nution horizontally, —7-—. To the former adding gdt for the action 


of etets roy aie we have, for the whole vertical diminution of 
t 
* - + gat, 


Now the vertical and horizontal velocities of the shot in vacuo, at M, 
d, dx 
being represented by ms and Ms; that is, by a and 7 respectively : 


and, in the ascending branch of the trajectory the forces arising both 
from gravity and the resistance of the air being retardative, the 
velocities in the next second of time will be; in the horizontal 


dx dz , d d 
direction 77 —d (z): and in the vertical direction, 7 _ az 
that is, the diminutions of velocity are, in the former direction, 


dz 4 dy 
—d ( x) and, in the latter, — d (FZ). Consequently, 


—; and the dimi- 


velocity, 


nets -a(G).-.-.@ 
and “LO 5 ote = —a (#)..... a. 


But the resistance experienced by a shot moving through the air is, 
agreeably to the laws of hydrodynamics, represented by some part of 
the weight of a column of the fluid, whose base is a section through 
the shot perpendicular to the line of its motion, and whose height is 
that space ugh which a body would descend in vacuo to acquire 
the actual velocity of the shot. Therefore let a be the area of such 


mined by the of the impact, the loss of velocity by i 
through the was immediately Relmcaleed, dad bobs, tals tho 
amount of due to the various velocities was determined. 


Tn the following investi ing the trajectory of a shot in 


air, the line of motion is supposed to be in a vertical plane, and the 
Fig. 3. 


ction, v the velocity of the shot, and h the height due to that velocity ; 
a ve 
and let p be the density of the air; then h = = and 9.4.D = the 


weight of the column. Putting 2gp to represent some number which 
is to be determined by experiment we shall have pv? a.p for the 
resistance, or for the motion destroyed in one second, and pv? a . p dt 
for the motion destroyed in the time dt. But, by dynamics, 


tum 
ae = velocity ; therefore, if m represent the mass of the 
pea.vdt, ; A k . 
shot, ———_——— is the velocity destroyed by the resistance in the time 


dt ; and this is what is expressed above by r dt; consequently we 
pea.D Dy i df 3 
Y Fe an ‘or v putting 


have R = OO representing ior 


1 d# 
its value $ we have R = wr ga ‘Then the’ general equations (I) and 


(II) will become 
dx dz ‘dx dy dz dy F 
tar =— (=) a et + gat=—a( 4 ; but dt being considered 


as constant, they may be put in the form 


dx dz dy dz 
ee — dz, and z 


+d? = —- dty. 


_— ———— —_— ~~ oe a 
*. 

on GUNNERY. GUNNERY. 
ude ‘Assuming the last factor in the denominator to be constant, 

From the first of these equations we have ds= ——7——; which, being | representing it by b, we have 
substituted in the latter, gives -( ) 
dy d*x dy\ dx 9 le hes exes (VIL) 

dz t9de= —dy; oF, after reduetion, de = —d (57) = ul o— oh .b 

But, multiplying the above equation for — d*x by n de®, it becomes A tegrated second member uivalent 
dada GPa anee which, on wabstiGating 0° the fisdh maomber ree en eoeny be ink oe Soa ae 


the preceding value of dt, becomes 
dy 
2 dsa (ZL) d= mg de ae. 


‘ 


dy? 
Again dr=+/ (dx* + dy*) =\de V (1 +35); therefore the last 
equation may be put in the form 


axa (P)v (1 + dt) =u 9 ae ae, 


or d(#) (1+ 2) = agar ..... am. 
Sai ee eee 
second member is evidently, 5200. To obtain that of the first mem- 
ber, let t represent the tangent of half the angle made by a horizontal 
line and a tangent to the curve at each point; then, by trigonometry, 
we shall have a (=the tangent of the whole angle) = rn and 


a(S) 080 cts as Aes PS: cert 


1—t?* 
2 (1 +t?) dt ¢ t+t? 
a-e > whose integral is G—t: 


1+t 
+ 4 log. at therefore the integral of equa- 


first member becomes 


dt t+t 

+S i" Toe 
tion (III) is 

t+ 1+t 


H gdt* 
Gaay + toe. FoF =0- 395 


tae ** 


where ¢ is an arbitrary constant. 

Now, let B represent the angle of elevation at the point a, or the 
angle caB; at this point we have dz=dz cos E, and dx*=dz* cos® E; 
also, at the same point, dz=v dt, v being the initial velocity of the 
shot. Theref 


vine (EV) 


‘ore 
de 1 
dz? = vy? dé cos’ B, and > = Woon? but since, by dynamics, 
v* = 2gh, we have eyidently, 


Layee 

2d ~ 4gh cos? u? 
then, if this value be substituted in (IV), and tan 4 z be put for t, 
that equation will become 


tan } E+tan*} & i l+tanjex 
(i+tan® gay * Peg = oO 

from whence the value of c might be found, 
Substituting in the equation (IV) the above value of dé, viz, 


dy \ dx d 2t 
~a( a ) —, and putting for a4 its value, 7, that equation 
dz} g dz 1-t* 
., becomes 


Bhoowre ++ Vs 


t +? 1+t ae '2t 
Gop + tog. Tot =o sas@ (qa): whence we obtain 
2t 
Qdx d(=5) (VI) 
H = t+ Pye cs pea . 
°— 71-1 im R=} 


But, as this expression does not admit of bei 0 prey by an 

known rules, mathematicians have endeavoured to obtain an fr Me - 
mate value of the integral; and Bezout, whose method has been 
adopted in the above investigation, employs the following process for 


, l+t 
that purpose, Developing the expression 4 log. 1—; im an infinite 
series, putting that series in the form of a fraction, whose denominator 


is (1—t*)*, and then substituting it in the eding equation, the 
latter becomes, alter reduction, © 25 ea 


2t 
& (3) 
2t i+ Gt + hoy" 
o—i-a [1 + l—e ] 


2Qdx 


ed 


(VII). 


without much 
consider b as constant and equal to : value oto ua , 
obtained from equation (V) and simplified, is found to be equal to — 


-| or iron, whose weight far 


to the differential of a logarithm ; thus we have : 
ae A 2bt 
7b (c— Gap) +e OR), 
where c’ is a new arbi! 


H 
trary constant. ete 2) 
The value of b in equation (VII), when simplified, will be found to 
seks} ootan's log tam. (48°44 3); and Bezout 


dhconz +> tan. 2; and the value of c’ may be obtained by the 
following process. * 

Ata, the point of projection, we have «=o, and op = tan, 
therefore, at that point, the equation (IX) becomes 


as d log. (0—b tan. £) +0’; 


Cee o 
whence 


1 we <2 H 
= — sz loa(e b tan, 8), or 5 dicomn 
22 1 4theoos? # Qt 
Therefore = = Flog —S— (0= Foes); i. 
and putting ¢ for the base of the hyperbolic logarithms (=271898), 7 
we e . 


abe $ 
H 2 
, = Sms Gist MERE 64 
a 
2t Ne x H H 
fey = ek edd Wm Fe }. 7 
But an iv therefore, Pa : . 
oda ude pa = 
=F — Whee? ee 
This equation being integrated, and the constant determined on the 
supponition that yo whea 20, we have a J = 
| Ble 
o£ H? H ‘ 
y= "5 + Seb own (1-e ) or putting for ¢ its value, - 


sibs 
y= [tan. 2 + wrawtsl at rear: (1 mat “i u 


ah ¢ 2h 


2 ia tog. 0 = log. [14 + ae cin 9241). 


Substituting in this equation different numbers for 2, that 
renders the two members equal to each other will 
—, of the range, 

e preceding investigation, g has been taken to represent 
accelerative force of gravity, or i by which the shot would dese: 
in vacuo ; but, in fact, it should represent the accelerative force 
which the shot descends in air. And, in order to obtain the latter 
force, let r represent the semi-diameter of the shot, x the ratio of the 
circumference of a circle to its diameter (=3'14159), p the density of 
the air, and p’ that of the shot. Then 4 7° p’ will express the t 
of the shot in vacuo, and ¢ 2 r* p the weight of an oo of air; 
therefore, 4 # r° (p'—p) is the weight of the shot in air, and ¢*°g 
(b’--D) is the motive power by which the shot descends; the latter, 
being divided by the weight of the shot, expressed as above, gives 


’ _ for the accelerative power required, But if the shot be of lead 


express the Pe is 


ee Ee 


i 


ee a 


pa 


excéeds that of an equal volume of air, the 
comaidéred a8 equal fo sero, and the AomdaNaite 


* ry rs 
i‘ 
° ied 
, 4 


term D may be 


GUNNERY. 


GUNNERY. 574 


power may be represented by g, the force of gravity ona body in 
vacuo, 

By differentiating the equation (XI), making dy=o, and, from the 

iti i ining the value of ; then, on substituting this 


- value in anion (XI), the resulting value of y would be that of the 


greatest vertical ordinate of the curve, while the said value of « is the 
the point blank range is the distance from a point on 


the ground, vertically under the 
the point at which the shot strikes the ground after the discharge 


extent of such range may be determined from the equation (XI), by 


making E=o and considering y as negative, In this case the said 
equation becomes, b being equal to unity, - . 
Be. = 


H? 
—9¥= Ft me 7); 


where y is the height of the gun above the level of the spot on which 
the shot falls. And the equation, after reduction, becomes 


2a 2uxv+H?+8hy 
a «(1og- e = log. 
substituting for x different assumed values, that which renders 
bers equal to each other will be the required range. 
blane of the French is frequently called the line of metal 
ignifies the distance from the chamber of the gun to the 
evra Bag the shot crosses (the second time) a line 
of the , and muzzle rings, and produced. Here 
gun, which is always a tangent to the trajectory at the 
ce algal: a depdlargl embrmnider cregpe ctor 
or difference between the semi-diameters of the gun at 
the time of flight: from the equation (IV); by re- 
logarithm to a series and proceeding as before, we shall 


Pal 
uF 
3 


: 


E 
if 


efi 
t 
F 


wes 
ne 


‘ 


2bt 
ng da=2 det (o— 75) 
and haying found, from the equation (X), that oc — oe in equal to 


a +0, where c is an 
Now, to obtain c; since ¢ (the time of flight)=o when =o, by 
ing those values in the equation, the latter becomes 
H 


H 
> OF «on ws A/ dob J igh +0; whence c= — b cos B 2h 
be 


and consequently t= hens vant = 2), 


From which equation, on substituting the value of « (the horizontal 
range), which is supposed to be given, the time ¢ of the flight of the 
projectile will be obtained. 

It may be observed here that a knowledge of the time during which 
i importance, since it enables 

regulate length of the fuse, that the shell may 
ey 22 ae acme that it has reached the object which it 
is 


to . 
Note.—In the trajectory, the range, and the time of flight, 
by the above formule, the operations must be performed by the aid of 
It is of the first importance, in obtaining from the above formule a 
near i to the required values, that a correct measure of 
the velocity with which a shot issues from the mouth of a gun should 
oear sn are eee e 
is given, following investigation, whic! 
the didbrentil notations i taken from the third volume of Dr. 
's Tracts, 
Let r=the semi-diameter of the shot, or of the bore. 
D/= the specific gravity of the shot. 
*=3'1416 (the ratio of the circumference of a circle to its 
eter). 


- 


of the atmosphere on 1 equare foot), 


=the distance from the bottom of the chamber to the hinder 
part of the ball. 


6=the length of the bore. : 

n=the ratio of the expansive force of fired gunpowder to the 
pressure of the atmosphere. 

w=the velocity of the shot on leaving the gun. 

az=any variable distance of the shot, in the barrel, from the 
bottom of the chamber. 

Then r*7=the area of a transyerse section through the bore, or of a 
section through the shot; and 
nmr*x=the force of the powder on the hinder part of the ball. 


But the expansive force of powder being supposed to be inversely 
proportional to its density, or to the space which it occupies in the 
barrel, we have . 


i: =: * mate : BROT (=the motive force of the powder at any 
a 


point, in the barrel, whose distance from the bottom of the chamber=<). 
Consequently, dividing this term by the weight of the shot, we have 


mua for the acceleratiye force of the powder on the shot at that 


point; from this term subtracting mtr which expresses the retarda- 
a : 


tion arising from the pressure of the atmosphere against the front of 
the ball while moving in the barrel, the accelerative force becomes 


mer(*4—-1); let this be represented by f. Now, by the theory of 

w x 

forces, we have 

vdu [=gfdz] =m (t-az); and the integral of this equation is 
$= —— (na hyp. log. c—x) +0; 

where c is an arbitrary constant. 


To find this constant; since v = o when « = a, on substituting 


these values the equation becomes 


o= © wp (na hyp. log. a—a) +0; 


from which © being found and substituted in the preceding equation, 
the complete integral becomes after reduction, and substituting b 


for z, : 
v= /E— (na hyp. log. + a—b)]: 


or substituting for w its value, namely, $73 p’, we obtain for the 
velocity of the shot on leaving the gun, = - 


1783 b 
v= Faw A/ (na hyp. log. < +a—) 


On comparing the results of the formula with those obtained from 
experiments made with the Ballistic peridulum, Dr. Hutton found 
that the expansive force of powder varies, with the quantity employed, 
from 1776 times to 2300 times the pressure of the atmosphere; allow- 
ance being made for the loss of foree occasioned by the vent and 
by windage. Those numbers express the values of n in the formula. 

From the numerous experiments made with the machine above 
mentioned between the years 1784 and 1791, Dr. Hutton concludes 
that the initial velocities of shot are directly proportional to the square 
roots of the weights of the charges, and inversely proportional to the 
square roots of the weights of the shot (the guns being similar to each 
other) ; and he gives for the initial velocity in feet the formula 


2 
v = 1600 =; where ¢ is the weight of the charge, and w that 
of the shot. Dr. Gregory’s formula, founded on more recent experi- 


3 
ments, is,v=1600A/"<, which with reduced windage is more 


nearly correct. It must be admitted however that some uncertainty 
still exists respecting the value of v, partly on account of variations 
in the quality of the powder, and partly in consequence of the 
different degrees of windage ; and these are the chief causes of the 
want of agreement between the experimented and calculated ranges of 
shot. This however is not in general greater than that which has been 
observed between ranges obtained from different trials when made in 
like circumstances. 

The resistances actually experienced by a shot in passing h 
the air were, in 1789, made the subjects of experiments with the 
Ballistic pendulum and the whirling machine as before mentioned, and 
are described in Hutton’s Tracts. The resistances were determined 
from the general formula, ; 

vv 
r= 395% 
Where + = the required resistance in pounds or ounces, 
v =the mean between two velocities, namely, the first 
velocity and the velocity with which the strikes the 
ulum, 
v = the pple yt ting these velocities, 
8 = space 
w = weight of the body in pounds or ounces, 
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3 The service charges, in terms of the weight of the shot, are— 
=< : "se::82: 
The above formula is obtained thus, ¢ > nearly; and 1 For del icoteien : > 
32¢ = the velocity generated or destroyed by gravity in (¢) time; For brass howitzers... 3 


v 8 
therefore, 82¢: v7 :: Y= 5g; butte = > 


force of resistance. From the results of the experiments, which 
though not sufficient to establish a perfectly true theory, enable us to 
obtain results sufficiently accurate for all practical purposes, it appears 
that the resistances are in rather a higher ratio than the squares 
of the diameters of the shot; and, as examples of the amount 
of the resistance, it may be observed, that a ball weighing 3 lbs., 
when moving at the rate of 500 feet per second, was o} by 
a force equal to about 354lbs.; and, when moving with the velocity of 
1700 feet second, by a force equivalent to pressure of above 
154Ibs. It was found also that there is a gradual increase in the 
exponent of the resistance as the bain: Ag probably on 
account of the partial vacuum behind the . When the motions 
were slowest, the resistance was nearly proportional to the square of 
the velocity ; and when the shot moved at the rate of 1500 feet per’ 
d, that exp t seemed to have attained its maximum, the 
resistance being then nearly as the 2} power of the velocity, Beyond 
that rate of motion the exponent of the resistance ually decreased. 
In the preceding formule the height h, or which is due to 


y? 
the initial velocity, is by the theory of forces equal to yi where v 


represents the initial velocity, and g, as before, = $2, feet. To obtain 
the value of & it must be observed that, from hydrostatical principles, 
we have }r?p p for the resistance experienced in moving through a 
fluid by a body which is terminated in front by a hemispherical 
surface; where r is the semi-diameter of the sphere, pD is the specific 
gravity of the fluid (air in the present case), and p is a co-efficient 
which must be determined by experiment. Then the mass of the 
shot being equal to ¢r*ap!/ (where p’ is the specific gravity of the 
3D 

shot), dividing the former of these terms by the latter we have in 
890’ 

for the retardative power of the resistance. Hence «/ - re becomes 
the terminal, or constant velocity, with which the shot would descend 
in the air when the resistance of the latter becomes equal to the acce- 
lerative power of gravity. ‘ 

1 
_ Now, in the preceding investigations, FT Was made to represent 


.D 
“22 ; therefore, substituting for a its equivalent +, and. for at its 


w: “7 = Bye = the 


4 
equivalent 9p’, we shall get BaF which, belay soxaparad 0B 


the above expression for the terminal velocity, is evidently the height 
due to that velocity, or the space through which a body must descend 
from rest, in vacuo, to acquire that velocity. 

Dr. Hutton, having formed a table exhibiting the resistances expe- 
rienced by shot when moving with different velocities, determined from 
it, by simple proportions, the values of the terminal velocities for solid 
shot weighing from 1 lb. to 42 lbs. (Tract 37, art. 69.) And in the same 
Tract (art. 122) he has given a table of terminal velocities for several 
natures of shells. These last velocities necessarily differ from those of 
solid shot, because the shells have less weight than solid shot of equal 
diameters, Assuming therefore that the internal diameter‘is 7, of the 
external diameter of a shell, he estimates the ratio of the weights of 
the solid and hollow shot to be as 1:42 to 1; and, in order to express 
the terminal velocities of the latter he diminishes those of the former 
in that ratio. Hence the formula for the terminal velocity of a shell 


should be 
a/v ie 5°63 gr v! 
3pp *™ Spp ’ 


and from the numbers given in the tables it a that be 
considered as equal to 0°6849. On putting this Tents pits, 6, 

rand g must be expressed in terms of the same denomination. ; 
It is easy to conceive that by in ing the charge to a certain 
amount the velocity will also be increased, and that when the quantity 
of powder is so that the ball is driven out of the barrel before 
the whole has time to act upon it, the velocity must become less, 
There is evidently therefore a certain quantity of powder which will 
produce the — possible velocity ; and this may be determined by 
making the differential of the expression above found, for the velocity, 
equal to zero, the length a of the space by the charge being 
considered as variable. Dr. Hutton inakes charges for producing 
the maximum velocity to vary with the length of the gun: thus the 
length of the bore being equal to 10, 20, 30, 40, and 50 calibres, the 
numbers 0°5, 0°84, 1°09, 1°28, and 1:43 will respectively “a the 
ract 37, 


ight of the powder in terms of th ight of the shot. 
mins aS eee. tt : 


For carronades ‘ ‘ ca 


From experiments which have been carried on at Woolwich, on 
Sutton Heath, and in France, the following very brief abstract of the 
attending the flight of projectiles has been drawn up :—_ 


circumstances . 
I. Experiments with solid shot fired at point blank. 4 
Inow Guns, Brass Guns. Cannonanns, : 
Height of the Gun above| Height of the Gun above of the Battery | 
the ground = 8 ft. | the ground = 4 ft. 6 in. above the ground = 8 ft) 
Weight Weight Weight re 
of Shot | Charge | Range | of shot of Shot | Coarse ny ie 
in Ibs, | 1 tbs. | im yds.| So yye" | im tbs. |i yds. So pe" | im Ibs, | im yds.) ; 
68 9 | 360 | 12 4 | 330 | 68 oH 300 | 
32 103, | 420 | 9 3 310 | 42 3 270 | 
24 8 400 | 6 2 310 | 24 2 250} 
18 6 400 | 3 1 350 | 12 1 230 | 
4 
IL. Ricochet practice in 1821. wie) 
Solid Shot, a 
; Elevation Range | Number| 
Nature of Ordnance, in Charge. in fies 
11 Sor. | 400 ThE ee 
sce iatogee 6 rib. | 600 | 10 | 
ee 3} 2, | 800 | 8 | 
18 Pounder 6} 9oz. | 400 Fae (ea 
Tron gun 7 1lb, 800 Wei}? ; 
12 Pounder 6 Goz. | 400 | 19 5 
Tron gun 6 12 oz. 800 10 f 
68 Pounder = 
Tatteonte 6} 21b, 600 5 | x 
24 Pounder Fr. 
Brass Howitzer 43 _ wee a by 
10 Inch iron howitzer 5 4tvs,.| 600. "|> (Se 
wt, of shell 92 lbs. 9} a}ibs. | 600 4 " 
8 Inch iron howitzer 9 11b. 400 uo 
wt. of shell 46 Ibs, 6 2} ibs, | 800 Cie, a 
5} Inch howitzer ~ 
wt, of shell 16 Ibs, 2 ie * 
24 Pounder howitzer bd 
wt, of shell 16 Ibs. 43 Pe abd 
12 Pounder howitzer 
wt, of shell 8 Ibs, < pa Wiha : 
68 Pounder 
; ; 8} i} ib. 600 6 


Perpnct nian. 
800 yards, with charges from 
effect. It is hence concluded 


: 
F 
A 
: 
: 
F 


Practice 
mortar, T 
vation =45° and 
the shell = 162 Ibs. 


Ill, Practice with a 10-inch 
mortar, Sutton Heath, 1811. The 
elevation = 45° and the weight of 
the shell = 96 Ibs. 


Range 
in yards. 
448 
774 
1817 


1605 
1895 


— © 
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The effects of shot in penetrating any material form a subject of 

t im in military engineering, as a knowledge of those 
Sfiects Seen afford data for constructing walls and roofs capable of 
resisting the momenta of the vast masses which, during a siege, may 
j order that such 


fired vertically upwards : then the di 
the space which would be deseri! by a body, when subject to an 
accelerative force equal to that retardative force, in the time that it 
would acquire a velocity equal to that of the impact, and the time of 
the penetration may be considered as equal to that in which such 
velocity would be acquired. By the theorem of uniformly accelerated 


: a 
motions we have F varies as —— (where F is the accelerative or retar- 
dative force, w is the weight of the body, v the velocity with which 
it is moving, and s the space moved through). 
Now, if @ represent the force of gravity : 
g = 32} feet, or the velocity generated in one second by the force 
of gravity, 
a= the space or height due to that velocity, 
v = the given velocity of impact, 
8 = the depth of the impression. 


g 


we. h va hich is the fi f£ ‘, 
ee cg Pree e = fa, wee e force of resistance 
2 


2 
If G be supposed to be equal to unity, we shall have ¥ = 55, and 


this value of F expresses the ratio of the retardative force to that of 
gravity ; consequently, representing the latter by the weight w of the 


shot, the force of resistance should be expressed by Tor. 


In Sir Howard Do ’s ‘Treatise on Naval Gunnery’ there are 
recorded the following results of iments on the penetration of an 
18-pounder shot into a butt made of of oak ; namely, with 
of 6 Ibs., 3 Ibs., 24 Ibs., and 1 Ib., the d of the penetrations were 
42 inches, 30 inches, 28 inches, and 15 inches respectively ; the velocities 
are 1600 feet, 1130 feet, 1024 feet, and 656 feet respectively; and from 
these data the mean value of ¥F will be found to be 138701. This 
number expresses the resistance of the oak, in pounds, against a surface 
equal to the area of a section the centre of the shot; and, by 
reduction, it becomes equivalent to 912190 pounds exerted on one 


square foot. 
Similar experiments made at Metz by firing 24-pounder shot against 
butts of fir (the numbers being reduced to English denominations) 
gave 475070 pounds for the resistance exerted on a square foot. - 
At Woolwich, in 1835, two 24-pounder shot were fired with a velocity 
of 1390 feet per second against a wall of concrete, into which they 
to the mean depth of 3 feet 10 inches; whence, by the 
above formula, we have rF=188047 pounds; and, ently, the 
resistance on a square foot is equal to 1013730 pounds. a like 
iment made at Metz it was found that the resistance o 


dail of colitic stone might be expreased by 1894800 pounds (inglish) 

on an surface, 

a Pay eee te fottend of the depth, of oh owe cake. 
suppose the volume, of the , e e- 

trated to be proportional to the term we; but when that space is 


to point out the important effects of rotation in producing deviations 
in the line of flight of cannon balls. Tile rehations mag’ be caused both 
by the balls not fitting 

being greater on one side th offer a greater 
resistance to its motion on that si , and, secondly, by the density of 
the ball not being unif centres of gravity and figure do 
not ide, the forces, that is, ure of the gases generated b 
the"powder, acting on the ball to move it, would act unequally on eac 
side of the centre of gravity, except when the line joining the centres 


of gravity and figuri 
by the theory of parallel pressures, produce (besides exerting its whole 


a 


. whose force is the same prewar 20nee through the centre 
the figure. Though the constraint due to ti bore’ 
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would cause the direction of the rotation to be that in which the centre 
of form was moving relatively to the centre of gravity (which latter 
while passing through the bore must be performing equal oscillations 
about the centre of form in a plane containing the centre of gravity 
and axis of the bore) at the moment of leaving the bore, depending 
therefore on its length; yet as from the velocity of rotation being 
proportionately small to the velocity of translation, there is not time 
for a complete oscillation in the length of the bore, in practice the 
direction of rotation depends entirely on the relative positions of these 
points when placed in the bore of the gun. Thus, if when the ball is. 
first acted on, the centre of gravity is in a vertical line below the 
centre of form, the rotation in leaving the bore will be round a hori- 
zontal axis passing through the centre of gravity, and causing the 
anterior part to move downwards. If the positions of the centres of 
gravity and form be reversed, the motion of the anterior part of the 
ball will be upwards, and in the same way to the right or left. 

If a perfectly smooth homogeneous sphere rotate in the air, there is 
nothing to produce movement in the position of its centre of gravity 
on an axis through which it is rotating; and when rotation is com- 
bined with translation there is nothing to cause deflection from the 
line in which it is translated. But if the surface be not smooth, when 
being translated, the air being denser in front than behind, depending 
on the velocity of translation, the friction will not be symmetrical on 
both sides the axis of rotation, but being greater on the anterior sur- 
face will tend to produce deflection in the centre of the sphere in a 
direction con’ to the one in which this surface is moving. But 
on the other hand, one half of the surface is rotating in a direction 
with, and the other half in a direction contrary to, the motion of trans- 
lation, and the actual velocity of the former half through the air being 

than that of the latter from its position, prevents its escape, 

and causes a greater density in the air on that side. The resistance to 
motion being greater in this direction than in the other, there is a 
tendency to produce deflection in the centre of the sphere in the 
direction in which the surface is rotating contrary to the motion of 
translation; that is, in the direction in which the anterior surface is 
rotating, and this latter tend is found in practice to overcome thé 
former, and the shot is defi in the direction in which the anterior 
surface is rotating. When a shot is excentric, that is, where the centres 
of gravity and figure do not coincide, and the ball is rotating round an 
axis through the centre of gravity, there is not only this friction, but a 
i ent of air equal to the figure contained between the sphere 
whose radius is the shortest distance from the centre of gravity to the 
exterior and the figure of the shot itself. The above described effect 
is then immensely exaggerated ; in fact, if there were no friction, the 
resultant normal pressures would in this case make an angle with the 
direction of translation, and therefore cause deflection. Experiments 
were made in 1851, at Shoeburyness, with shot and shell made excentric 
by removing portions of the metal and replacing them with a heavier 
or lighter body. The direction of the line joining the centre of gravity 
and centre of figure was then determined by floating the Shot in 
mercury. By this means they could be strapped to wooden bottoms 
in any position desired. An increase of upwards of 900 yards in the 
range was obtained with these excentric projectiles over concentric 
ones at angles of 20° to 28° and 82°, and deflections proportionally 
large according to the relative positions of the centre of gravity and 
figure of the shot when placed in the bore of the gun as above described. 
It is evident that the deflection of spherical shot from smooth bored 
guns is principally, if not wholly, due to the varying rotations which 
arise, and which produce deflections not in planes making angles with 
the direction of the piece when the deflection would be proportionate 
to the distance, but in incurvated lines, as stated by Robins and proved 
by his experiment with the bent barrel. In a rifle [RrrLe] we have 

e means of impressing on the projectile a rotation round an axis 
coincident with the line of flight; when the resistances being equal 
round the pole of rotation,'no deflection can be produced while the axis 
remains coincident, and any casual irregularity on the point or surface 
is com: ted for by being constantly shi round from one side to 
the Aa Rifling, again, gives us the power of using elongated bullets 
(cylindro-conical), which are kept ‘pee foremost by their rapid rota- 
tion, which has the tendency of always keeping the axis of rotation 
parallel to its original direction; and it will be easily seen from the 
previous investigations on the resistance of the air, what a greatly 
increased power of maintaining its initial velocity is possessed by a 
ball which, with the same surface of resistance, has double or treble 
the weight of another. These are the reasons for the enormously * 
increased ranges and accuracy obtained with the Whitworth and 
Armstrong guns, to which we shall have again occasion to refer under 
RIFLE. 

(Colliado, Prattica Manuale dell’ Artiglieria, Milan, 1606; Ufano, 
Vraye Instruction de UArtillerie, Frankfort, 1614; Belidor, Le Bom- 
bardier Francois, Paris, 1731; Le Blond, Traité de ['Artillerie, Paris, 
1748; Du Paget, Hssai sur U0 Usage de UArtillerie, Amsterdam, 1771 ; 
Lombard, Tables du Tir des Canons, &c., Auxonne, 1787 ; D’Antoni, 
On Gunpowder and Fire-arms, translated by Capt. Thomson, London, 
1789 ; Bezout, Cours de Mathématiques a UV Usage du Corps d'Artillerie, 
Paris, 1797; Robins, New Principles of Gunnery, London, 1805; 
Hutton, Tracts, London, 1812; Robison, Mechanical Philosophy, 
London, 1822; Sir Howard Douglas, Z'reatise on Naval Gunnery ; 

be 


Cook and Hyde ; 
Weabetchs by Ona 


Boxer, R.A.) 
GUNPOWDER, a composition with the ve power of which 
irdtptleen i) ow yee Ag reed mene nba 
favolved in obscurity. Tt has said that it was used in China as 
—- the year a.p. 85, and that the knowledge of it was conveyed to 
the Arabs on the return of the Crusaders to Europe; that the 
of it at the siege of Mecca in 690; and that they 
Caoies Staun bserves that “ the knowledge of wer in 

‘ton o! es e 

and India seems coeval. with the most distant Mstonie ovenita 
Among the Chinese it has at all times been applied to useful “rn 


rocks, &¢., and in the making of fireworks ; although 
ic tubes, as the Europeans did 


supposed to allude in an enigmatic way to the 


eke m and explosive force of powder; and about 1836 
old Schwartz, a monk, is said to have also discovered the mode 
of manufacturing it 


Guhpowder consists of a very intimate mixture of nitre, or nitrate 
of » chareoal, and sulphur. Theoretically, the proportions of 
these ingredients ought to be as follow :— 


Equivalent 
weight, 
+ loll 
+» 18°00 
+ 16°00 


ws 


135‘11 


Per-centage 
amount, 
748 
183 
11-9 
100° 
It is remarkable that these proportions have been nearly attained 
empirically in the best descriptions of gunpowder, as seen from the 
following table :— 


Nitrate of potash . 
Charcoal . 


» 


eq i of pot 
equivalents carbon 
equivalent sulphur . 


L . 
3 ‘ 
1 


English. French. Prussian, 
75°0 750 76°0 

+ 150 125 * 13°5. 
10°0 12°5 115 


1000 


Sulphur . 


100-0 1000 

The suddenness and intensity of the explosion depends upon the 
amount of sulphur, which is on this account increased in blasting- 
powder, the composition of blasting-powder being :— 


Nitrate of potash . 
Charcoal , 
Sulphur . 


» 65 
- ¢ 25 
» 20 


100 
This large amount of sulphur would cause the corrosion of fire-arms, 
and consequently for war and sporting purposes the quantity is 
diminished. 


The ingredients must be of the greatest attainable purity; and the 
nitre is fused before use, in order to expel the last alae of water, 
which seems however scarcely necessary for any other purpose than 


the exact ascertainment of its quantity, inasmuch as the mixture is i 


subsequently wetted. The charcoal, either of alder, willow, or dog- 
wood, is prepared, not in the usual method, but in iron retorts; and 
the sulphur is the volcanic kind imported from Sicily, and is refined 
by melting or subliming. 

wa powder, and mixed in th Th 
to a fine , and mixed in the pro ons, e com 
sition is then sent to the gunpowder-mill, which consists of two pr 
vertically placed, and running on a bed-stone. On this bed-stone the 
composition is , and wetted with as smnall a quantity of water as 
will, together with the revolutions and weight of the runters, bring it 
into a proper body, but not into a After the stone runners 
have made the proper number of revolutions over it, and it is in a fit 
state, it is taken off and sent to the corning-house to be corned or 
grained ; here it is first pressed into a hard and firm body, broken into 
sinall lamps, and the powder is then grained by these a being ptt 
into sieves, in each of which is a flat circular piece of lignum vitw. 
The sieves are made of parchment skins, having round holes ed 

them; several of these sieves are fixed in a frame, w by 
machinery has such a motion given to it as to maké the lignum vite 
runner in each sieve go round with velocity stifficient to break the 
lumps of powder, and force thera through the sieves, forming grains of 
several sizes. The grains are separated from the dust by p sieves 
and reels; they are then hardened, and the rougher edges taken off by 
run a sufficient length of time in a close reel, which has a proper 

motion given to it. ‘ 

The gunpowder, thus corned, dusted, and reeléd (which is called 
lasing, puts a small degree of gloss on it), is sent to the stove 
and 5_care being taken not to raise the heat so as to dissipate the 

ur. The heat is lated by a thermometer. 
powder-mill is a alight wooden building with a boarded roof, 
Only about 40 or 50 pounds of composition are. worked ata time, as 


e several ingredients are prepared, they are separately ground Tho: 


KONO, + 8 + 30 = KS + N + 800,; 


—— 


— — 
Nitre, Sulphide of Carbonic 
potassium. acid, 


Si sombinatien agirleates ns. anak bes as is ey 
successively, i “ use 
capieaise Letie o Serotlon to aia i 


ni' Gases; and these being liberated at a very bigh 1 . 
the effect is greatly increased. Gunpowder Rist aes ym | 
4000 times at the moment of explosion. to Gay- ‘ 
every 100 volumes of the gas 

id, 5 of carbonic oxide, and 42 of nitrogen. The carbonic oxide is 
formed by an excess of charcoal, as in the English powder, The solid 
remaining after the combustion is princi 7 oleae ct ae 
but it is evident that the proportions nature of gaseous 
and solid products of the combustion must depend on the composition 
of the gunpowder. 

Gunpowder ma; 
If it be mixed with 


quantity of sulphur dissolved by the potash. 
GUNTER’S LINE; GUNTER'S SCALE, [Sire Scaxe.) _ 
GUTTA-PERCHA MANUFACTURE. Few substances pec ae 


soon 
Montgomerie sent specimens, in various 
Society of Arts in London. Teper 
however, a discovery of the tree 


employed their agent to procure new or rare plants for transmission. 

England ; and while on his rambles, Mr. Lobb acquired a knowledge 

gutta-percha, as a gum which exudes from trees, 

pieces reached the Society of Arts, Mr, Whishaw and Mr, Han 

experimented on them, with a view to discover their useful qualities 

pipes, lathe-bands, and sheets were soon produced in a rough wa: 

a basis was obtained for an important addition to our for 
abounds 


. 


manufactures.* 
Eastern 


years the trees have eagerly been out down as a means of obtaining 
the gum ; and however this may be regretted as a wasteful proceeding, 
oS ater ee ee 

are, however, e natives o eap 
without cutting down the tree, ‘The tree belongs to the Sapotaceous 


the natives of Singapore, brought 
passenger, and sent the remainder to the 1 Asia 


mass. 
uction of carbonie acid and 


ood cotiiat of 88 parte of carbons: 


Ta 


4 
id 


- “_ 
deter- 
v 


~ 


—_ 


se 


of bark, 
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-exuding group ; the wood, soft and spongy, is not of much use ; 
S teuit. yields w thick oil, which the natives mix with their food, and 
which an” ardent spirit can be obtained. The sap, which forms 
the most valuable product, circulates in small vessels between the bark 
and the wood; by tapping, or cutting notches in the branches at 


certain seasons, it flows out without endangering the life of the tree.- 


How far the process can be so managed as to obtain a continuous or 
_— supply from the same tree, is a problem not yet solved. 
; sap flows out into vessels held underneath. Before it is con- 
solidated by the action of the air, the 


3, to increase the weight; there is also much refuse 
ors dirt mixed ——— with it. On these 
accounts, specimens are narrowly scrutinised on reaching 
= London market, to determine their net value when freed from all 

eb. z 

re gutta-percha can be applied to any of the numerous purposes 
for which it aati ne to be valuable, it a uires a great deal of 
preparation. ‘The preparatory processes are peculiar, on account of the 
remarkable toughness of the substance. The masses are first cut into 
slices, by means of a wheel provided with knives or blades ; the wheel 
revolves two or three hundred times in a minute, and the slices are cut 
as if by a turnip cutter. If there are any stones or other hard 

ities in the lumps, the slicing detects it; the cutting edges are 
blunted, and the adulterants require to be removed. The gutta-percha 
varies much in colour, consistency, and other qualities, even in the 
same mass; and a thorough mixing becomes neci . The slices are 
thrown into a tank of water, heated by steam; the dirt and heavy 
impurities fall to the bottom, leaving the gum as a pasty mass. The 
gum is then transferred to a rotating machine, where sharp jagged 
teeth rend and tear it asunder with great violence ; the fragments fall 
down into water, where they float. After another softening in hot 
water, the gutta-percha is transferred to a kneading trough; this is a 
kind of cylinder, kept hot, in which revolving drums knead and roll 
the substance most completely, rendering it as homogeneous as ible 
in all parts. The shapeless but, purified mass is next rateeh into 
certain forms, preparatory to. its useful application in the arts. These 
forms may be blocks, slabs, sheets, or tubes. In forming sheets, the 
poenitoas ted passed between steel rollers, placed at a distance apart 
corresponding with the thickness of the sheet to be made. By the 
adjustment of a few knife edges, these sheets may be cut into bands 
or strips of any width. In making tubes or pipes, the gutta-percha is 
softened, and passed through heated iron cylinders, where it is reduced 
to size and form by a kind of wire-drawing process. 

To estimate the actual and prospective uses of this singular sub- 
stance, we must take note of its properties. The toughness of gutta- 
percha, differing from the elasticity of caoutchouc, and the facility with 
which it may be softened by heat, render it fitted to receive and retain 
any form that may be given to it, It is very easily pressed in moulds, 
while in a w: Sed gaia edn Whether wet or dry, its uses are 
confined to cold purposes, as it is soon affected and thrown out of shape 
by heat. For many purposes, naphtha and other inflammable liquids 
act as cements and solvents for ld Tts surface is susceptible of being 
80 prepared as to receive paint, gilding, ja) ing, burnishing and other 
decorative modifications. Its vouartabte relation So alontey renders 
it an invaluable substance for coating telegraphic wires. Its stubborn 

ce of the corroding action of many powerful acids, alkalies, and 
salts, fits it for use in vessels and pipes for chemical operations. Its 
impermeability to water has brought, it largely into yse as a sheeting 
for damp walls and other places, 

The works of the Gutta-Percha Company, in the City Road, are the 
largest in any country; and & list of the articles made in that establish- 
ment would show into how many departments of every-day life the 
use of this substance has extended. Such a list need not be given 
paca) for i week bora go add saad unt to its len 

b ily, if necessary, be grouped into such i 
gs har manufacturing, agricultural, \ 
engineering, and ornamental. The queues, when applied to these 
‘uses, is in form of a sheet, a strip or ri 
cloth, &c.; and many processes, 


little, and then 
carrying the water of 

grea: aqueduct into New York, laid down a gutta-percha 
pipe, a thousand feet in length, along the bed of an intervening river, 


where it was kept down by anchors ; the pipe bore the pressure of the 
aqueduct water within it and the river water around it, as well as the 
weight of the moorings and the friction of the bed. Ina wholly different 
department of application, gutta-percha is singularly valuable ; no other 
known substance equals it for acoustic properties. The sonorous 
vibrations of the air are less stifled in a gutta-percha tube than in one 
made of any other substance; hence the extensive use of this material 
for speaking-tubes, ear-trumpets, domestic telegraphs, &c. ; it assists the 
hearing of partially-deaf persons, and transmits the sound of the 
voice to a distance which would otherwise render it inaudible even to 
sensitive ears. The electric insulating properties of gutta-percha are 
now well known, as among the most indispensable conditions for 
telegraphic communication.. In land electric-telegraphs, there is no 
occasion to coat the copper-wires with gutta-percha, provided the 
supporters are made sufficiently insulating; but for the submarine 
wires such an envelope is necessary, to prevent the electric current 
from diffusing itself in the surrounding water. Wires coated with gutta- 
percha have also been found serviceable for igniting blasts of powder, 
in great engineering operations. Gunpowder has been. blasted at one 
end of a wire 70 miles long, by a galvanic current sent inat the, other 
end. In its form as a sheet, gutta-percha is used in many situations in 
contact with cold water, on aecount of the ease with which it can be 
cut and cemented, and the way in which it resists moisture. It has in 
this way been successfully applied as a lining for cisterns; as a 
material for water-buckets and valves; and as an extra sole for boots 
in wet weather. Somie of the boats made of gutta-percha have 
presented very remarkable qualities. Mr. Snow, who had charge of a 
gutta-percha boat in the arctic ship Prince Albert, said :—“ The 
severest trial it endured, and endured successfully, was in both my 
visits to Whaler Point, Port Leopold. To those unaccustomed to the 
natare of such ice as was there met with, it will be impossible fully to 
conceive the position a boat was placed in. The mere transit to and 
fro, among loose masses of ice, with the sea ina state of quiescence, 
would have been quite enough to prove the value of gutta-percha 
boats; but when, as in the present case, those masses were all in 
restless agitation, with a sea rolling in upon an opposing current, it 
might have been well excused—and without deteriorating from the 
previously-attested goodness of the article—if it had not been able 
to resist the severe shock it received. . . . Sliding through and over 
the ice; sometimes lifted completely out of the water by the sudden 
contact of a restless floe, and at others thrown sideways upon an 
adjoining craggy piece, I think it would have been next to impossible 
for any other kind of boat to be otherwise than crushed or stoved on 
the instant.” The name of Gutta-Percha Inlet was given to the place 
where this boat had rendered such valuable service. 

Widely different from any of the above-named uses, are those in which 
gutta-percha is employed as a material in decorative art. It is fitted 
forsuch purposes chiefly in virtue of the facility with which it takes the 
impress of a stamp or mould when heated, and the correctness with 
which it maintains that impressed form when cold. The mould may 
be of metal, wood, or almost any other material. One of the most 
frequent modes of producing the casts is this, A piece of sheet gutta- 

is laid upon a steam-heated slab of marble or stone; when 
sufficiently softened, it is laid upon or in the mould, a counter-mould 
is laid wpon it, and a serew-press finishes the process. If the pattern 
be in very bold relief, a hydraulic-press nay be necessary ; but in most 
cases a hand-press supplies a sufficient degree of foree. Some years ago 
the Irish Patent Office adopted gutta-percha as a material for the seals 
of patents, on the ground that it gives bold. and sharp outlines, and is 
free from the odour, brittleness, and greasiness of the yellow wax pre 
viously employed; but this novelty has, we believe, not been retained by 
the commissioners of patents. It is by a process of pressing in moulds 
that a vast number of articles are made in gutta-percha, useful in their 
application and ornamental in their appearance, Sometimesa dextrous 
workman will give a clouded or grained or veined appearance, by avail- 
ing himself of the different tints which different pieces of gutta-percha 
— ; when the surface is polished, this diversity gives rise to. much 
uty of appearance. More closely associated with fine.arts are those 
processes in which gutta-percha assists in a kind of engraving or trans- 
ferring—for which see Encravinc; Privrine ; Puorocnarny. 

In all that has been said hitherto concerning gutta-percha, the use 
of that substance by itself is implied; but much ingenuity has 
been displayed im producing combinations. One among the many 
modes of employing gutta-percha as a material for models, moulds, 
medallions, &c., is that of Duthoit, a French inventor. The gutta 
percha is first dissolved in naphtha, then filtered, and then put imtoa 
still, with the addition of oxide of zine, sulphate of barytes, amianthus, 
and one or two other substances. When the mixture has been well 
stirred, heat is applied, and the volatile elements driven off. The 
composition being taken out of the still, is ready for use. Colouring 
matter is either put into the still with the other ingredients, or it is 
mixed: afterwards by masticating the composition with it, im presence 
of warm water containing a little soda. The substance thus prepared 
is suitable to make not merely models and moulded articles, but-also 
tissues, artificial-flowers, and a substitute for leather. If diluted with 
naphtha or benzole, the composition may be used as a liquid paint, 
Some of the compositions are intended to liquefy rather than harden 
the gutta-percha; such as that of dissolying the gum in carburet of 
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hydrogen, which produces a liquid useful for removing grease, making 
good varnish, and ee surface of inking-rollers, 

Many inquiries of a peculiar character have recently been made into 
the properties, purity, excellences, and defects of gutta-percha, under 
various circumstances. The telegraphic uses of this substance are 
among bas most important — whether a wires —_ through the 
sea or underground, eq require to be protec’ a covering 
of gutta-percha, or see pire insulating substance; and it is very 
essential that this insulation should be proof against all the enemies 
who are likely to attack it. One of the — circumstances con- 
nected with the use of gutta-percha for telegraphic purposes, is the 
ten: of the substance to become heated when closely packed. 


Nearly 700 miles of coated wire were sent to India in 1853, packed in | percha, 


deal boxes ; it was found on arrival to have been in a soft state during 
the voyage, allowing the wire in some places to squeeze through the 

; and also that the envelope had become rather brittle 
after the cooling when opened. When packed closely for some time, 
the substance becomes heated, absorbs twenty or more per cent. of 
o , and is chemically an altered substance, losing much of its 
i ting power. 

Another inquiry, connected with the telegraphic uses of gutta-percha, 
relates to a peculiar and little understood kind of decay to which the 
gum is subject, tending to destroy its useful qualities. the autumn 
of 1856, some of the British Electric yn ae Company's wires ceased 
to work south of Berkhampstead. Mr. Edward Highley made a careful 
examination of the circumstances, with a view to discover the cause, 
The wires were enclosed in a wooden trough or trunk, about two feet 
below the surface of the ground. He found that wherever the wires 
— near oak-trees, the troughs and the gutta-percha were decaying ; 

the vicinity of other trees did not seem to produce the same in- 
jurious result. On examining more closely, he detected a whitish- 

ooking substance, resembling the spawn of the mushroom or some 
other fungus ; it spreads around the dead roots of the oak-trees, and 
around the trough, carrying decay with it; and the gutta-percha 
at those places was quite rotten. Portions of new trough and gutta- 
percha had in this way been rendered useless in the short space of six 
months. Under each tree was found a yellowish-green fungus, lux- 
uriantly growing; but it was not quite apparent whether the white 
substance was a distinct plant, or the spawn or mycellium of the 
yellowish-green fungus. e subject was rightfully regarded as of 
uch importance to the owners of subway or subterranean telegraphs ; 
and Mr. Highley was requested to continue his investigations. During 
the year 1857, he exposed several specimens of sound gutta-percha to 
the action of the mycellium of a fungus, namely, the Agaricus cam- 
pestris, in a bed of soil of sufficient depth ; and in four months he 
found the gutta-percha completely eaten away. 
ive of all inquiries concerning the practical x pps of 
gutta-percha, are others relating to an extension of the field of supply. 
Already it is known that three kinds reach the market, called gutta- 
percha, gutta-tuban, and gutta-girek, differing very little in properties ; 
and it is considered that many varieties of trees, growing in tropical 
countries, may probably yield a juice or sap which, carefully collected 
and subjected to manufacturing purposes, might weaken monopoly by 
extending the use and enlarging the conditions of supply. The Society 
of Arts, in 1852, offered a premium for the importation of any new sub- 
stance which could be used as a substitute for gutta-percha. Partly 
arising from this offer, and partly from the natural importance of the 
subject, many vegetable juices have from time to time been brought 
er public notice. Mr. Meadows Taylor, of Hyderabad, wrote to 
the ‘ Journal of the Agricultural and Horticultural Society of India’ a 
description of the properties of the Muddar plant of India, in reference 
to the use of its juice as a substitute for gutta-percha. Dr. Riddell, 
of the Nizam’s army, found that the juice or sap of the muddar, 
when exposed to the air, dries tough and hard. It is a common 
plant, very abundant in the Nizam’s dominions, In order to test t 
= in various ways, Dr. Riddell collected and solidified some of it. 
+ was found to be quite soluble in spirit of turpentine, producing a 
good varnish. When heated with acids, it became affected almost 
exactly in the same way as gutta- It softened in hot water 
sufficiently to take the impression of a seal, and to be fashioned into 
cups. The natives of Rajpootana have long employed it as a waterproof 
varnish. The tree will grow on the poorest land, and yields a fibre 


again in hot water. In the semi-fluid state it could be easily kneaded 
and extended; or used for the impression of a seal, which remains in 
its proper shape when cold. It e' pencil marks, like india-rubber, 
but soiled the paper. The exterior became gray afteratime. The 
gum was scarcely affected by cold water. When exposed to the flame 
of a candle, it melted and inflamed like ing-wax. It dissolved 
completely in oil of turpentine, and then formed a good cement for 
uniting broken glass or china. Professor Bleekrode, connected with 
the Dutch colonies, published, in 1857, full account of a Surinam 
tree, from which excellent gutta-percha can be obtained, or at least 


‘up a list of thirteen nek ores cay 


an exudation resembling in most of its useful 
stance. The Bullet-tree, or Gutta- 


ether, alcohol, chloroform, benzole, oil of turpentine, 
nitric acid, hydrochloric acid, ammonia, caustic potash, or caustic 
soda, this new substance presents all the recognised qualities of true 


gutta- 
In order to extend the amount of know gutta- 
the ca , in March, 1858, appointed a committee 
“ to direct the n of a series of ents on gutta-percha, and 


ap) 
the nature and cause of its decay, the different qualities of the sw 


modes of detecting adulteration, and any other points valuable to the — 


They drew 
relating to the decay of percha, 
ee eee eeping, the 
separate pieces, the ting properties, &c. ; 
uestions, relating to the growth and trade 
pe eer AS mee pr bee. elena gi rene. ing, the 
age of the tree, the possibility of obtaini e without cutting 
down the tree, the number pm | nature of the kinds known in com- 
merce, and the possibility of cultivati trees in localities 
ork 2 om enriched by them. These printed queries were dis- 
tribu 


the effects of heat 
best mode of joining 
and another list of twelve 


su, 


led in its commercial relations, gutta-percha manufactures 


have not yet become largely exported. It is comparatively a new 


substance, and we can easily use at home all that can be procured, 
The manufacturers are yearly taking out patents for the ap of 
the gum to useful The import into the Uni! i 

in 1856, was about 16,000 cwt., worth 64,0001. ; since which year it has 
considerably increased. 

GUTTA SERENA is that kind of blindness which arises from 
derangement or disease of the nerves of the eye, whether before or 
after their separation from the brain. name originated in a 
notion, Tong prevalent in the schools, that all diseases are attributable 
to some deleterious fluid or humour circulating in the blood or dif- 
fused in the substance of the part affected. The epithet serene was 
intended to intimate the comparative freedom from pain, and the 
absence of any unpleasant change in the appearance of the eye, 
which distingui is class of ophthalmic complaints from others 
equally destructive of sight. Hence Milton, whose blindness was of 
this kind, thus addresses Light (‘ Paradise Lost,’ iii, 22) ;— 


“ But thou 
Revisit’st not these eyes that roll in vain 
To find thy piercing ray, and find no dawn ; 
So thick a drop serene hath quenched their orbs, 
Or dim suffusion veiled ;” 


eee carpe pty (by far the most frequent one) of his blin 
iarity an cause m uent one) 0: d- 
Roman Well-an ths boteddent| suddenness of its attack :— 


' “Cyriack, this three years’ day these eyes, though clear 
To outward view of blemish or of spot, ‘ 
Bereft of light, their seeing have forgot. 
* + * * * 
* * * What supports me, dost thou ask ? 


The conscience, friend, to have lost them overplied 
In liberty’s defence, my noble task,” 


But the rejection of the humoral pathology has been extended to 
the {nomenclature derived from it; and this , though still 
popular term, which seems to have been devised expressly for the 
chy Pela? modern systems of nosology to that of amau- 
rosis (tuavpos, blind). 

The most uent seat of the complaint is the retina; the next is 
probably the brain itself, or that part of the optic nerve which, lying 
within the cranium, is in contact or communication with the brain, 
and partakes of its diseases. But recent observations and experiments 
have ed that the affection of the optic nerve may be secondary ; 
SEA tiak she reimary da of the disease may be in certain other nerves 
connected with the eye, though not immediately subservient to vision. 
It may likewise be symptomatic of irritation in some distant organ, 
probably through the intervention of the same class of nerves. The 
temporary failure of sight during a bilious attack is of this nature: we 
may also here mention once for all that the affection is sometimes 
merely hysterical, in which case though the blindness may be total it 
is rarely permanent; and the same remark may be made of a kind of 
amaurosis which occasionally results from the irritation of worms in 
the intestinal canal, ; ee 4 

The effects of remedies and some other considerations appear to lead 


Cyriack Skinner, he notices both the external — 


Ol 


a 


OS 


opposite : : 
‘of ben. ed long-continued nursing,and by 


“wary. of course wi the seat, the cause, and the degree 


~ to retina, 
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to the conclusion that amaurosis is generally of an inflammatory 

nature, or at least upon a state of the blood- 

vessels, It is however unquestionably sometimes the Aste - an 

state, for it may be brought on by excessive or repea' osses 

4 4 4 other immoderate dis- 
secretions, and is sometimes the effect of mere debility. 

It may be caused by simple pressure on the optic nerve, as by the 

of a tumour, or by apoplectic effusions within the head: in 


eee el analogous to the paralysis of a limb. A slight stroke 


received unex ly upon the naked eye-ball may produce it, 
although a violent blow when the lids are firmly closed has no such 


amaurosis are of the eye to too bright a light, as in watching 
an eclipse of the sun; or over-exertion of it in laborious study, espe- 


flexion of their snow-fields; and have learned by experien 
ing , which are pieces of wood 


the danger by using snow-spectacles, 
ot on alr bound before their eyes, so as to shut 


out a part of the field of view. 
enter at length into the symptoms of amaurosis, which 
ofinjury. The 


ing dilution of light with darkness (if the expression may be allowed), 
rather than by the appearance of a cloud. Moving spots, called musce 
volitantes, are generally seen to flit before the eyes, especially when 


There is generally some degree of pain in the organ 
in the forehead ; when the complaint arises from exhausti 


as a means of counteracting the bad effects of increasing luxury and 
indolence. It was gradually reduced into a complete system: public 
buildings called ia were erected for the purpose, and superin- 
tending officers appointed by the state. The first gymnasia were built 
by the Lacedemonians (Plato, Néuor, lib. i.), and after them by the 
Athenians, who had three in the immediate neighbourhood of their 
city: one, called Academia, where, attracted by the pleasant walks 
which surrounded it, and the concourse of people of all classes who 
daily resorted thither, Plato was in the habit of holding his conferences 
with his pupils; another, named Lyceum, in which Aristotle taught; 
and a third, called osarges, which was frequented only by the lower 
order, Those built by the Romans were on a more magnificent scale, 
and from the extensive baths which were attached to them are not 
unfrequently called Thermz. 

The exercises practised in the gymnasia were the following :— 

Dancing, which was of various kinds. In some the movements were 
much like those of modern tumblers; in others, balls of various sizes 
were thrown about in regular time from one person to another; in 
others, various figures and actions were gone through in imitation of 
battles, sieges, &c., in which the military engaged in full armour. 

Wrestling.—This, like the former, was practised alike in the gymnastics 
of the military, of the athlete, and of those who merely used the 
exercise for the sake of health. The practice seems to have been much 
like that of modern ing. 

Boxing.—The use of boxing seems to have been confined to the 
gymnastic practices of the military and the athlete, for neither Galen 
nor any other writer on medical gymnastics recommends it. It was 
practised naked, either with the open or clenched hands, or with brazen 
or stone spheres held in them (whence ¢pa:pouaxeiv), or with the cestus, 
which consisted of a leathern band studded with metal knobs, wound 
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ty towards the back of the head. Exertion of the sight 
iguing and painful. The pupil is either preternaturally 
and obeys the stimulus of light either not at all or very 
The eyeball is sometimes too soft; in other cases un- 
or it may be of the natural degree of hardness, A 
fever is {occasionally present. If one eye becomes affected, 
ly follows, especially if the cause be common to both, 
int is most usual after the middle’ period of life; it is 
found to affect members of the same family, and comes on 
the same issipation of all kinds, and especially habitual 
toit. . 


+P 
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must of course form a part of the treatment earl re igw ar! mora 
matory: but mercury, pushed if necessary to the extent o ivation, 
is the remedy most to be relied on; indeed, without it, the oculist 
would have little chance of success in any case. 


int not unfrequently forms a complication of cataract 
pil; probably from extension of the inflammation from 
adie aye alktlad in thone diastslars t0 the choroid coat or 
ions for the cure of either of those causes of 
blindness would attended with no advantage in such cases, and 
should not be undertaken. 


This com 
and of 
the of 


increase health and strength). The first notice of their employment is 
found in the second book of the ‘Iliad,’ where i 
are described as having disembarked from the ships, and playing at 

‘an Sa on the beach; and again, in the twenty- 


conducted with the greatest ceremony ; le rewards and civil 
distinctions were publicly bestowed on the conquerors, the chief of 
whom were deemed in no slight d exalted above their fellow- 
citizens. These rewards being called athla (40Aa), gave origin to the 
name of athlete aor) epee’ to — who contended for them ; 
a designation adopted Romans, from their language intro- 
duced into our own sk thes of modern Europe, 

It was just before the time of Hippocrates, as Plato in the third book 


_ of his ‘ Politeia’ tells us, that gymnastic was made a part of medicine, 


several times round the hands and wrists, . A mixed exercise of boxing 
and ing (like modern boxing) was also practised under the name 
of Pancratium, but, like the two of which it was composed, it formed 
no fk of the medical gymnastics, 
ning formed a part of all a exercises, 

Leaping.—There were various ki Besides jumping upwards and 
horizontally, they used to practise springing from their knees, and with 
heavy weights called haltéres (@Arhpes), which they carried in their 
hands, or on their heads or shoulders, or even on their feet in the form 
of leaden shoes. 

Quoits.—This game was played by all classes. The discus or quoit 
was a round lens- piece of stone, iron, or brass, about three or 
four fingers thick, and nearly a foot in diameter, which was projected 
under-hand. ora was also an exercise similar to quoit- 
throwing, in which the haltéres, or round bars of metal, somewhat con- 
tracted in the middle, and very like a modern dumb-bell, were 
employed. 

urling.—In this the dart-javelin and many other missiles were 
thrown over-hand, the object being, as with the quoit, to hurl to or 
ond a certain distance. 
addition to these exercises, which formed the regular business 
of the ium, and which were conducted under the especial 
direction of the state, numerous others were practised by the Greeks 
and Romans, either at their public games, or as private amuse- 
ments conducive to robust health, as riding, driving, swimming, 
rowing, climbing of ropes, swinging, mock fights of various kinds, 
ing erect for a lengthened period, holding the breath, shouting, 
&c. The use of baths, too, formed an important part of their hygiéne : 
they were attached to all the ia, and were invariably employed 
after exercise. [Batu.] Various officers were appointed to conduct 
the exercises of the gymnasium, At Athens the chief officer was 
called iarchus. It was his duty to superintend the whole 
establishment, and all the exercises ; while the xystarchus superintended 
the more athletic only of the exercises. There was also the gymnastes, 
who, being skilled in medicine, was required to prescribe the kind an 
extent of exercise which each was to use, and under him was the 
pedotribes, whose place it was to wait on those exercising, to assist 
and instruct them, to dispense, as Galen says, the means which the 
gymnastes prescribed. There were also servants set apart to each set 
of exercises, and for anointing, for the baths, &c. 
Various causes have operated to put an end to the practice’ of 
amps as eps education and as a means of maintaining health, 

he + mode of warfare, in which success depends so much more 
on the science of the commander and the knowledge of gunnery, of 
fortification, and other arts, than on the perro force of each combatant, 
has rendered the attainment of skill in each of the branches enumerated 
more necessary than great bodily strength or activity, and hence among 
the ones | astic exercises are almost entirely superseded, The 
exercises 0 the athletes are indeed preserved, and the art of training 
is probably even better understood in the present day than it was 
among the ancients, though the censure which the philosophers then 
bestowed upon such training is just as applicable at the present day. 
Plato (‘ Politeia,’ lib. 3) describes the athletw as dull, listless, and 
stupid, and subject to numerous diseases, cultivating nothing but a 
robust body, and leaving the mind in complete neglect; and Galen 
(‘De Morborum Temporibus’) speaks of them as gluttonous and heavy, 
sleeping long and soundly, and seldom remaining in good condition for 
more than five years, The same remark might be made of the present 
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race of pugilists, wrestlers, &c., and certainly the gymnastic exercises 
which form of the system of modern training present nothing in 
the effecta which they produce, either on the =o or body, that would 
make their general adoption desirable. 

The same cannot be said of gymnastic exercises practised under 
proper control, as a means of insuring a robust habit of body, and 
through it a vigorous intellect, or of curing certain chronie diseases. 
In such estimation were they held for this purpose among the ancients, 
that both Plato and Aristotle thought no republic could be deemed perfect 
in which gymnasia were neglected as part of the national establish- 
ments; nor did they estimate their value too highly. The observation 
of every day plainly shows how great an influence the mind and body 
mutually exert on each other, and if the care and cultivation of the 
former be a subject deserving the especial attention of the state, the 
proper training of the latter should undoubtedly at the same time form 
4 part of every system of education. It is however not only necessary 

exercises or gymnastics should be a part of education, but it is 
also necessary to provide that the gymnastics should be proper in kind 
me > degree, in conformity with the judicious observations of Aristotle 
(‘ Polit,’ lib. 8). . 


The principle on which gymnastic exercises act is evident; their 


immediate effect is an increase both in the size and power of the parts 
exercised, in consequence of an admirable law which obtains in living 
bodies, that (within certain limits) in proportion to the exertion which 
it is required to make, a part increases not only in strength and fitness, 
but also in size. Instances of the application of this law may be seen 
daily. A person is called on to engage in some new avocation, in 
which muscular exertion is required, and every day he is not only 
improved in strength and dexterity, but the muscles brought into 
unusual action increase rapidly in size and vigour, sv as soon to sur- 
= those of the rest of the ly which have been less employed. 

or does the beneficial influence stop here. If the exertion be not 
carried so far as tb produce excessive fatigue, all other parts of the 
body sympathise with the improving condition of that which is chiefly 
exerted; the circulation, excited from time to time by the exercise, 
acquires new vigour, and the blood being thrown with unusual force 


into all parts of the system, all the functions are carried on with 
increased activity ; an improvement in the general health is soon mani- 
fested ; and the mind (if at the same time judiciously cultivated). ac- 
quires strength, and is rendered more capable of prolonged exertion. 
As instances of the bad effects of a deficiency of exercise, it will be 
sufficient merely to allude to the condition of those who, being com- 
pelled to a sedentary occupation during the r part of the day, 
neglect to occupy a part of their leisure time in some active exertion, 
-aa, walking, riding, &c. 

But perhaps still more injurious effects are seen in large schools of 
girls, and especially in those in and about the metropolis. The fashion 
which prescribes a long list of so-called accomplishments as essential to 
the education of ladies, each of which requires a portion of the day, 
has left little or no time for bodily exercise of any kind; and the want 
of attention to this necessary condition of health has produced a great 
part of the diseases to which young females are subject. It would be 
difficult to say how else it is that the proportion of girls who are affected 
“by curvature of the spine and other deformities’ is so much greater 
than that of boys of the same age and condition in life. Dr. Forbes 
(‘ Cyclopedia of Practical Medicine’) mentions the case from his own 
observation of a boarding-school in which “ there was not one, girl who 
had been there two, years that was not more or less crooked.” He 
adds, “ scarcely a single girl that has been at a boarding-school for two 
or three years returns home with unimpaired health.” If the condition 
of boys at boarding-school be compared with, this statement, the con- 
clusion is unavoidable that the exercise allowed to young females is 
not only insufficient as re; the time devoted to it, but of too 
restrained a nature, Its ill effects indeed, when they first become 
evident, are very generally increased by the use of various means for 
supporting the parts which are sup to. be weakened, and for 
maintaining them in a passive condition of rest; whereas the only 
means by which their healthful vigour can be restored is their judicious 
exercise. A system of proper exercises would undoubtedly be bene- 
ficial, not only to the body, but to the mind; and the loss of the time, 
before devoted to study, would be fully compensated by. the increase 
of mental activity which the pupils, healthy and robust, would then 
bring to their studies. 

Excessive exercise, on the other hand, should be carefully avoided: 
for though less frequent, instances are not uncommon where undue 
exertion has produced effects scarcely less injurious than those which 
result from inactivity, The existence of either class of evils is suffi- 
cient to prove that —— should form a part of the education o! 
youth, as much as “ literary instruction, music, and the art of design,” 
which, with " gymnastic,” are mentioned by Aristotle (‘ Polit,’ lib, viii.) 
as the four branches of instruction recognised in his day. In order 
that nastics may produce their proper results, some general system 
should be established in all schools, by which one sex may be pre- 
served from the evils of deficiency, and the other from those of excess 
in exertion ; and the beneficial influences which 
on the mind as well as on the body, on the and moral 
habits as well as on the health and strength, may. be seoured to both. 
A desire to reunite physical with mental training is, however, now 


becoming prevalent, and to aid in this object the estjons which 
follow are made, A description of i oe 
ae ne ee ‘amiliar pg Ty eng I 
enic rules are equally applicable to girls as to boys up to a certait 
age, and the Lenpeatiel aioenian ar them would be a benefit to subs 
quent generations, .A more moderate use of the sports or games 
for girls, on account of their greater delicacy of structure 
less strength. The attempts to effect the improvement. contemplat 
should be commenced at the earliest period after birth. ; 
country, young children of both sexes have long been exempte 
the confinement and restraint ape the locomotive organs, as also th 
important vital organs seated in the chest, caused by the use of 
aw: a 


The propriety of conducting ita Sih iw 


competent masters, are therefore preferable to those 
towns. The alternation of bodily exercise with lessons, when cireum- 
stances allow egress into the open air, is eminently conducive to 
development and mental energy. The system of Infant Schools, 


ish Kindergarten,’ London, 1855), has the 
racteristic of conducting all the movements of the body in 
gymnastic exercises to the rhythm of musical sounds, but 
said to have proved successful in Germany, the system 
appear likely to commend itself to English 
thought. In any system of gymnastic exercises, however, for childr 

it is of essential importance to provide against violent straining of tl 
muscles,.as not only may permanent injury be inflicted on the healthy 
by excessive efforts, or unfit postures, but where gymnastics 
resorted to. for the cure of distorted spines of other deformities, 


evil sought to be remedied is aggravated from ignorance on the part 


of the superintendent. (See ‘Lectures on Distortions of the 

not connected with Caries,’ by Sir B. Brodie, London, ‘Medi 
Gazette,’ preg Bray The same objection page to much of the 
clumsy, often weighty iron apparatus employed to straighten curved 
spines and distorted limbs. The muscles of the back, neck and arms, 
judiciously brought into play, are the natural and most efficient means 
of correcting these deformities, The games, that bring the greater 
number of muscles into successive or ee play, — ie best to 
strengthen the system during infancy an vlescence, a1 ) maintain 
it in vigour and health during mavhood. <A few of the most 


appropriate may. be mentioned. ; a 
Oricket.—This , combines all the conditions stated above, as 
essential to heal: 


recreation. But to insure this, moderation it 
the length of time the game is pursued is above all requisite; a 
’ 


which the partakers issue often thoro' 


clothed, and often passing through the cold damp 
morning to encounter its depressing effects, Professio 


endeavour rather to astonish than please by their externas rt 
er become. the victims of aneurism, or heart, disease, al | not, 
seldom o i 


consumption. . 
The game of Golf as played in Scotland, and occasionally by — 
men in England, is a healthful recreation, and is often joined in 
seniors as well as juniors. The same circumstances recommend 


of the characteristics of winter into a source of health and vigour, and 
counteracts the evils of a, ry life, This isa point which ¢ y 
the greatest attention on the part of literary and professional men, 


does. By. 
habits and modes of — 
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is persons, and clerks long confined to the desk 

aid the counting-house, arises not so much from the exhaustion of the 
nervous energy, as from a deficiency of foot-erercise. The peculiar 
r n of the veins of the lower extremities, which lose the 
yalves connected with them while passing up the limbs, the moment 
ey enter the cavity of the abdomen, and thereby become dependent 
ian of the abdominal muscles, and those of the chest con- 
| in ion, for the propulsion of the blood to the liver, 

to be converted into bile, explains the injurious effects resulting 
from too sedentary a positi Rest and foot-exercise should be made 
to duly alternate; and thus the bodily powers and the mental 


y would be ensured. ae ae a sitting to 
wanton, by ing of writing for a time in the upright position, is 
afi advantage. for either singing ing aloud, the erect 


head attention is invariably 
ners who undertake to 

the ting ean bestow has good wind, or can have his cys Boe 
his speed, ppl heed 


. (See Cx On in 
‘alter Thom, Aberdeen, 1813.) By perseverance 
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trials instituted —— Mechanical Association of Andover Theological 
Th fete = py gl ald Re: i the Neces- 
of i ture to Lite: ‘en, and especially Clergymen,’ 
reprinted from the American edi in ‘The Student's Cabinet of 
"Useful Tracts,’ vol. i, p. 280, Edinburgh, 1835.) A asium 
now exists at the University of Oxford, but whether it be resorted to 
— who most need it, those most 9 to be “ sicklied o’er with 
cast of thought,” is doubtful. e teachers of gymnastic, or 
as are termed calisthenic exercises, are often incompetent to the 
task, and either neglect important points, or require excessive efforts 
from those under their direction. Few things employed to expand the 
chest are more hurtful than dumb-bells. ere afiything beyond the 
5 breaths in the open air, as mentioned above, is 
the systolic and diastolic cane, invented by Mr. 
Tenniel, is the best that can be resorted to, It is light, expansible, and 
can never overstrain the muscles of those it. Another serviceable 
t in eXpanding the chest is to cultivate the habit of reading 
nd, 


“The poet’s or historian’s page, by one 
Made vocal for the amusement of the rest,” 


f Journal of Education, October, 1834, it is justly said: 
‘one of the accomplishments w we wish to see cultivated among 
females, and which is greatly négleeted ot wholly overlooked, is the art 


of reading aloud. is a most healthy employment when used 
Since exercise to the lungs is as adv: to the ltings as 
to of the human frame. The ability to read aloud 


a truly domestic acquirement ; i¢ will be another link 
in the chain which binds mén to their hearths; it will amuse the 
young, cheer the old, and instruct the ignorant.” Where circum- 
stanges prevent the use of foot-exercise, riding on horseback comes 
nearest in excellence; riding in a carriage is an inferior substitute. 
Dr. Parry in his ‘Therapeutics’ observes, that if it were sufficient, it 
would be as reasonable to give our race-horses an airing on the 
backs of elephants; they would then have small chance of winning 
in the contest. Swimming is among the most healthful of recreations 


when nothing forbids its use, such as great , vs 
or other spasmodic diseases, ce duce heart 2 
restrained to proper limits, is useful, but ex- 


ery ne 
when 
the upper extremities to excess and stints the lower. The 


es watermen were striking instances of unequal development of 


is an exercise markedly conducive to health and happiness. In the‘ 


the frame. Skating, when not too prolonged, is, apart from the risk» 
of accidents, a highly salutary recreation. 

Bacon, Milton, Locke, thé greatest authorities on education among 
the moderns, are unanimous in commending out of door exercise as” 
constituting a portion of scholastic discipline. Milton enforces it thus : 
“ Besides these constant exercises at home, there is another opportu- 
nity of gaining experience to be won from pleasure itself abroad; in 
those vernal seasons of the year, when the air is calm and pleasant, it 
were an injury and sullenness against Nature, not to go out and see her 
riches, and partake in her rejoicing between heaven and earth.” 
Tractate, ‘on Education,’ $22. But all writers with uniform consent 
admit,— 

«That he whom toil hath braced, or manly play, 
Has light as air each limb, each thought as clear as day.” 
Castle of Indolence, 


(Strutt’s Sports and Pastimes of the People of England, 8vo, London, 

1831. Dr. Andrew Combe, The Principles of Physiology epplied to the 

ion of Health. Dr, Southwood Smith’s Philosophy of Health ; 

and The kB of Life, with special reference to the Physical Education 
of Girls, by Elizabeth Blackwell, M.D,, English ed., 1859.) 

GYPSIES, a word corrupted from Egyptians, is the name given in 
England to a wandering race of people who are found scattered over 
many countries of Europe, whither they migrated from the East about 
the beginning of the 15th century. Pasquier, in his ‘ Recherches 


Historiques,’ that they first appeared at Paris in the character of- 
penitents, or pilgrims, in August, 1427, in a troop of more than 100; 
under some chiefs who styled themselves counts, and that they repre- 


sented themselves as Christians driven out of Egypt by the Mussul- 
mans, They obtained ission to remain in the kingdom; other 
troops followed, and they wandered about in all directions, unmolested . 
for many years, committing petty depredations, and their women 
assuming the calling of fortune-tellers. In 1560 an ordonnance of the 
states of Orléans enjoined all impostors and vagabonds styled “ Bohe- 
mians,” or ‘“* Egyptians,” to quit the kingdom under pain of the galleys. 
The name of Bohemians, given to them by the French, may be owing 
to the circumstance of some of them having come to France from 
Bohemia, for they are mentioned as having appeared in various parts 
of Germany previous to their entering France ; others derive the word 
from “ Boém,” an old French word signifying a sorcerer. (Moreri, 
art. “Bohemiens;” and Ducange’s ‘ Glossary,’ art, “ Aigyptiaci.”) 
The Germans gave them the name of “ Zigeuner,” or wanderers ; the 
Russians, “ Zigani;” the Turks and Persians, “ Zingarri;” the Dutch 
called them “ Heiden,” or heathens; the Danes and Swedes, “ Tartars.” 
In Italy they are called “‘ Zingari;” in Turkey and the Levant, 
“ Tchingenes ;” in Spain they are called “ Gitanos,” or “ Zincali;” in 
Hun and Transylvania, where they are very numerous, they are 
called * Czigany ;” but they call themselves either “ Rommany,” a 
Sanscrit word for husband or head of a family, or “ Zincali,” meaning 
the black men of Ind. The notion of their being Egyptians is probably 
derived from the circumstance that many of them came immediately 
from Egypt into Europe, but it seems proved that they are not origin- 
ally from that country, their appearance, manners, and language being 
totally different from those of either the Copts or Fellahs. 

It is now generally believed that the gypsies migrated originally from 
India at the time of the great Mohammedan invasion of Timur Beg ; 
that in their own country they belonged to one of the lowest castes; 
which resemble them in their appearance, habits, and especially in their. 
fondness for carrion and other unclean food. Pottinger, in his‘ Travels, 
saw some tribes resembling them in Beloochistan, There is a tribe 
near the mouths of the Indus called Tchinganes, 

The language of the Gypsies seems everywhere to be mixed with 
the slang of the country they inhabit; but there is no doubt that it 
contains many Sanserit words, and it has been found to resemble some of 
the dialects of India, (* Bombay Transactions,’ 1820.) They have no 
traditions or records éoncerning their origin ; no religion of their own, 
but they adopt the outward forms of the people among whom they 
live, whether Christians or Mussulmans. Everywhere they exhibit the 
same roving habité, a dislike to a fixed settlement and to the arts of 
husbandry, ufi¢leanness in their food, licentiousness, ignorance and 
intellectual apathy, a disposition to pilfer, and to impose on the credulity 
of others. They seldom commit violent robbery or other heinous 
crimes, being fearful of punishment. Maria Theresa ordered those in 
her states to be instructed in agriculture, with a view to their permanent 
settlement ; but her endeavours wére not very successful. In Hungary 
and Transylvania, however, many of them have fixed habitations, and 
follow some regular trade; they Wash gold from the sand of the rivers, 
and they work iron or copper; some are carpenters and turners, others 
are horse-dealers, and even keép wine-shops or public-houses, They 
abound in Wallachia, Moldavia, and Bessarabia, and they are found in 
Russia as faras'l'obolsk. G@relltian, in his‘ Versuch iiber die Zigeuner,’ 
Gottingen, 1787, conjectured that there were then between 700,000 
and 800,000 in Europe, of whom 40,000 were in Spain, chiefly in the 
southern provinces. In England and Scotland, in both of which they 
were formerly numerous and troublesome, and many Acts of Parlia- 
ment were passed in vain for their suppression, they have much 
diminished of late years, in consequence chiefly of the inclosure of land 
and the more effective execution of the laws against ts. J 
Hoyland published the best information that could then be procured 
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concerning this race, in his ‘ Historical Survey of the Customs, 
Habits, and present State of the Gypsies; designed to develope the 
Origin of this Singular People, and to promote the Amelioration of 

their Condition,’ 8vo, York, 1816. He has largely made use of the 

work of Grellman; but for a correct account of the peculiar manners, 

l , and probable descent .of the race, the best authority is 
Mr. G. Borrow, particularly his ‘ Zincali; or an Account of the Gypsies 

of Spain.’ 

GYPSUM. The hydrous sulphate of lime furnishes materials which 
are extensively used in building operations, either for the purpose of 
obtaining plaster of Paris from the amorphous varieties; or for orna- 
mental sculpture, when the gypsum assumes a su anhydrous 
character, known by the name of alabaster. The amorphous um, 
is raised in enormous quantities in parts of Lincolnshire and in Derby- 
shire, in the neighbourhood of Paris, in Provence, Tuscany, north of 
Spain, lower Austria, Nova Scotia, &c. The anh drous varieties are 
ce ipally obtained from the département of the Isere in France, 

olterra in Tuscany, and the Guadalajara in Spain. The of 
the tertiary deposits of France, it may be added, contains a notable 
proportion of carbonate of lime, and even of soluble silica ; and it is no 
doubt on this account that it is able to be employed in external 
masonry, which is not the case with the English plaster. Another 
peculiarity of the real plaster of Paris is that it swells with inconceivable 
force in setting, and therefore requires to be used with great caution. 

Some artificial plasters are made, under the names of Keene's, 
Martin's, and Parian cements, by slacking the dehydrised sulphate of 
lime with solutions of borax, alum, or other salts, and then exposing it 
to a second calcination. 

GYPSUM. [Caucrum, Lime, Sulphate of.] 

GYRATION, CENTRE og aay m - heavy b sain or 
any system possessing weight, has a fixed axis of revolution, the centre 
pe pr ore is a point at any such distance from the axis, that the 
moment of inertia would not be altered if the whole mass were collected 
at that point. The moment of inertia being found by multiplying 
every mass by the square of its distance from the axis, the distance 
of the centre of gyration is found by dividing this moment of inertia 
by the whole mass, and extracting the square root of the quotient. 

_As this term is now very little used, we refer to Inertta for further 
information. 

GYROPHORIC ACID. [Licnens, Corourtne Marrers or.] 

GYROSCOPE (from the Greek yipos, a circle or rotation, and 
oxoréw, to perceive), an instrument recently by M. Foucault, 
and improved by various modifications, and which has acquired 
notoriety from its supposed efficiency in rendering visible, by its direct 
dynamic effects, the diurnal rofation of the earth on its axis. It seems 
to have been originally invented in the form of Jig. 1, by M. Fessel of 
Cologne, and was described in Poggendorff’s ‘ Annalen’ for September, 
1853. It has since been modified and improved by Professor Pliicker, 
and Mr. Wheatstone, and although originally invented apparently without 
any knowledge of Bohnenberger’s apparatus, is merely a modification 
of it, as described in Gilbert’s ‘Annalen’ (Ix. p. 60). The essential 
parts of Bohnenberger’s apparatus were a sphere capable of rotating 
about an axis whose extremities rest in opposite points of a hoop 
which can turn on pivots horizontally, within another hoop turning on 
pivots about a vertical axis. 

The principle on which the action of the instrument depends was 
discovered by Frisi about 1750, and enunciated as the principle of the 
“composition of Rotatory Motions;” and the instrument itself is 


Fig. 1. 


designed to exhibit experimentally the actual composition of rotations 
about different axes impressed at once on the same body, We 
know that if a body be set in motion in one direction, and any force 
tend to make it move in another direction, it will move in neither, but 


in an intermediate direction.. So also we have the strictly analogous 
of rotatory motion, namely, when a body is rotating about an 
axis, and any force tends to ¢ it rotate about another axis, it 
a ut either, Ppt phese © aan naee Selearnediioke to Saas 

us, to e a very simple, but paradoxical case (given by 
Professor Baden Powell, ina ee rh 
March, 1854) :—a wheel at one end of an axis, a weight at the- 
other, are suspended in equilibrio; which is, of course, 
whether the wheel be at rest or in rotation; the 


The apparent ent of the plane of vibration of the pendulum 
was first noticed by the Academicians del Cimento. This fact was 
brought to light in 1851, by Signor Antinori, director of the Museum 
at Florence, who found an autograph manuscript on the subject by 
Vincento Viviani; this note however was not published until after 
Foucault's discoveries, who was the first to connect this fact with the: 
rotatory motion of the earth. M. Foucault communicated his dis- 
ry to the Academy of Sciences at Paris, on the 3rd of Fe 
1851. His experiment with the pendulum will be fully d 
under the article Penpvutvum, while we shall confine ourselves 
his later invention, the syroncope, for showing the same 
motion of the earth. We shall, however, first mention M. Lion 
connection between this rotatory motion and the displacement 
plane of rotation of the pendulum or disc of the gyroscope. The 
tion of the earth on its axis has been proved by Foucault (1) 
celebrated pendulum experiment, (2) by his gyroscope.. 
a pendulum suspended over either pole of the earth, 
oscillation. It is evident that a spectator, carried round 
rotation of the earth, would pass, first under one end of the are 
vibrating pendulum, and then under the other, so that its 
oscillation would appear to him to make a revolution from east 
in the same time as the earth revolved from west to east. (2) 
pendulum be similarly ded over the equator. It is evident 
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in this case no change of the plane of oscillation can take place, because 
Fig. 2. 


the spectator cannot, by being carried round, approach nearer to one 
end of the are of vibration than the other. (8) If the pendulum is 
suspended at any intermediate latitude, In case, the rotation of 
the earth round the polar axis may be considered as the resultant of 
two rotations, one round the place of observa- 


an axis thi 
tion, and another round a werd sary axis. But the rotation round 
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the latter axis, bo as axis of the place, cannot affect the apparent 
motions of a lum suspended at the equator of that axis, which is 
the great circle through the place of observation. The pendulum will 
therefore be affected only by a motion round the axis through the 
place, which is the case jirst investigated. And the amount of this 
motion will evidently vary as the sine of the latitude. Hence the time 
of apparent revolution of the plane of oscillation=a sidereal day x sine 
of latitude. 
The gyroscope is an application of the well-known principle of the 
dynamies of a rigid body, that if a mass be set in rotation freely in 
, it will, unless it be disturbed, preserve in all cases its original 
iene of rotation, and to effect this, will even overcome slight impedi- 


plane of the disc actually revolved. 

dise has the mass composing it disposed as much as possible 
its edge, in order that, when put in rotation, it may revolve for 
longer time than it otherwise would. 

Since all ap deg of this rotating disc have a tendency by virtue 
centrifugal to fly off at a tangent to the circumference of the 
, in the plane in which it is vibrating ; hence, any attempt to change 
direction of this plane in space will be opposed by part of the 
which, were not restrained by the law of cohesion, 
of the dise would fly off. 

eatstone has described in a paper, read before the Royal 
April, 1854, a form of the gyroscope, jig. 1, which we will 
describe, as the experiments performed with it will be very 
ly transferred to the more perfect form, jig. 3. It is thus con- 
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structed : a beam is capable of moving freely round a horizontal axis, 
which is itself moveable round a vertical axis, so that the beam may 
move in any direction round a fixed point; at one end of the beam is 
fixed a horizontal ring which carries a heavy disc, the axis of rotation 
of which is in a line with the beam; at the other end is a shifting 
by means of which the equilibrium of the beam may be esta- 
or disturbed at pleasure. 
brought into equilibrium, and the disc be rapidly 
|, a8 by means of a string uickly unrolled from its axis, the 
will have no tendenoy to-displace 
w disturb in any way the equilibrium, Sp the weight towards 
i i reponderate, 
move round 
* eg se Mae . ore cause 
equipoise to preponderate, contrary effects wi e place. 
velocity of rotation of the beam round the vertical axis in- 
creases in ion to the disturbance of the equilibrium. Notwith- 
standing too the increased or diminished action of gravity on the disc, 
its axis of rotation always preserves the same inclination to the vertical 
axis at which it was originally placed. When the equilibrium is dis- 
while the disc is at rest, the beam being placed in any other 
the vertical, gravity acts so as to turn it round a horizontal 
ARTS AND SCT, DIV. VOL, IV, 
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axis; but when the disc is in motion, the usual effect of gravity dis- 
appears, and there is substituted for it a continued rotation round a 
vertical axis, that is, round an axis perpendicular to the plane contain- 
ing the axes of the two impressed rotations. 

A similar composition of forces takes place when the dise is caused 
to rotate while the equilibrium of the beam is preserved, by impressing 
on the beam a rotation round a vertical axis. When the disc rotates 
from right to left, the slightest pressure tending to produce rotation 
round the vertical axis in the same direction, causes the end of the 
beam carrying the dise to ascend, and a pressure in the opposite direc- 
tion causes it to descend, that is, the beam is constrained to move 
round a horizontal axis icular to the vertical plane containing 
the two axes of impressed rotation—a case exactly analogous to the 
preceding. The beam ascends and descends in like manner, after rota- 
tion has spontaneously taken place round the vertical axis in conse- 
quence of the equilibrium being disturbed, whenever this rotation is 
in any way accelerated or retarded. As the centre of gravity of the 
beam is below its point of suspension, even when equipoised, it is in 
perfect equilibrium only when it is horizontal, consequently, if it be 
elevated above or depressed below this position, it will endeavour to 
resume it, tending to produce in the two cases rotation in opposite 
directions round a horizontal axis; the rotation of the disc combined 
with this tendency, gives rise, as in the other cases, to continued rota- 
tion round a vertical axis; the direction being determined in a similar 
manner. 

In all these experiments the axis of the rotating disc has been sup- 
posed to be fixed in the prolongation of the beam ; but now let us suppose 
this axis placed at any inclination and any azimuth with to it, 
it is evident that the inclination of this axis should produce no differ- 
ence in the character, but merely in the intensity, of the effects, since 
in any inclined position of the disc its rotation is resolvable into others, 
one perpendicular to the beam, and the other, which produces no effect, 
in a plane containing it. When the axis of the rotating disc is vertical 
and at right angles to the beam, no rotation on the vertical axis ought 
to “ba piees in any case; but it is found that, although the beam be 
horizontal and in equilibrium, there is a motion round the vertical 
axis in opposite directions, according as one or other end of the axis of 
the dise is uj ost. This motion, however, is evidently due merely 
to the friction of the pivots dragging the beam to a corresponding 
motion ; because whether it be accelerated or retarded no change is 
produced in the horizontality of the beam. 

To take a few more experimental illustrations: let the system of 
rings carrying the disc be removed from the rest of the apparatus, and 
let the inner ring be allowed to move freely within the outer. Having 
set the disc in rotation, hold the outer ring at the end of the diameter 
which is in the e in which the axis of motion of the disc is free to 
move ; then giving to the outer ring a tendency to rotation round that 
diameter, in whatever position the axis is, it will fly to place itself in 
the fixed axis thus determined, and rotation will take place round it in 
the same direction ; while considerable resistance is felt so long as the 
moveable axis is changing its position; but when once it coincides 
with the fixed axis, the rotation of the external ring is easily effected. 
So, also, a slight alternate motion of the outer ring, tending to give it 
rotation in opposite directions, will cause a continued rotation of the 
moveable axis; and similarly, when we try to rotate the outer ring 
round an axis petpendicnlar to its plane, In all cases, when the axis 
of the rotating disc is free to move in a plane, and the outer ring is 
constrained to rotate round a line in this plane, the moveable axis will 
place itself so as to coincide with that line, and so that the dise shall 
rotate in the same direction as the ring; if the fixed axis be in a differ- 
ent plane, the moveable axis will assume permanently that position in 
its which approaches nearest to the former. The moveable axis 
is thus apparently attracted towards the fixed axis, if the rotations are 
in the same direction, and repelled from it if they are in opposite 
directions. 

In all these experiments the free and constrained axes of rotation 
are supposed to intersect, but in Fessel’s apparatus they are distant 
from each other. In this case, the rule must be thus modified, that 
the free axis of rotation tends to place itself 1 to the constrained 
axis, or as nearly so as possible. By this principle all the results are 
easily explained. Thus, when the equilibrium of the beam is destroyed 

ity tends to make it rotate round a horizontal axis; the axis of the 

ise tries to place itself parallel with that axis, but being unchangeably 
at right angles to it, the tendency to place itself there causes rotation 
round the vertical axis. 

Again, fix the outer ring horizontally, and loosen the inner ring, 
keeping them, however, both in the same plane; then, on moving the 
beam round the vertical axis, the axis of the disc will fly to place itself 
parallel thereto, The rings being placed in the vertical plane, the same 
result will follow, if the beam be moved ina vertical plane, that is, 
round a horizontal axis of rotation. 

Before describing a few more experiments with the gyroscope, we 
will again revert to its theoretic action, in order to explain more 
clearly the phenomena, We quote from a pamphlet, by Mr. Ladd, of 
Chancery-lane, accompanying his instrument : 

“ Every particle of a disc revolving on an axis has a tendency to fly 
therefrom, on account of centri force ; but diametrically opposite 
are the similar particles exerting the same influence on the axis. This 
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force, infil the axis all around, causes the rotating hody to tend | remain as if stable (for example, a common top) is due to their 
to preserve its of rotation, and with the size of the rotating body | rotation. 
it requires a considerable increasing f to displace its axis. This| Hence the gyroscope exhibits in a marked degree the three laws of 
fact being understood, presents the key to the explanation of all | inertia. 
the ex ts that the instrument is le of exhibiting. 1. That a body at rest cannot move itself, 

“ When the diso 8 is rapidly rotating, and the stand p is turned, the | 9. That a body in motion cannot itself, * 
pawbdteteetin 2 pahupeoeg' tin the same direction. The 8, That body in motion cannot change the in which it is 
friction of the vertical axis must as nothing ; » | rotating, any more than it can diverge a sbaight line if Ht has 
the tendency of the disc to keep the of rotation is not impeded, | only a motion of translation. 
ee te eee ee) nd, elias eee one The oe cohes of the ‘ 
ay a afer boege by aed and ene any Cees, mere t ied © er cnt eos een ty the Ree w. Cook 2 
an inclination stand p in ° produce ‘ wing priaclaie's farce ‘ont Cooke 
effect: that is, if the axis stand horizontally, it will continue to do so; in the ‘ Proceedings of the Royal Society, + Mark, ieee diy’ 
Seseieeap ae cree the messicizels 0 (0 tasnignh of bs Sie dee bees I. When « particle is made to move { é a plane by 
the axis of the disc will take up such a position as to coincide with the . ¢: 
Seahiads tute tones are simultaneously summoned into activity-—the | °° the same side of e- en ee its ergy in 
force of the hand, and the tendency of the dise to keep the of perpendicular plane ; | momentum 80 3 
rotation ; and the former being infinitely greater than latter, the imparted to the rigid body, which is consequently impelled { from, 

i i If the semicircle ¢ and : 


lifts a little from the table, and plays around the of the stand. 
Lip nde merece ty give re pants Aneel tngin ocr 2 oy crm 
at the bottom of the stand. If a weight F ded in the 


iy a slow horizontal motion to the 
spindle w. This is a beautiful and important experiment :—if the 


ma: 
possibility that the compound cflect can take place, and the one that 


tring 

of the rotating body to keep the position of its axis is so great as to 
resist the action of gravity on the mass, even if an extra weight be 
suspended on the opposite screw-head i. Another modification of the 

iment is to let the arrangement rest on a hook # in the con- 
tinuation of the axis in a hollow attached to the stand. If the weight 
be changed to the opposite side, the rN Py the eee 
direction. The rotating disc freely moved in all directions by the ms 
will furnish a very good proof of the resisting force which is opposed 
to any endeavour to the plane of rotation; and if placed with 
the screw-head & on the table, it will keep itself upright like a spinning- 
top; and if the friction between the screw-head and the table be 
greater than between it and the point on which the axis turns, the 
ring will remain stationary, Close to the disc on the axis is a milled 
wheel, which may serve as a means of calculating the number of revo- 
lutions in a second. If a card be held against it, a musical tone is 
produced, which will rise higher with the rapidity of the rotation; if 
the note be taken, and the number wf the teeth in the milled wheel be 
ote number of the rotations can be calculated by an acoustical 


then, illustrates the following principles :— 
inertia is a property of matter in motion, as well as of 
at rest. 


2. That the powér possessed by the shots projected from rifled guns 
of the influence of gravity, is due to the gyratory motion given 
peer gravity, ory gi 

8. That orbital and axial motions are intimately connected, and 


that the speed of one may regulate that of the other. 
4. That the condition of wnstable equilibrium in which bodies 
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matter 


|, the plane. er 
IL. When a particle is made to move { “a%4#} a plane by any 
applied force, but in consequence of its connexion with some rigid body 


on ‘the same side of the receives an extra momentum in— 
direction perpendicular to the plane; allthe momentum 80 red 


the plane. 
Let the mass of the dise of the instrument be 


manner, subject to the condition that the line of the pivots of 
the rizg is always Leeieatal "Ket Wp lipe UE tae aris be datieted by 


y and Suppose 
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so that y’ > y; if the disc is sup 
pinay, Sey hn , 80 as to acquire an increase of velocity 
plane a a, indepen of the foree P, and consequently (by 
of the above principles), all the momentum so required by 
ticle is lost to the disc, ring, &c.; which are {thus impelled 
foros in the direction opposite Sammon © Saas stan So 
rotation imparted by F, but to another round the centre 
disc, in the direction a LE in the of the ring, that is, in a 
icular to that in which A force 
tendency ie found, by. masala vues Wamerce we above 
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the other quadrants, Hence it without 
deduced by D’Alembert's principle : 
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made greater compared with ~ ; and if ¥ be a small weight, as is gene- 
rally used, the extent of the oscillation becomes 
theoretical 


insensible, The 
: maimum of » for a common has been found 
= 18’, pid 


that the , With the weight attached, an 
pendulum ; and the effect of the spinning is to disturb its 


and lessen their extent indefinitely, when the angular velocity 
disc is sufficiently great, , : 


of the 


taken from the rigid body, which is consequently impelled { rand f 


That these oscillations do exist will be evident, if we consider 
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guttural series, and is a faint pronunciation of 
ee ee ae In the 
the Greek and , the symbol whence the 
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" interchangeable with ¢, This is well seen in a comparison of 
2 yan rae bea parte ee gl Dade To the examples there given 
compared with the German zehen, and 


hesternus, and the Greek x@or (nom. x@wv) compared with the 
Latin humo- (nom. ). 
4. H is interchangeable with gy. Examples : the German ete com- 


Sormoso- ; the Portuguese retains the form formoso-. 

7. H with w. Many Greek words which had originally the digamma 
(another name for the letter w) at the beginning, took a mere aspirate 
afterwards. So in our own the word who has nearly exchanged 
the w for what is sounded as an / ; and the relative adverb how is no 
doubt derived from the relative itself. It isin this way that the Latin 
homo (homon-) is womo in Italian and whom in Walachian. 


honustus. Thus the last 
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of this is seen in the name 
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such person to produce the body of the prisoner, and to state the cause 
of his detention, and, further, to submit to and receive whatsoever the 
judge or court awarding the writ shall direct. 

The old writ de homine replegiando was issued for the purpose of 
replevying a man out of ea The in the Tae manner as chattels taken 
in distress may be replevied [Rurnevin] upon giving security to the 
sheriff that the man should be forthcoming to answer any c 
against him, And if the prisoner was removed out of the sheriff’s 
jurisdiction, the sheriff might make his return accordingly, and there- 
upon 2 process issued (called a capias in withernam) to imprison the 
party withholding the prisoner until he was produced. From the many 
exceptions, however, with which this writ was guarded, especially in‘ 
causes where the crown was concerned, it was a very insufficient 
remedy. The decision of the judges of the King’s Bench in the early 
part of the reign of Charles L., that they could not, upon a Habeas 
Corpus, bail or deliver a prisoner, though committed without any cause 
assigued, in cases where he was committed by the special command of 
the king, or by the lords of the Privy Council, caused the parliamentary 
inquiry which was followed by the Petition of Right, which recites 
this judgment, and enacts that no freeman shall be so imprisoned or 
detained. The court, however, and the judges, still endeavoured to 
uphold the prerogative of the crown; and, uently, the statute 
16 Car. I. c. 10, was extorted by the parliament, enacting that any per- 
son committed by the king himself or his Privy Council, or any mem- 
bers thereof, should have the writ of Habeas Corpus granted to him 
upon demand or motion made to the court, which should thereupon, 
within three court days after the return of the writ, examine and 
determine the legality of the commitment, and do justice in- delivering, 
bailing, or remanding the prisoner. Still, however, new shifts and 
devices were made use of to prevent the due execution of this act, and 
eventually the statute 31 IL, c. 2., was passed, which is called 
the Habeas Corpus Act, apd is frequently spoken of as another Magna 
Charta, By this statute the methods of obtaining this writ are plainly 
pointed out, and so long as it remains in force no English subject can 
“be long detained in prison, except in those cases where the law justifies 
a detainer. And lest it should be evaded by demanding unreasonable 
bail, it is declared by the 1 W. & M., stat. ii., ¢, 2, that excessive bail 
shall not be requi 

It has been customary in times of alleged danger to suspend the 
Habeas Corpus Act; but these are in fact the very times when the 
statute is most . The Habeas is the protection only 
of the innocent, not the defence of the guilty. A suspension of the 
Habeas Corpus Act is effected by an act of parliament authorising the 
crown, for a limited period, to imprison suspected persons without 
giving any.reason for so doing. But it has been customary to pass acts 
of indemnity subsequently, for the protection of those who have acted 
under the msion. An instance of the one is afforded by the 
57 Geo. III. ¢. 3, and of the other by the 58 Gep. III. ¢. 6. (Blackst., 
*Comm., Mr. Kerr's ed., vol. iii.) 

The statute 31 Chas. II. has been re-enacted or adopted, if not in 
terms yet in substance, in most of the American states. The New 
York statutes formerly provided for relief under the writ de homine 
replegiando, in favour of fugitives from service in any other state ; but 
this provision has been held to be contrary to the constitution and 
laws of the United States, and void in respect to slaves being fugitives _ 
from states where slavery is lawful. (Kent's ‘Com.’) 

HABE’RE FA’‘CIAS POSSESSIO'NEM, a judicial writ directed to 
the sheriff, commanding him to put the person who has recovered a 
chattel or porsessory interest in lands into actual possession. It corre- 
sponds to the Habere facias seisinam ; but now that the possession 
alone is recovered in ejectment, this writ is the one most in use. 
[Execurtton. 

HABE/RE FA’CIAS SEISI'NAM, a judicial writ directed to the 
sheriff, commanding him to put the person who has recovered a free- 
hold interest in lands into actual possession. In the exeeution of this 
writ, as well as of the writ of Habere facias possessionem, the sheriff 
may justify breaking open doors if the possession be not quietly 
delivered. The execution is effected by the delivery of a twig, or a 
clod, &e., if land; or by the delivery of the key of the door, &e., if a 
house is the subject matter of which the sheriff is directed to put the 
recoveror in possession,—all other persons being first removed from 
the premises. But if it be the presentation to a benefice which is 
recovered, the execution is by writ de clerico admittendo, directed, not 
to the sheriff, but to the bishop or archbishop, directing him to admit 
and institute the clerk of the recoveror. [ExxcuTIoN.] 

HACKNEY COACH. [Srace Carnrace.] : 

HAZMATEMESIS (from alua, blood, and éuéw, to vomit), a bleeding 
from or into the stomach. [Hmmornwacr.] 

HAMATO'CELE (from alua, blood, and «An, a tumour), an effusion 
of blood into the scrotum. . 
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HAZMATOXYLON CAMPECHIA'NUM ( ood), a tree native 
of Campeachy, but cultivated also in both the West and East Indies. 
The finest wood is the uce of the former place. The bark and albur- 
num being removed, is within a dark red coarse-fibred duramen, 
having a violet-like odour, and a taste at first sweetish, afterwards 
astringent, It dyes the saliva violet-coloured, and produces a similar 
change on many of the other secretions. Specific gravity, 1057. Ten 
pounds of wood yield 16-18 ounces of extract. Its chief constituents 
are volatile oil, resinous or fatty matter, a principle termed hematoxy- 
line, which is occasionally found in the wood in the form of crystals, 
and a brown matter containing tannin. 

Logwood acts as a mild astringent in hmwmorrhages or increased 
secretions ; and in some forms of diarrhea it often effects a cure where 
more powerful astri ts fail. (See Abercrombie on ‘ Diseases of the 
Stomach, &c.’) It may be exhibited in the form of infusion or of 
extract: the former is preferable. It is accused of causing phlebitis, 
or inflammation of the veins, in some cases where it had checked the 
diarrhea; but this is very rarely met with. Logwood is also used 
extensively in the arts, especially for dyeing. It gives the peculiar 
colour to the paper in which sugar-loaves are generally wrapped. It 
forms the basis of red ink, when Brazil wood is not used. 

HAEMATU’RIA (from alua, blood, and odpoy, urine), voiding of 
bloody urine. [Hamorruacr; Krpyeys, Diszases oF.] 

HZMO’PTYSIS (from alua, blood, and rdw, to spit), a spitting or 
coughing of blood. [Haworruace; Lunes, Diszases or ; Paruists 
PULMONALIS. } 

HAZ MORRHAGE (from alua, blood, and piyvuu:, to break). The 
most common cause of hemorrhage is external violence, by which the 
vessels of a part are divided, and the blood escapes from their cavities. 
When an of some calibre is wounded, a bright scarlet stream of 
blood is seieatled to a distance proportioned to the size of the vessel, 
in a current continuous, yet increased in force at intervals corresponding 
with the pulsations of the heart. This is called a jetting stream. If 
a vein of some size be divided, a stream of dark crimson blood is pro- 
jected in a perfectly continuous and equable current, and with less 
force than from an of the same calibre, in consequence of the 
loss of power which the blood sustains in its , through the 
minute capillary vessels. In wounds in which no vessel of more than 
a line in diameter has been divided, the blood flows in a constant more 
or less rapid oozing, but is not projected to any distance from the 
body ; at when it issues from both kinds of vessels at once, and in 
equal quantities, its colour is intermediate between those peculiar to 
each of them. The same mixture of the two kinds of blood may some- 
times, when a number of small vessels of both kinds, and a large one 
of either kind, are simultaneously divided, make it doubtful, from the 
colour alone, to which kind it belongs; and the distinction becomes 
still more difficult if the arterial blood be long detained in the tissues, 
for then it assumes a venous colour. 

When a large artery, as one of the main trunks of the limbs or head, 
is divided, the blood rushes forth with such impetuosity that life is 
often destroyed almost instantaneously. The quantity of blood lost 
however, and the rapidity with which death ensues, will depend in 
some measure on the freedom of exit which the blood finds after 
issuing from the wounded vessel, as well as on the mode in which it is 
wounded. If there be a free external aperture, no obstacle is presented 
to its flow, and death speedily follows ; if, on the contrary, the aperture 
be small, as in a punctured wound, the blood can escape but slowly, 
and is liable to coagulate in the passage, so as partially to block it up 
and render it still more narrow. If again the artery be completely 
divided, its extremities will retract into the tissues around, and be thus 
partly covered, so that the hemorrhage will be retarded. If it be 
cut longitudinally, the blood will flow much less rapidly than if the 
wound be transverse, because the aperture will gape much less widely. 
Ii, lastly, the wound be not cleanly made, if the edges be rough and 
torn, as ys a gun-shot, no blood at all will flow, at least for some time. 
None of these circumstances, however, is likely to do more than retard 
the fatal consequence of a wound of a large artery, unless immediate 
assistance be given. 

When an arterial branch of the second magnitude, as one of the 

i divisions of the main trunks in the leg or fore-arm, is wounded, 
the flow of blood is at first profuse, and a large quantity is soon lost ; 
but after a time the patient faints from extreme exhaustion, and then 
the heart ceasing to act the blood no longer flows, but begins to 

both within and around the vessel, whose extremities con- 
tract, and further loss may thus be prevented. More frequently, 
however, as soon as the patient recovers from his exhaustion, and the 
heart regains some of its power, the slight obstacles formed during the 
fainting are forced away, and the hemorrhage recommences and con- 
tinues till the patient is again exhausted. Thus by a succession of 
hemorrhages and of temporary staunchings, he may at last be destroyed 
by extreme debility. From arteries of er size, as those about the 
fingers, &c., the blood flows at first in a rapid little stream, but after a 
few minutes, if they are exposed to the cold air, they retract; their 
orifices contract and close, and the bleeding altogether ceases, without 
rmouch danger of returning. 

Hem from wounded veins is of less importance. It is much 
more slow, for the blood is prevented by the valves from flowing from 
that part of the vein which is between the heart and the orifice, and in 


en eee it has only the force of that in the 
er arteries. Hence it is seldom immediately fatal, and when the 
patient becomes faint the edges of the vessel i 
remaining open as those of arteries, Thus a 
and around them, and, except from the largest trunks, prevents any 
further flow, Other cases in which bleeding takes place from large 
vessels are those in which they are burst by sudden efforts, as some- 
times a tobe the aorta, especially when it or the heart is diseased ; 
those in which the walls of an aneurism or otherwise diseased artery 
or vein burst or ulcerate; those in which ulceration, in 
BUrITO! 
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But bleeding to a great extent may take place without visible rupture — 
of any vessel, This form of hemorrhage, which may in, 


examination can discover no aperture through which it had flowed. 
It is therefore called hemorrhage by exhalation, from the idea that the” 
vessels which in health are traversed only by the fluids of the exhala- 
tions or secretions, now permit the passage of the blood. The a 
instances in which the blood has been seen flowing in these cases are 
those extremely rare ones of hemorrhage from the skin of 
hands, feet, &c. In these the surface is covered by a dew of 
this be wiped away no unnatural appearance is Seen 
blood soon exudes again. From this the would appear 
very similar to that of menstruation. When internal 

which hemorrhage has taken place are examined after 
sometimes found loaded with blood, but at others quite 
vessels having been completely emptied; when pi ,» small 
proceving from’ the ériues of soerding dds. Sedo thesssaa ead 
P i m the orifices of secreting ducts. ese , 
circumstances it is probable that the blood does pass through the 
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vessels which naturally are permeated by the ions, though the 
minute details of neither process are yet wholly ces rar It cannot | 
however be certainly affirmed that the minute blood-vessels are not 


ruptured, for neither the apertures nor the cicatrices in them could be 
in any way visible. 

The circumstances under which these hemorrhages take place are 
various. In some cases they arise from distension of the vessels in — 
consequence of some local excitement, either with or without increased 
activity of the circulation generally ; and in these the flow of blood is 
preceded by a sensation of fullness and throbbing in the part, which, if 
visible, appears red and swollen. Such are those which take place in 
bronchitis, producing some rare cases of hemoptysis ; in dysentery and 
acute inflammation of the intestines; from the membrane of the nose, 
producing the epistaxis so common in young persons in robust 
in the brain, producing some forms of apoplexy, ially those con- — 
nected with hypertrophy of the heart; and occasionally in the acute 
inflammations of nearly all the tissues. In other cases the main cause | 
of the hemorrhage is the existence of some obstacle to the free passage 
of the blood through the vessels. Such are those very frequent cases ~ 
in which hemoptysis, or spitting of blood, takes place in consumption, — 
where the blood is obstructed in its passage the pulmonary © 
arteries by the masses of tuberculous matter deposited around them; — 
those of hematemesis, or vomiting of blood, which arise from obstruc- — 
tion of the splenic or portal vein, by coagula, or by disease of the liver 
or other adjacent organs, and the consequent congestion of the vessels 
of the stomach ; many of those which occur from the stomach, uterus, 
and other organs, in the early stages of various structural diseases ;. 
those which depend on disease of the heart, producing obstruction in 
the large vessels, and which may take place in the brain, lungs, and - 
various other organs ; and those arising from obstacles in the veins, as + 
in ing, or even from the influence of gravitation. 


But a 
increased 
them, cannot explain all the phenomena of these spontaneous hemo- 
—— In many cases om ig me pete vessels, or of the 
blood itself, must be assumed, and is indeed nearly proyed. To these | 
must be referred many cases of what is called idiopathic hmmorrhage, 
as in a, ——- of ee ae oe 6 - some per- 
sons, indeed, there appears to be a peculiar dispositi 
hemorrhage diathesis. Mr. Abernethy (‘ Surgical Lectures’) used to 
speak of a bleeding family, in all of whom it was extremely cult to 
staunch the blood from even the slightest wound; and among other 
similar cases are not a few in which fatal hamorrhage has followed the 
extraction of a tooth, or, in children, the application of leeches. Every 
surgeon, also, must have observed that in the same operations in 
different persons the number of vessels requiring to be tied varies — 
greatly; in some amputations, for example, it is not necessary to 


secure more than the main artery, while in others eight or more must 


be tied, and this not admitting of any explanation from local differences 


health; | 


simply mechanical distension of the vessels, whether from an — 
«sl of blood into them, or a retarded removal of it from = 
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Many other circumstances might be adduced to show that there are 
conditions of the smaller vessels in which they may not only more 
i i , but are less capable of effecting those 


and other organs, which occur in 
y istingui from the first class we have noticed 

rather by the general appearance of the patient than by any local 

circumstances. 


Lastly, there are cases in which the hemorrhages that take place, 
often coincidently from several organs, may be presumed to depend on 
alterations of the blood itself. Such are those that occur in scurvy, in 


health, into a firm coagulum and a clear serum, but settles into a loose, 
livid, or dark jelly-like i 
probly the pitechial and other efusions of lood in fever. 


5 ee favour the idea of a periodic action 


menstrual ppressed 

ai, ep aamnper for by hemorrhage from some other organ. 
of the cases of taneous 

; and in 


further bleeding may be prev 

extremities retract into the sheath of cellular tissue in which they lie, 
so that a considerable interval is by 
loose and irregular walls, into which the blood as it flows infiltrates, 
coagulating, tends to fill it up and obstruct the vessel. The open 
the artery also contract, and gradually, but at last completely 
at above their extremities. As the stream of blood 
the narrowing and closing of its canal, at the 
faintness induced by the previous loss, the 
weakened and the whole ci ion retarded, it 
coagulate within the vessel itself, till its tube is nearly filled 
to its walls. Further changes then ensue; 
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forming a firmer plug than the blood alone had, 
process of time this lymph becomes organised, vessels enter it from 
parts around, and it becomes firmly and tly united to 
and the vessel, till at its tube is rendered impervious 
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e cicatrix around it. If the artery be only partially divided, 
effects follow; though, if the cut be extensive transversely, 

certainty, because retraction cannot take place, and the 
um, if formed, is washed away by the stream which 
along the vessel. The natural cessation of hemo- 
is effected in the same manner, but far more easily ; 
ves prevent any bleeding from the part nearest te the heart, 
, instead of gaping open, fall together, and soon become 
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arteries, when the main current is checked, another in a retrograde 
direction is always established into the beyond the ligature. The 
operation of the ligature is not merely to prevent m ically the 
flow of blood from the opened vessel. When a fine cord is drawn 
tightly round an artery, something is felt to give way under it, and, on 
removing it and ing the artery, its inner and middle membranous, 
coats are found ecote aut through as with a knife, while the outer 
coat remains. When the ligature is left on, it embraces this outer coat 


loosely, and thus rendering the canal impervious, completely prevents 
further bleeding. The blood thus becoming stagnant, paar in the 
lower part of the vessel and adheres to its walls; these at the same 
time inflame, coagulating lymph is effused from their cut edges, and 
becoming nised, at last, as in the natural process, completely fills 
-. semapene of the vessel, while the part constricted by the ligature 

and gives way, permitting the cord to be safely drawn away 
at the end of from six to sixteen days. 

Previous to the general use of the ligature, introduced by Ambrosé 
Paré in the 16th century, numberless. means for checking 
hemorrhages, then so frequently fatal, were resorted to by surgeons, 
under the names of styptics, astringents, &c. They were in the habit 
of applying hot irons to the stumps of amputated limbs to stop 
the bleeding, which it is probable the eschar thus formed would 
generally effect. At present however the use of the actual cautery is 
nearly abolished in this country ; it can only be justifiable in the few 
cases where, from peculiarity of situation, the vessel can neither be 
tied nor compressed, and for such cases it is certainly the most effectual 
styptic known. Cold air or ice is nearly as useful, and far oftener 
applicable : it is quite sufficient in all common cases where only small 
vessels are divided. In the very few cases where any astringents are 
required, as in some of external bleeding from diseased surfaces or 
from tumours, the best are solutions of sulphate of copper and of 
alum. Another class of remedies that may be usefully employed are 
those which act mechanically—as sponge, agaric, lint, and other light 
very porous bodies, which placed over a small bleeding orifice will 
a completely obstruct it by favouring the coagulation of the 


Such are the principal modes of treatment applicable in cases of 
external or surgical hemorrhage in which vessels are divided by 
external injury, and are within reach of the eye or fingers. In internal 
hzemorrhages however it is obvious that mechanical means can rarely 
be employed. From the varied nature of the cases from which they 
arise it is evident that different means may be required in the several ~ 
kinds of cases. In those so closely related to inflammation, in which 
there is accumulation of blood from local or general excitement, the 
hemorrhage is itself a naturally curative means of its cause, and need 
not be checked unless it implicates some important organ, as the brain, 
and then the most advisable means of arresting it is to bleed from the 
arm. So, too, in cases of habitual or vicarious hemorrhages, if not 
dangerous or very inconvenient from locality, it will seldom be advisable 
to check them, for they are generally outlets by which a plethoric 
condition that would else be highly injurious is cured; at any rate 
they should be arrested gradually and cautiously. Where external 
means are applicable none are so as cold, or, as a last resource, 
pressure; as by plugs putin the nostrils, &c. Where a mechanical 
obstacle to the passage of the blood exists, medicine can often do 
nothing for the permanent cure of the hemorrhage that it produces. . 
For the time, the most effectual means are cool air, cold water or ice 
applied as near as convenient to the seat of bleeding, iced drinks, 
perfect quietude, and the ayoidance of all stimuli; the body should be 
placed in that position in which blood may gravitate from the affected 
part, and if there be any indication of plethora or accelerated circula~ 
tion blood should be drawn from the arm to an amount to be 
determined by the circumstances of the case. In many cases great, 
benefit results from exciting the vessels, of and near the part, to a 
copious secretion of the usual fluids, as in some cases of haematemesis 
by administering purgatives. If astringent remedies be deemed 
advisable, and in many cases they are highly useful, the acetate of lead 
will generally be ferable, and next to it the different vegetable 
compounds of ie acid. [AsTrINcENTs.] The treatment of the 
peculiar class of hemorrhages from alteration of the blood is con- 
sidered under Fever, &c. Bleeding from the nose is treated under 
Epistaxis. (J. F. D. Jones, On Hamorrhage and the Ligature ; 
T. Watson, Cyclopedia of Medicine, art. ‘ Heemorrhage.’) 

HAZMORRHOIDS (from ala blood, and fiw, to flow), varicose 
tumours of the veins of the rectum. [Anus, Diszasrs oF THE.] 

HZRETICO COMBURENDO, WRIT DE. [Heresy.] 

HAGUE, ALLIANCE OF THE. [Treaties, CuronoLocicaL 
TABLE OF. 

HAIL, STONES, HAILSTORMS. The conversion of the 
aqueous vapour which is an essential constituent of the atmosphere, by 
the depression of its temperature, either successively into water and ice, 
or immediately into the latter without the sensible intervention of the 
former state; and whether in the atmosphere itself, or on the ground, 
or against the surfaces of bodies resting upon it or extended into the 
air, presents several subjects for philosophical investigation, all of them 
having important relations to the welfare of man and of the various 
beings. of ic nature he associates around him, as well as to the 
operations f human life. Water in the solid state is produced from 
the atmosphere in several ways, and in different forms, When a 
portion of the vapour in the air at certain elevations freezes, by the 
sudden reduction in temperature of its entire mass, it becomes con- 
verted into innumerable te congeries of minute perfect crystals 
of ice, which are called flakes of snow; when that in contact with 
solid bodies forming part of the surface of the earth, or immersed in 
the atmosphere, becomes sufficiently lowered in temperature by their 
loss of heat by radiation, hoar-frost appears ; and under other physicat 
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circumstances we shall now proceed to describe, another and distinct 
form of eric ice is produced, termed Har. M 
Sir John Herschel has stated his views of the philosophy of this 
subject in the following terms: after relating the observation, during 
a balloon ascent, of the ture of 46° Fabr. at the height of 
12,000 feet, and that of 22° only, or 24° colder, at the same elevation 
in the descent, a heavy fall of snow being then and there in progress, 
he says:—“ It is evident that this arose from the condensation of 
at that level, and that, from the intrusion of some current, a 
mass of intensely cold air had been introduced, which, finding vapour 
near saturation, converted it into snow. It is equally evident,” he 
continues, “that had the latter condition prevailed, not at the level in 
question, but at a somewhat higher, where the condensation might 
have been into rain very near the ing point, the drops in de- 
scending would have been frozen solid, fallen as hail. It might 
have been so equally, had the precipitation been so copious as to allow 
the coalescence of a great number of minute particles in a nascent 
state into drops frozen together instanter, since there is good reason to 
believe that the solid form is never assumed without transition through 
the liquid, however momentary.[*] The géneration of hail seems always 
to depend on some such very sudden introduction of an extremely cold 
current of air into the bosom of a quiescent, nearly saturated mass, 
Hailstorms are always purely local phenomena, and never last long. 
They often mark their course by linear tracks of devastation, of great 
length and very small breadth. In the hailstorm of July 13, 1788, 
which across France from south to north, two such tracks were 
marked, of 175 and'200 leagues in length respectively, parallel to each 
other, the one four leagues broad, the other two, and ted by a 
tract five leagues in breadth in which only rain fell. A similar 
character is very common, though not to such an extent, Such linear 
hailstorms are always attended with violent wind, sudden depression 
of the barometer, indicating a great commotion in the air, and probable 


The following account, extracted from the celebrated ‘Climate of 
London,’ by Mr. Luke Howard, F.R.S., of a hailstorm as observed at 
Plaistow, in the county of Essex, near the metropolis (the scene of his 
first series of meteorological observations), on the 19th of April, 1809, 
affords an instructive example of the local. phenomena of such storms : 
—*“The day had been sultry, like some preceding ones, and overcast 
with clouds, which during the afternoon gave evident demonstrations 
of an approaching discharge of electricity. La: 


(which I 
otherwise 


lightning, and very heavy rain, the latter aj ing luminous on the 
“Joes in heavy storm, 
oes eavy & 8, 


western direction by the village of Bow, and it reached eastward from 
thence only about three miles. Its course rg to have been from 
8. to N., over Blackheath, Bromley, Plaistow, West Ham, and so up 
the country between the rivers Lea and Roding.” The amount of 


(* On this subject see a paper by Mr. Brayley, ‘On the probable existence of 
but two States of Aggregation in Ponderable Matter,’ Annals of Philosophy, 
New Seriés (for September, 1826,) vol. xii. pp. 195-200.) 


damage occasioned by the hail in this case ix mentioned in the sequel 
article. : 

Many other accounts of hailstorms, and remarkable falls of hail, 
snkeahiadlietenes of remarkable character, at varias pecan 
England and other countries, are distributed through the ‘Climate of 
London.’ 


a few min and very seldom so long as a 
he writer of article referred to further 
remarks, that “the elouds from which hail is appear to be’ 
of very considerable extent and d inasmuch as they produce a 
great obscurity. It has been remarked,” he adds, “that they have a 
peculiar gray or reddish colour, and that their lower surfaces ‘ 
enormous protuberances, while their edges exhibit deep and numerous — 
indentations.” Other characters of these clouds have just been 


bet comce ttenawes Sig nplieel oval , or rounded masses, ¢ 


romeked vat (on making & e6étiee,) thee Connénacie fa like the rings - 
in the section of the trunk or branch of a tree. The form is 

conical, with a rounded base, when they appear to consist of b 
meeting at the apex, but there is reason to believe that 
portions of spheroidal concentric-laminar concretions. They 
the size of small peas, or much less, to that of an egg, an 

man’s head, and weighing from a few grains up to fourteen pounds 
upwards. Very frequently hail falls of which each separate 
originally was,a regular tetrahedral crystal of ice, generally 


faces, apparently owing to the tendency of crystals ing to 
monometric eyetern Of crystalliaation to which tee in part 
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assume curved forms. Often, these have an obvious concentric-laminar — 


structure, and they are often d 
solid angles and edges 


egraded into a conical 
becoming rounded by partial 
their ~# — “g SCWMEN ‘Mbt SUE SEE 
tetrahedral nucleus, the ec 
during accretion into a spheroidal solid. indicated binges 
centric-laminar is also a fibrous structure in hail as in he 
other terrestrial minerals. In the ‘ British Mineralogy’ 
eminent naturalist-draughtsman James Sowerby, a work 
are scattered many valuable facts, isan excellent plate of 
tetrahedral hailstones, with separate figures of the constitu 
and their structure. Sir J. Herschel has cited from Dr. 
‘Introduction to Meteorology’ a remarkable example of 
stones of a radiated structure, but such as to evince that the parti 
stone examined had been formed in passing through two 
regions of condensation in the air. He also cites from Dr. 
the observation rey India the hailstones = from five to 
times larger than the average magnitude of those in Englan 
weighing from six ounces to a pound, being seldom less than 
in size, often as large as oranges and pumpkins. The storms in w! 
they are produced are almost always accompanied violent wi 
and rain, thunder and lightning, and are frequent in the del 
Ganges, especially in the low country within fifty miles of 
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phenomenon by a 
qualified observer, and it is to be believed that in many instances a 
of ice really uced on the ground by the consolidation of hailstones 
which have fallen within a small area and heaped one w another, 

has been supposed to have actually fallen ready formed. ‘The following . 
case from Dr. J. D. Hooker's ‘ Himalayan Journals’ will illustrate the — 
view now taken. On the 20th of March, 1849, at noon, a violent 


i 


forest-tree region, intervening between the plains of India and the — 
Himalaya mountains, in this locality the Sikkim Himalaya. The hail 
was of “astrange form, the stones being sections [sectors or ] 


of hollow spheres, half an inch across and upwards, formed 
with truncated apices and convex bases,” with their bases 
outwards. The fall of the large masses was followed by a shower of 
the separate conical pieces, and that by heavy rain. “On the mountains 
this storm was most severe : the stones Ia’ petted mon SE alpcaead oe 
the mean temperature in March is 45° Fehr.) for seven , CO 

into masses of ice several feet long and a foot thick, in sheltered 
places, At Purneah, fifty miles south, stones one and two inches across 
fell, probably as whole spheres.” Mr. Howard quotes a notice of a 
hailstone fallen in Hungary in ine This ain nA ais exceeded. 
the strength of eight men to odie ee eee 
(as far back as 1838) the fact as well as the principle of what is now 
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from the south-west, occurred in the Terai, or aa = 
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termed regelation, was doubtless “what is called ‘an ice-board’ 
formed by hail agglutinated in a hollow, by partial fusion on the 
surface, the whole freezing again by the intense cold within.” The 
largest hailstones are stated to be of very rugged and irregular form, 
resembling portions of a great sheet of ice broken into pieces. An 
American observer, the Rev. D. A. Clark, cited in the ‘Climate of 
London,’ saw in the heat of summer, hailstones about one-fourth or 
three-eighths of an inch thick, and of sufficient diameter to hide a 
shilling, almost every one of which was perforated in the middle, as 
if it had been held between the fingers till thus melted. When the 
perforation was not complete, there was in noo pate a tendency to it. 
These were probably of the concentric spheroidal laminar structure, in 
which the central portions were ee Mr. Howard has him- 
self described a freezing shower which fell at Plaistow on the 19th of 
January, 1808, and which glazed the windows, and encrusted the 
walls, and encased the trees, the garments of passengers, and the 
umage of birds. A portion being received on a sheet of paper was 
‘ound to consist of hollow spherules of ice, filled with water; of 
globules of hail, and of drops of water at the point of 
freezing, which became solid on touching the bodies they fell upon. 
As it is stated that the thermometer exposed from the windows 
indicated 30°5°, the temperature of these drops must have been below 
the freezing point, their solidification taking place, agreeably to the 
property of water in that condition, on the agitation of their particles 
occasioned by their impact on the surface upon which they fell. 
Had the of freezing proceeded further before the fall of the 
shower hollow spherules filled with water would have become 
ordinary hailstones with a cavity in the centre. 
The 


conductor. During the remainder of the approach of the shower, they 
closed again. At the moment when the latter [the shower] 

to touch the observatory, they opened positive, diverged more 
speedily, and the a) for a considerable time 
positive. ually 


charge in the column of falling hail, which may probabl. 

fave beets ve saree thon in diameter, and which aeipectd to ou 
surrounded with a negative area, extending into the dry atmosphere 
about three miles in every direction. This very considerable quantity 
of electricity, and that of some perven was conveyed by an amount 
of hail comparatively insignificant; for when melted into the rain-gauge, 
together with that of several previous showers, it did not produce more 
than a hundredth of an inch of water in depth. It is an example of the 
fact we shall have to consider elsewhere, of how powerful an electrical 


= capable of erage 2 
, a8 cited by Mr. Howard, attributed the greater or less 
of hailstorms in 


the calamity of hailstorms ; and it has often been observed, he states, 
that in other plains bordering on high 


|, pp. 106-108) 
jitations from the 


dissipating them, and especially of preventing the formation or the fall 
of hail. Arago (loc. cit. pp. 212-218) has given an account of this 
practice, of the efficacy of which he considers that there is no sufficient 
evidence, if even the tendency of the evidence is not to show that con- 
tinuous discharges of artillery may induce local thunderstorms. On 
the other hand, the experience of the Marquis de Chevriers, in pre- 
serving his lands from the ravages of hailstorms by the explosion of 
boxes of gunpowder, which he caused to be fired on the neighbouring 
heights on the approach of a storm, while the villages in the vicinity 
frequently experienced their baneful effects, does not appear to have 
been sufficiently considered by that philosopher. There are some 
grounds for believing, also, that the particular conditions of the atmos- 
phere which result in the formation of hail may be counteracted by 
fires. Matteucci, the eminent Italian physicist, whose electrical 
researches continue to enrich science, informed Arago that there is 
a parish near Cesena, in Romagna, throughout the extent of which, 
for seven miles round, the peasants, by the curé’s advice, place at about 
every 50 feet heaps of stone and brushwood, which they set on fire 
when a storm is seen approaching. This practice had been in force for 
three years, during which time the parish had not suffered either from 
thunderstorms or from hail, although it formerly suffered much every 
year from hail, and the neighbouring parishes had continued to do so 
during the period. “Three years,” Arago remarks, however, “ are not 
a sufficiently long period of time to allow of any definitive conclusion 
as to the preserving influence of large fires. The experiment is 
being continued, and the public will not fail to be informed of the 
results.” . 

The principle of insurance has been applied to indemnify persons for 
the very heavy losses sometimes occasioned by these meteorological 
phenomena, both by the Royal Farmers’ and General Insurance Insti- 
tution and by a society connected with the Norwich Union Insurance 
Company. The uncertainty which exists in reference to the occur- 
rence of these frequently calamitous storms in any particular locality, 
and the circumstance that, while no human ity can foresee or 
prevent them, it is utterly impossible to produce them by fraud, appear 
to render such casualties peculiarly fit, so soon as observation and 
experience shall have established accurately the average risk, for the 
application of a principle which has long been applied to casualties of a 
nature less uncertain, more easily provided against, and which afford 
teed opportunities for deceit and imposition, The Hail-storm 

nsurance societies have published chronological lists of the most 
remarkable hailstorms in this country during the present century, 
which present an array of destructive calamities far exceeding what 
might have been expected from their rarity. It is curious also to 
observe that they appear to have increased in frequency of late years. 
In one case, which we select solely from the more circumstantial way 
in which the details are given, many farms of corn were (on the 14th of 
July, 1824) literally destroyed in Hertfordshire, Middlesex, and Essex’; 
the damage done upon a space of 3487 acres in the last-mentioned 
county alone was estimated at 14,574/., or about 4/. 3s 7d. per acre, 
upon an average. It is stated that this was the third time within a 
period of thirty years that the crops in the north-western part of that 
county had been destroyed in like way. During the great hail-storms 
in the months of July and August, 1843, by which immense damage 
was done in Cambridgeshire, Norfolk, Suffolk, Essex, Hertfordshire, 
Berkshire, Kent, Oxfordshire, Bedfordshire, Gloucestershire, and York- 
shire, several cases of individual loss amounted to upwards of 20001. 
The breakage of glass in windows and skylights, and more especially in 
conservatories and hothouses, is one of the most frequent injuries 
inflicted by hail-storms, the masses of ice which fall being some- 
times sufficient to demolish the wooden framework also. Such extra- 
ordinary cases of devastation will be fully accounted for if it be 
considered that, as it is stated in a paper issued by the Farmers’ 
Insurance Institution, on the authority of Leslie’s ‘Elements, “ hail- 
stones having a diameter of two inches,” a size which has been 
exceeded in several well-authenticated cases, “ will fall with a velocity 
of 113% feet in a second, or more than 1} mile in a minute.” In the 
hail-storm of the 19th of May, 1809, Mr. Howard’s account of which 
has been given above, it is estimated that 200,000 panes of glass were 
broken in the immediate vicinity of London alone, besides great 
damage being done in fields and gardens, and the foliage and branches 
of trees being cut off. An equal number of panes is supposed to haye 
been broken in the northern suburbs of the metropolis on the 30th of 
July, 1826. In the denser parts of the metropolis itself less damage 
appears to be done on such occasions, probably because the vast column 
of heated air always rising from it alters the local atmospheric con- 
dition requisite for the production of large hail. 

Hailstones of from six to eight or nine inches in circumference are 
frequently mentioned as having fallen in this country, in the lists 
referred to, which are compiled from contemporary publications ; and 
on the 8rd of August, 1824, when the ea-tern part of Suffolk was 
visited by a violent hail-storm, by which fowls and game, as well as 
glass and crops, were extensively destroyed, the ice accumulated in 
some places to a surprising depth. In many cases a considerable extent 
of ground has been covered to the thickness of several inches. It is 
worthy of remark how very large a proportion of the destructive 
storms are recorded to have occurred in the months of June and July, 
Without noticing the cases in which two or more storms which occurred 
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about the same time are alluded to as one, which would render this | supply of materials; the eli are sufficient. The hair 
proportion more remarkable, the cases recorded in the above- | goes through numerous mani on a small scale. It is laid 
mentioned lists occurred as follows :— epee oe Preven ane eee water and soda ; 
dried on a soft towel; gently drawn between brushes ; and. sorted 
In the month of January .  . 0 into different finenesses and By the aid of small leaden 
” February . 1 plummets, pieces of strong thread, and a work-table with peculiar 
” March. 2 marks and holes on its upper surface, the hairs are made to twist or 
April. 3 curl or knot round one another, something in the manner of pillowed 
” May . 7 lace; a pattern marked on paper or being on the 
June 10 table immediately beneath the w ‘or making such small articles as 
” July . 7 lockets and brooches, advantage is taken of the facility with which 
” August . he hair curls up when a heated iron is applied to it; it depends a 
” September 2 gradual application of this ented. testi gpcoduon the ire Sage 
” aero : of curvature inthe cut The Great itdon in Hyde Park Gone 
” tained specimens Dainoeh, recrenenting pecicelts, SOSA TiaaaE 

” December 2 &c., as remarkable for patient industry as for defective taste. 
7 46 Horse-hair, &c,—Various manufactured articles in horse-hair possess 
qualities which could not be found in other substance easily 
The copious lists of hailstorms published by the Farmers’ Insurance | obtainable. The horse-hair differs in and colour, Some 
Institution, which gives references to authorities, and in many cases\| of the white hair from the tail of Russian horses is as much as forty 
minute details of the done, appeared in the advertising sheet | inches in tom rela ee ae) great evenness, my pear and_ gloss. 
of the ‘ Farmer’s Almanac’ for 1845. Various other kinds, black, gray, and white, come to in lengths 
Mr. Howard remarks, in agreement with the results in the table | from twenty to forty inches. Rome kinds are fitted for the stuffing of 
just given, that hail is of rare occurrence in the winter, in England ; if | sofas and other articles of furniture ; while others have the mameds 
we except a sprinkling of small opaque grains which in the fore part of | straightness and other qualities for the hairs of violin bows. Horse-- 


the night indicate the approach of a low temperature, and are found 
on the frozen ape be on the ice of the ponds in the morning. 

Mr. Alfred R. Wallace, in the account of the climate of the valley of 
the Amazon, — to his ‘ Travels’ on that river, cites an authentic 
account of a of hail on the Upper Amazon; a remarkable occur- 
rence, he observes, at a place only degrees south of the equator, 
and about two hundred feet (only) above the level of thesea. Children 
were out at play, and brought the hail to their parents, astonished at a 
substance falling from the clouds which was quite new to them and so 
remarkably cold. [Ick; Merroronocy; Syow.] 

“HAINAULT SCYTHE. [Harvesr.] 

HAIR-MANUFACTURES. There is a considerable amount of 
industry bestowed upon human hair and the hair of certain quadrupeds, 
in the production of manufactured articles. Some of their uses depend 
upon the felting properties of a few kinds of hair [Fettinc; Hat 
» pegetesen: ; some upon the great strength of the fibre; and some 
upon the beautiful gloss of which it is susceptible, Human hair and 
horse-hair may be taken as the two chief materials for these manu- 
factures, 


Human Hair.—The hair-trade is a much more important one than 
would usually be supposed. It was stated in the ‘ Quarterly Review’ 
afew years ago (No, 184) that London alone imports more than 100 
ewts. of human hair annually, chiefly for making perukes and false 
curls. The mere clippings would not suffice; there must be a regular 
harvest of hair. A Germati has had the patience to count the 
number of hairs in an average adult female head kerobelly among his 
own countrywomen), and finds it to be 110,000,—the blonde being 
most numerous but finer in substance; the red least numerous 
but coarser, The light hair ae Sa by or for the hair-workers is 
brought mostly from Germany, by a Dutch iene ies whose agents 
periosteal i visit London ; the dark hair more usually comes from 

ce, ene years ago, light golden tresses were much in favour, 
and the German hair a good market; but now French hair is 
more used, Young women in England, who have beautiful tresses, 
are sometimes by poverty to part with them for money to 
the hair-workers; but in France it is a regular system. There are hair 
merchants in Paris, who send agents in the spring of each year into the 
country districts to purchase the tresses of young women, who seek to 
cultivate an annual crop with the same care as a farmer would a field 
crop. The agents frequent fairs and markets; and have with them a 
stock of handkerchiefs, muslins, ribbons, &c., which they give in 
exchange for the hair. So sensitive a barometer is commerce, of slight 
changes in the value of exchangeable goods, that the agents know the 
hair of a particular district to be worth a few sous more per pound 
than that of a district thirty or forty miles away: a fact which 
naturalists would have been long in finding out, It is estimated that 
200,000 Ibs. of hair are purchased at each spring harvest. The price 
we is about five francs per lb, on an ave’ ; but choice specimens 
etch much more. The agents send the to their employers, by 
whom it is dressed.and sorted, and sold to the hair-workers in the 
chief towns at about ten francs per Ib, That which is to be made into 


is often sold for double its weight in silver. “Hoth of the hair 

itself, and of perukes and other articles made of hair, France supplies a 
considerable quantity to England and the United States. 

Besides the making of perukes, false curls, &c., hair-jew , 80 

called, is another of the minor manufactures from human r 

Bracelets, armleta, lockets, brooches, corning and other articles for 

decoration, are made either wholly o' , or of hair in com- 

ion with other materials, No hair-harvest is necessary for a 


being dyed green, crimson, scarlet, &c. conducted 
processes ; pew gman dow ce np Sone Ee dye, and 
these are the ki employed for horsehair cloth. Coloured 
hair-cloth, mostly made at Worcester and Sheffield, and at Paris, is 
extensively used in railway carriages and the saloons of 
as well as in ordinary domestic furniture. In most cases the best. 
cloth only is made of horse-hair, the cheaper kinds being 
cotton, linen, or worsted ; and the brilliancy and permanency 
colours as much on these fibres as on the hair. 
weaving of haircloth, the weaver uses a sort of hook-shuttle, 
he passes between the threads of the warp from right to left 
suena places a single air ores fie end ot Bt Babe Sat ae 
ws it through warp. process is a very tedious 
each hair usually constitutes only one throw thread 
Specimens of, hair-cloth are made for conversion 
hair is also made into ropes, sacks, and bags; one 
made it into muffs. For a cheap kind of stuffing, and 
mortar, cow-hair is much used as a substitute for 
may mention here that horse-hair is im) to the extent of no 
than 20,000 ewt. annually, and that a million yards of horse-hair 


cloth are annually e: 
been introduced as a material for 
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xported, 

A substitute for hair has recently 
ornamental manufactures. Plaits and curls for head-dresses, as lately 
observed, are usually made of human hair; but the substitute consists of 
yet henup cx ax, aloe Aiapceaniale nies Sere The 
when dyed to the requisite colours, is combed or hy 
a glossy surface. To make this into curls, a fixed holder is 
which is inserted a rod slotted at one extremity. 

a tube, slotted at one end and having a pin it 
to the slot 
ea 


4 
: 
a 


Fe 


other, The fibres, in a damp state, are attached 
tube ; and the tube being caused to turn, the threads assum 
form, and are attached to the ends of the pi tube is 
removed from the rod, and a heater i to fix the curl in 
desired form. The curl is subjected to a final glossing and 
There are also abeopis nom beng male tp nopvers the Sound 
a peculiar South American plant into a substitute for horse-hair. 
One peculiar application of hair may be briefly noticed—that 
the hair of rabbits and hares, carried on by the Russians. work 
up the hair into a kind of felt; press or fashion it into bowls, dishes, 


thus 

made have the appearance leather, and 
are irene, t, and durable. 

ae vs COMET. [Comers.] 
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HAMATHIONIC ACID, UxanTatc Actrp.] 
HAMBRO’ BLUE. [Cotourtnc Marrers.] 
HAMMER, POWER, AND STEAM. A reference was 
Foner to the present article. It will not be ryeagees: Big notice the 
hammer as a mere tool ; but its importance as a has become 
such, that a few lines of description are here requisite. 
Power-Hammer.—This name we will give to such hammers as can 
effect than by the mere muscular force of the 


be worked with t 
hammerman, but with the aid of a power other than steam power. 
Such machines are now used in very great variety. Froming’s fe 
hammer, applicable to heavy castings, and also to the 1 of 
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edge tools, files, and knives, may be set to work either by hand, water, 
or steam power; there is a driving shaft which, when once made to 
rotate by a escort of power, effects all the rest, through the medium 
of a heavy -head, guide-rod, cones, and a vertical spring; the 
mechanism is subject to modification, by which both the rapidity and 
the force of the blows can be varied. Hutton’s power-hammer is 
raised by a band, strap, or chain, attached to a drum or pulley on an 
axis: the ends of the axis are connected with cones driven by bands 
from any source of power; when the blow is struck, the momentum 
is made to assist in elevating the hammer again; the axis has an end- 
way as well as a rotary motion, by which one or other of the cones 
be disconnected ; a handle, commanded by the workman, deter- 
pidity of the action of the hammer; and the arrangement 
altogether is such as to render this machine useful for hammering iron 
and steel between pairs of dies. Eassie’s frictional action hammer, for 
small can be worked by any Speer rerclving 
power-shaft, and can be brought up to an activity of a hundred an 
fifty blows per minute, with a very heavy -head. Cotton’s 
air tilt-hammer, worked by any source of er through the interven- 
tion of a shaft, fly-wheel, -loose pulleys, and cones, is provided 
with an air-cylinder, to regulate the force and rapidity of the blow; 
there is a piston-rod in the cylinder, with a piston at the top and the 
hammer at the bottom; and the admission of air into the cylinder is 
i over the action of the 


eset ees Were te apenth's shop, and w ing up to a rapidity of a 
uundred and fifty blows per minute, acts something in the same way 
as Cotton’s. There are many other kinds; but these will suffice as 
illustrations of the whole class. 


of the steam is direct upon the hammer-rod, without the intervention 
of any levers, fly-wheels, or cranks. The steam-cylinder is supported 
vertically, at a considerable height above the anvil. The hammer 


moves up and down in a true vertical plane by sliding in the ves 
of a frame ; it 


a boiler placed at convenient through a pipe connected 
Win Geh evlitcet; 6a there i 0 cote apesdathcid $F vikven, s., *6 
utting off of the steam. As the hammer 
is in all’ cases very ponderous, it will fall heavily by its own weight ; 
but the and force of this fall are susceptible of modification 
by the mode in which steam is admitted to act above or below the 

The self-acting apparatus is the most beautiful part of the 
machine. A workman “Thtly touches a handle, whereupon the 
internal mechanism so modifies itself, that the hammer will 
instant give a blow sufficient to crush a bar of iron, and 
next a ‘tap so light as to crack a nut-shell without crushing 


Very numerous minor improvements in steam hammers have re- 
cently been made by Kirk, Pearce, Eastwood, Naylor, Morrison, Farrot, 
Brown, Condy, Sykes, Wilson, M‘Dowall, Rigby, and other inventors ; 
but these need not be separately noticed. In some instances the 
hammer-block constitutes a sort of ram or plunger working within the 
linder, instead of a mass from a piston-rod; some have 
e hammer, , and piston-rod all cast in one piece, to produce 
firmness in action, and to render the blows more effective; some are 
80 as to increase the fall, or space through which the hammer 
aia \- yaa peers as hag ree oak totes feet ; 
some have the adjusting apparatus so exquisitely arranged, that even 
a child could vary the force between one tise aba the next; some, 
not intended to equal Nasmyth’s in range of application, are made 
simpler and cheaper for certain special kinds of work; some vary 
the power and rapidity of the blow without changing the depth of 
fall, whereas vary their depth likewise; some economicall 
lubricate the hammer-guides by collecting the grease and oil whic 
fall from the stuffing-box; some are so planned that they can be 


employed, as occasion may require, in iron-forging, boiler-rivetting, 
or shing ; some can be worked by com air or by steam 
at ; some have the eylinder placed at the side of the hammer, 


to render less height necessary, and to give more firmness to certain 

Steam hammers are now made of enormous magnitude and power. 
The 50 ewt. ‘Nasmyth, at Portsmouth Dockyard is no longer a 
marvel of mechanical power. A steam hammer of 120 cwt. has been 
set up at the Bowling Iron Works, near Bradford. The shaft and 
erank f for the Great Eastern were made at the Lancefield 
Forge, in Glasgow, by the aid of a 120 cwt. hammer, with 6 feet stroke, 
~ ARTS AND SCI. Div. VOL, Iv. 


Messrs. Morrison, of Newcastle-upon-Tyne, have made a steam hammer 
for the Russian government, in which the weight of the piston and 
piston-rod alone is 100 cwt. besides the weight of the hammer; and 
there is a working space 14 feet in width between the framing of the 
machine. The same engineers have made a steam hammer for the 
Mersey Iron and Steel Company, 21 feet high, 14} feet working space 
between the framework, a piston 36 inches in diameter, a hammer of 
140 ewt., and a total weight of 30 tons. New York possesses a steam 
hammer with a hammer- weighing 150 ewt. It is indeed probable 
that the maximum of size and power has not yet been reached ; if 
greater be required by manufacturers, greater can be produced by 
the machinists. 

HANAPER OFFICE, one of the offices belonging to the Court of 
Chancery. Writs relating to the business of the subject, and their 
returns, were originally kept in a hamper, in hanaperio; and the 
others, relating to matters wherein the Crown was immediately or 
mediately concerned, were preserved in a little sack or bag, in parvé 
bagd ; whence the distinction of the Hanaper Office and Petty Bag 
ea both belonging to the Common-Law and of the Court of 
Cc x 
H -FASTING. [BrTRorHMENT.] 

HANDGLASS is a name given by gardeners to a portable glazed 
cover which they place over certain plants for ont or two purposes ; 
either to screen them from the effects of cold and wet without de- 
priving them of much light, or to maintain around them an atmos- 
phere of uniform humidity. Bellglasses differ from handglasses in no 
respect with regard to the purpose they are intended to serve, but 
instead of being composed of many pieces fastened together, they are 
blown into ishape in a single piece. Glasses of this description are 
principally to assist cuttings of plants in the process of strikiug 
root, or newly-planted individuals in establishing Cianaatees in the 
soil. The rationale of handglasses seems to be this :—when cuttings 
or newly-planted individuals are exposed freely to the atmosphere, they 
part readily with the moisture they contain, in consequence of the 
specific power possessed by light, especially direct solar light, of causing 
perspiration. Under-ordimary circumstances the moisture they part 
with nA lost frais that it cannot be re-absorbed ; and sos 
atmosphere o e ts or cuttings remains dry, perspiration will go 
on till the plant is exhausted or dead. The phe pg a lass is to 
invert this state of things; the moisture raised from the soil by evapo- 
ration, or produced by vegetable perspiration, nécessarily accumulates 
beneath the handglass, the air enclosed by which gradually becomes 
more and more moist, and at last is saturated; this cireumambignt 
humidity is re-absorbed by the leaves, or branches, or soil, and thus 
réstored to the plant which had lost it; in addition to which, per- 
spiration itself necessarily goes on the moré slowly in proportion as the 
air itself is charged with humidity. It may also be presumed that a 
handglass, or any such transparent cover, keeps the temperature in | 
which the plant Veisifibe higher than the external air, and thus stimu- 
lates the languid powers of vegetation. Some handglasses are made 
with either moveable tops, or with a division to open, so as to permit 
the escape of superfluous moisture or to admit air. 

HAND-WRITING, PROOF OF, [Evipence. - 

HANSE TOWNS, called also the Hansa, and the Hanseatic League, 
a celebrated commercial confederacy, which took its name from a now 
antiquated German word, ‘ Hansa,’ signifying an association for mutual 
support,in which sense it is used in two charters granted by king 
John, in 1199, to Dunwich in Norfolk, and to the city of York. The 
cities of Hamburg, Liibeck, and Bremen were in the middle ages the 
depositories of the manufactures of Italy and Germany, imported by © 
sea, with which they supplied the northern countries of Europe in 
exchange for their raw produce. The wealth which they acquired by 
their commerce excited the envy and the rapacity of the princes and 
nobles ; the imposition of new and the augmentation of old tolls were 
great impediments to trade, which was likewise rendered unsafe by 
numerous bariditti and pirates who infested the roads and the neigh- 
bouring seas and rivers. But it is noticeable that while the towns of 
South Germany made this mutual protection almost their sole object, 
those of the north became in a great degree commercial leaguers also. 
It is not possible to fix the precise year of the establishment of the 
Hansa; and indeed it is probable that it was brought about by the 
German merchants who, from different towns, associated abroad. In 
1245 the German merchants in England ordered that no German vessel 
should sail to Lyon, and the order being disobeyed by Rostock, and 
some other Westphalian ports, the merchants of those places were 
expelled from the body, which was in the enjoyment of certain privi- 
leges, until the transgression had been atoned for, Hamburg and 
Liibeck, there is no doubt, were the first towns to enter into an 
avowed union in 1210, to protect the commerce on the Elbe and the 
German Ocean : the two cities engaged to maintain ships and soldiers at 
their joint expense, to clear the road between the Elbe and the Trave, 
and the waters from Hamburg to the ocean, from robbers and pirates ; 
and they further bound themselves to promote their commercial 
interest, and to defend their rights and privileges, The city of 
Brunswick, which was bres be those two cities as 4 staple, joined the 
alliance in 1247; for while I xf was in possession of the trade of the 
Levant and India, a commercial route was opened, through the upper 
Palatinate, Franconia, and to the east of the Harz, by way of Bruns- 

RR 


én HAQUEBUT. 


HARE-LIP, 


wick to Hamburg. Other cities soon followed the example of Bruns- 
wick, and joined the league. The cities were divided into four classes, 
or quarters, the chief cities of which were Liibeck, Cologne, Bruns- 
wick, and Danzig; and the contingent in money, or armed force, 
was fixed for each. Liibeck was at the head of the league, issued 
the summons for the regular assemblies of the deputies of all the 
cities, which were held once in three years at Whitsuntide (the first 
in 1260), and also for the extraordinary assemblies, generally held 
once in ten years, in which they solemnly renewed their league, 
admitted new members, and excluded those that had not observed 
all obligations, compacts, &. Ltibeck also had the common treasury 
and the archives, 

In 1261 they established in London their factory called the Steel- 
yard; but German merchants had been in ion of it, or of an 
adjoining building known as the German Guildhall, for more than a 
century. An inquisition, quoted in Markland’s ‘ History and Survey 
of London, of the 28 Henry IIL’ (1243-4), notices “ the Gildhall of the 
merchants of Cullen” (Cologne), as being in Thames-street, near 
Dowgate. The number of the towns composing the League fluctuated ; 
probably many which were not entirely free were not recognised as 
such by the sovereign in whose dominions they were placed, although 
admitted into the upion. Among the principal towns, however, were 
Bergen in Norway, Berlin, Bremen, wick, Colberg, Cologne, 
Cracow, Danzig, Deventer, Dorpat, Elbing, Frankfort on the Oder, 
Goslar, Géttingen, Groningen, Halberstadt, Halle, Hamburg, Hameln, 
Hanover, Hildesheim, Kénigsberg, Liibeck, Liineburg, eburg, 
Miinster, Nimeguen, Osnabriick, Revel, Riga, Ruremonde, Stade, 
Stettin, Stralsund, Thorn, Venloo, Warberg in Sweden, Wesel, Wish 
in the Isle of Gothland, Wismar, Zutphen, and Zwoll in Guelderlan 
Their four principal factories in foreign countries were at London, 
Bruges, Novgorod, and Bergen. 

This powerful confederacy formed the first systematic plan of com- 
merce known in the middle ages. In its factories a discipline approach- 
ing in rigour that of the monasteries was observed, which even extended 
to the celibacy of factors, clerks, &. The power of the Hansa rose 
daily. The cities enjoyed in England the privilege of exporting goods 
duty-free, and in Denmark of importing duty-free. Their alliance 
was courted and their hostility feared by the greatest powers. The 
Hanseatic League defeated kings Eric and Hakon, in Norway, and 
Waldemar IIL, king of Denmark, in 1348; they deposed Fe mp 
king of Sweden, and gave his crown to his nephew Albert, duke of 
Mecklenburg ; they equipped in 1428 a fleet of 248 ships, with 12,000 
soldiers on board, against Erick, king of Denmark; and the League 
concluded commercial treaties with Denmark, Flanders, and England, 
where Henry III, in 1266, granted them great immunities. But 
when the roads and seas were no longer insecure ; when princes began 
to be sensible of the commercial interest of their own states; and 
above all, when the discovery of America, and the way to India by the 
Cape of Good Hope, gave an entirely new form and direction to com- 
merce, the Hanseatic caste gradually declined. On July 25, 1598, the 
lord mayor of London dispossessed them of the fleet-yard in the name of 
the queen, who had withdrawn their privileges, and at the last general 
assembly at Liibeck, the deputies from the several cities appeared 
merely to declare their secession from the League. Hamburg, 
Libeck, apd Bremen formed an association in 1614, and remained free 
republics till December, 1810, when they were incorporated with the 
French empire, but on the deliverance of Germany in 1813 they were 
again separated from France, and with Frankfort-on-the-Maine are now 
called the free Hanseatic Cities of the Germanic.Confederation. Fora 
particular account of their connection with England, see SteeLyarp. 
There are numerous works treating of this league. In ish, vol. i. 
of Anderson's ‘ Deduction of Trade and Commerce’ may be consulted. 
In German, the most important works on the subject are F. Sartorius's 
‘History of the German Hansa,’ 3 vols., 1802-8, continued by Dr. J. 
M. Lappenberg, 2 vols., 1830-4; ‘ Die Urkundliche Geschichte des 
Hansische § ofes,’ zu London, 1851, containing much interesting 
matter relating to the Steelyard in Thames Street; and Mayer's 
‘ Grosse Conversations Lexicon fiir die gebildeten Stiinde,’ article 
* Hansa,’ contains a detailed history, with much of the internal con- 
stitution of the union. 

HAQUEBUT, [Arums.] 

HARDNESS. A term applied to that condition of the force of 
cohesion in solids where the constituent molecules retain their relative 
position and resist the application of a force which tends to change 
the figure of the body. [Arraacrion.) Hardness is not the same 
wee as density, since many dense bodies are much softer than 
lighter ones, Thus glass is harder than gold or platinum, and pla- 
tinum is harder and denser than gold. Iron and zinc are lighter 
but harder than gold and platinum. Lead is the softest of the 
common metals; but potassium and sodium can be moulded between 
the fingers like putty, | 

Language is quite inadequate to express the various degrees of hard- 
neas in solids. Accordingly the mineralogist resorta to the artifice of 
selecting a number of well-known minerals ag standards of cory n. 
These are arranged in the form of a scale, known as the “ of 
Hardness in which each mineral is harder than the oue which precedes 
it, so that each mineral admits of being scratched or having its particles 
displaced by the one that follows it. 


Scare or Harpness. 


1. Tale. 6. Felspar, any cleavable 
2. Compact gypsum. Mme 
5. Calespar, any cleavable 7. Limpid quartz. 

variety, 8 Topaz. 
4, Fluor-spar, 9. Sapphire, or corundum. 
5. Apatite (crystallised). | 10, Diamond. : 


In determining the hardness of a body, if it neither scratch, nor is 
scratched by fluor , for example, its hardness is said to be 4, but 
if it should scratch > arent and not apatite, its hardness is between 
4and 5. The degrees of hardness are numbered from 1 to 10. 


The readiness with which some of the metals, steel , can be 
varied in hardness by h suddenly cooling, and tem ¥ 


oh peers oe in the — rk, tes oro ss ea 
‘ul in some cases developed e uction of alloys. 
Two stat , copper and tin for example, which are not 
remarkable for either hardness or elasticity, these 

in a high degree 
is called bell-metal. [Bett-Merat.] Hardness is often accom 

by brittleness ; but this may be lessened by heating and slow cooling, 
gene: however at the ex of the hardness. 

HARE-LIP, a malformation in which the lip is divided in one or 
more situations by clefts extending from its towards its 
attachment. It has received this name from the resem i 
bears to the divided upper lip of hares and other gnawing animals, and 
is one of the most common of the malformations by arrest of 
ment. [Monster.] In the embryo, each lip is formed of four pieces 
which project separately from the jaws and unite with each other at 
different periods of feetal life; but if by any circumstance Legace | 
development is checked, they remain permanently in the " 
which they had at the time of its occurrence. hired pine! 
of the lower lip unite long before those of the upper, and fissure of the 


former is so exceedingly rare as to be seldom the subject of treatment. — 


Of the portions of the upper lip, the two middle unite first, and then 
the two lateral to them; hence a fissure in the middle line is more 


rare than one on either or each side. Hare-lip may be single or double; — 


’ 
that is, there may be one or two fissures—the one may be seated in 
the middle line of the lip, or opposite to the union of the two incisors 
with the canine tooth : if there be two, they will be found in the latter 
situation on each side. It may be simple or complicated with fissures 
of the gum or palate, which, developed in an analogous manner, 
may be influenced by the same cause as lips, though being earlier 

ited they are less rarely affected. 

The cure of hare-lip is important, not only for the uncouth 
deformity, but because sucking is prevented in infancy, and in later 
life the speech is affected. It is accomplished by cutting off quite 
smoothly the opposite edges of the fissure in its whole length, and then 
bringing them together and maintaining them in accurate apposition 
till, like the edges of a common wound, they have firmly united, 
For this pu , after fixing the portion of the lip with , each 
etigs of tha ure is to be cut off with a knife, or a pair of 
scissors, taking especial care that the wounded surface should be left of 
the same form and size in each. They are then'to be placed in accurate 
contact by transfixing them with one or two hare-lip pins (according to 
the length of the fissure), and connecting them With silk wound round 


them in the form ofan 8. These pins should be made of silver, with _ 


removeable steel points ; the lowest should be 
thirds of the thickness of the 
taking care that it penetrates to 
the bape of one should 

pin should be passed 


passed through full two- 
lip, just above its deca = border, 

(be axes depth in each portion, lest 

ject beyond that of the other. The next 
way between the lower edge of the lip and 
the nostril, and the rem should be closed with a suture 
or with sticking plaster, The intervening portions of the lip are now 
to be comp the silk wound about the Ties, and additional 
security is afforded by placing a Log! ker on cheek, and there 
bandaging it firmly, so as to prevent the muscles of the lips from con- 
tracting and separating the cut . After the opeeiiton the part 
should be kept perfectly uiet and cool; in four or six Heid the pins 
and other dressings may be removed, and the edges of the wow 
which ought to be completely united, will now need only to be 
by sti -plaster. 

When: fissure is double, it is generally advisable to operate first 
on one side, and when that is completely healed, on the other; but in 
some cases the whole may be done at orice, by cu off both 
of the middle and each of the lateral ones, and tran the whole 
by the same pins and sutures. In those cases in which a of the 
jaw-bone projects much, it may be sufficient to draw the teeth from it, 
and then the lip may be stretched to unite over it; but often it will 
be necessary to remove it by cutting-forceps, or to depress it by long- 
continued pressure. In all cases it must be remem , that however 
wide the fissures may be, there is no loss of substance in the lip; its 
edges are drawn asunder by the muscles on each side, just as are those 
of a cut made in a healthy lip(which may indeed require the very same 
treatment), 

The best authorities seem now agreed that after six or eight weeks, 
the earlier this operation is ed on the infant the better, only 
avoiding the period of dentition ; for besides that very young children 


possess 
when cotnbined in certain proportions, forming what 
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are likely to be quiet and asleep all day, and that the healing 
processes are then very active, it has the great advantage of enabling 
them to resort at once to their natural food by restoring the power of 


sucking. 

HARLEIAN COLLECTION. [Brrrish MusEv.] eas: 

HARMALINE (C,,H,,N,0,) and Harmine (C,,H,,N,O,) are alka- 
loids occurring in the seeds of Peganum Hi They are united 
with phosphoric acid. Harmaline forms yellow salts with the acids, 
and is transformed into a red matter by oxidising agents. The harmala 
red of commerce is the powder of the seeds. It is used in dyeing red, 
rose-colour, and pink. It is used in large quantities in Russia. 
Harmaline yields a number of substitution products, such as nitro- 
harmaline, eyanoharmaline, &. Harmine forms colourless neutral salts 
which crystallise in long delicate prisms. Harmaline is converted into 

HARMINE. [Hanmactyz.] 

HARMONIC PROPORTION. The reciprocals of numbers which 
are in arithmetical proportion are themselves said to be in harmonic 
ab ak ia bee. 1 


5 Rage & 
a’ ath’ at+2b° Sie 


is a series in harmonic progression. : 
A line aB is said to be harmonically divided when two points, 
A c B D 
| NCR J 


¢ and D, one within it and one on its continuation, are so placed that 
AC is tocB as AD to ps. In this construction, cp is an harmonic 
mean between AD and BD, or AD, CD, and BD, are as the reciprocals 
of terms in arithmetical proportion. 

HARMONICA, also written Armontca (from the Greek word for 


a number of glasses on an iron rod by means of a perforation in the 
The glasses partly fitted into each other without 
touching, and were tuned by grinding, in this way three complete 
. The rod was then fixed in a box, 
set in motion the tones were brought out by applying a 
to the surfaces of the glasses, To distinguish the 
notes the more readily, the glasses were inside; each semitone 


colours. Franklin describes the tones produced as being superior in 
mellifluous sweetness to anything he had ever heard before. The 
arrangement, however, was objectionable on account of its being liable 
to get out of order, so that the subsequent contrivers of musical glasses 
have resorted to the original method, which we may here state is 
nearly 200 years older than Franklin supposed, as may be seen in 
Harsdirffern's ‘Mathematische und Philosophische Erquickstunden,’ 
Zweiter Theil, Nuremberg, 1651. This work is a sort of elaborate 
“ Endless Amusements,” and contains a good deal that is really curious 
and useful, in some cases forestalling modern inventions, which have 


house, and ing the glasses likely to suit, as to size, on a table, to 
( th i ald the note be represented 
vv mpathy, The reader 


article on musical glasses—their modes of vibration and acoustic 


properties. 

HARMONICS. (Acousties.) By the harmonies of a musical note 
are meant all those other notes in which the number of vibrations per 
seebnd are twice, three times, four times, or any multiple of, the 
number of vibrations which produce the note in question, Thus the 
harmonies of a note which is sounded by 200 vibrations per second are 
those notes which require 400, 600, 800, &c., vibrations per second. 
The following explanation will be assisted by reference to Acoustics 
and TeMrgRaMENT. It presumes the reader to be aequainted with the 
fundamental mathematical laws of the seale. The harmonics of a note 
are infinite in number, theoretically speaking, and proceed by less and 
less intervals. And since every note may be considered as identical 
with any of its octaves, every harmonic has a corresponding note in 


any given octave. Denoting any key-note by c, and the octave above 
it by c’, there is no possible sound between c and ce’ which is not 
theoretically either an harmonic of ©, or as near to one as we please 
(which is equivalent to the mathematical proposition that a whole 
number, divided by a whole power of 2, may be made as near as we 
please to any given number or fraction). 

But, in practice; not only is it impossible to produce any number of 

ics we please, that is, to maintain in vibration any aliquot part 
we please of a string or column of air, but even among the harmonics 
which we can produce we find a limit to the number of those distinct 
harmonics which deserve the name, etymologically considered. Some 
few of the first harmonics are melodious sounds, considered in relation 
to the key-note, but others are discordant, and find no place in the 
scale according to any system of temperament. We shall therefore, 
taking a given note, say ¢, simply mention the most important 
harmonies, and reduee them to their proper places between ¢ and o’. 

Let @ be the number of vibrations per second which produce ¢; 
then 2a is well known to produce o’, so that the first harmonic of a 
note is its octave. The next has 3a vibrations, answering to a’; so 
that the twelfth, or octave of the fifth, is the second harmonic. The 
third has 4@ vibrations, and answers to co", the octave of the octave. 
The fourth harmonic has 5a vibrations, and gives &”, the double octave 
above the third, in the untempered diatonic seale. The fifth harmonic, 
with 6a vibrations, gives ¢’, the octave of a’ the second harmonic. In 
general, every harmonic whose vibrations are an even multiple of those 
in the key-note, is an octave to a i ic, and presents no 
new character. The sixth harmonic, having 7a vibrations, is an 
imperfect (being too flat) double octave to the flat seventh above the 
key-note, or B flat. This last note, in the common mode of tempering, 
makes 1°77a vibrations per second; whereas the same note derived 
from the harmonic makes 1°75a vibrations. The eighth harmonic, 
with 9@ vibrations, is correctly p’”, or three octaves above the 
untempered major second. The tenth, with lla vibrations, is a little 
too sharp for Pr”, lla instead of 103¢. The twelfth, with 13a 
vibrations, is a little too flat for ”’, being 13a instead of 13}a. Pf 

The preceding summation is useful, as giving an account of the 
seale of all those musical instruments which consist of one unaltered 
pipe. These are the bugle, the French horn, the trumpet, and (but 
for its slide) the trombone; in all of which (except the last) no note 
can be produced except a harmonic of the fundamental note of the 
whole tube. Calling the fundamental note c (which however is not 
very easily sounded), the ordi seale of these instruments is— 

_ ec Go” PB @” (B" flat) co” Dd” ¥” PF” @” 4”, in which B” flat is 
too flat, »”” is too sharp, and a’” too flat. A short pipe however will 
not produce many harmonies; the bugle goes no further than a”, at 
least with common lips. Various contrivances have been introduced 
to extend and correet this scale ; the keyed bugle, the use of the hand 
in the Freneh horn, the pistons sometimes applied to the same instru- 
ment, and the short slide of the trumpet, to say nothing of the slide 
which is the principal distinction of the trombone, will suggest them- 
selves to all who are acquainted with musical instruments. It will 
be seen under Horw that Mr. Sax has added other contrivances for 
the extension of the scale. In other instruments harmonics are much 
used, particularly in those of the violin class, and in the flute. The 
performance of Paganini upon a single string, which many years ago 

great sensation among violin players, arose from an extraordinary 
power in producing harmonics. In the flute c’” may be attained with- 
out much practice, as an harmonic of the fundamental note of the 
instrument; and we have heard of players who could produce p’” and 
even &”” in the same way. On the long strings of a piano-forte, as the 
fundamental note subsides, a’, o”, and r” may be perceived; and we 
have heard, among the vaulted roofs of a cathedral, several of the 
harmonies of the notes sounded in chanting. For further information 
see the references in Acoustics. 

HARMONIUM. This is one of a numerous family of instruments 
which owe their origin to the invention, or rather the revival, of the 
free reed. There are many claimants to this invention; but, as stated 
under AccorpIon, the Chinese were acquainted with it before its intro- 
duction into Europe, and the Chinese organ and the musical trumpet 
depended for their effects upon vibrating tongues of metal. The 
French, who are often as happy in re-inventing the inventions of other 
nations as they are undoubtedly clever in their own, claim the free 
reed; and so respectable an authority as M. Biot (‘ Précis élémentaire 
de Physique expérimentale,’ Paris, 1817, tome i., p. 386, fig. 50) assigns 
the invention to M. Grenié, “habile amateur de musique.” Biot says, 
in his usual perspicuous manner, “ La languette est une lame de laiton 
parfaitement plane, et coupée en forme de rectangle, de maniére d 
remplis exactement, ou plutédt presque exactement la face évidée de Ia 
rigole.” This was. in the year 1810; and two instruments were con- 
structed, one of which was sent to the Conservatoire des Arts. In 
1827 three free reed stops were introduced into the organ at Beauvais 
Cathedral, and in 1829 M. Sebastian Erard introduced a free reed stop 
into an organ built by him for the Tuileries. After this, the free reed 
gave rise to a number of new instruments, such as the accordion, 

heatstone’s wolina, the predecessor of that exquisite little instrument 
the Concertiva. Many attempts were made to improve the accordion 
by enlarging and completing its seale, so that it naturally assumed the 
form of an organ in which a free reed stop took the place of pipes 
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[Orcay}, and it was furnished with bellows worked by the foot. Such 
was the seraphine. Varieties of this instrument appeared under such 
frightful as @oloph , @olomusicon, poikilorgue ; 
also the melodii ymphonium, the harmonium, the folding har- 
monium, or orgue de woyage, which brings us to the subject of this 
article, in which all we can pretend to do is to give some idea of the 
mechanism by which the well-known musical effects are produced, 
referring the reader to his own good taste, ur to that of his musical 
friends, in the selection of an instrument among the different clever 
makers who are warmly competing for public favour, To give a 
complete account of its mechanism, and the variations adopted by 
different makers, would require a volume. 

It will be understood that the free reed differs from the beating reed 
in the reed-pipe of an organ in this,—that in the latter case a thin 
tongue of brass is made to beat on the flattened side of a tube, so as to 
cover and uncover alternately a slit through which the air passes into 
the pipe above. In this case the prencecaripe wingastn ety me || 
but in the case of the free reed, the tongue is a little smaller than the 

ing,so that when a current of air is projected against it, the tongue 
yields so as to let it pass; but its elasticity forces it back into the 
opening, and its momentum carries it to am equal distance on the other 
side. In this way, so long as the current of air is maintained, vibrations 
are established, and a series of pulsations produced in the air which, 
if sufficiently rapid, will produce a musical tone. [Acovustics.] The 
vibrations of the reed depend for their rapidity on the thickness of the 
tongue at the free end in proportion to its length: if thick at the free 
end and thin at the fixed, the vibrations will be comparatively slow 
and the resulting note deep ; if the tongue be thin at the free end and 
thick at the fixed, a higher note will be the result. The reed is tuned 
by scraping off a small quantity of the metal at the free or at the fixed 
end, as the case may be. 

The accompanying figures represent the free reed as used in the 
harmonium ; 1 is the brass frame containing the slit ; 2 shows the reed 
in its frame and the method of fasten- 
1 a ing; and 3 its position in the instru- 

Veh! | Mbarara <)))\ ment, the reed being a little below the 

slit when not in motion. This 
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= a i reed also a superior 
7 power of expression, and any given 
note, while preserving the same pitch, may be made loud or soft by vary- 


ing the pressure of the wind ; the greater the pressure, the larger the are’ 


of vibration, and, consequently, the louder the note. The ents 
in the harmonium for varying the pressure of the wind, Mice of 
cr do and diminuendo effects being produced. There are also means 
for altering the quality of the notes, while preserving the same pitch, 
thus giving the varied effects of the organ with the portability of the 

o-forte. Variation in quality is produced by making the reeds differ 
in size and shape. 

The accompanying figure, which we copy from Mr. Allen’s pamphlet 
on the construction of the harmonium, will show the principal parts of 
the instrument. The notes are produced by wind which is furnished 
by means of bellows, worked by the foot, and forced through the valve 
M into the air-chest £, and thence through the cavities a a, in which 


the reeds are placed. These cavities occupy the whole width of the 
instrument, and are ——— by partitions aa, BB are the reeds, of 
which there is a complete row or stop in each channel; g is one of the 
long or white keys, the further end oF which forms a valve which closes 
, two of the cavities, and is kept in its position by the spring x. Under 
and near the front end of the key is a lever, 1, which covers two other 
cavities in the wind-chest, and is also held in position by a spring K. 
Thus it will be seen that the effect of pressing down any one of the 
keys is to open all four cavities; but whether the tongues in all of 
them be set vibrating or not, depends upon what stops are drawn out 
in front of the instrument. Connected with these stops are four steel 
rollers, ¥ ¥, which open the valves pp, and thus admit air from the 
chamber & into the cavity , and thence through the slit into c, and so 


pressi 
into its place 
ed in. 


The wind then being admitted through the slit from « into c, the 
tongue is made to vibrate, but it does so at first in a weak and in- 
efficient manner, and time must be allowed for it to vibrate fully and 
freely. This is of course a serious defect in a musical instrument, a 
defect which in the case of the harmonium is overcome by what is 
called the percussion action in which the moment the key is 
down, a small hammer rises, strikes the reed, sets it in full 
which is then continued by the escaping wind. On pressing down the 
key, a button, L, on its under side, presses down a lever 1, and this in 
its turn, forces down the hopper F, which sets the hammer in motion, 
as shown in the figure. The best harmoniums usually contain twelve 
stops or draw-knobs, the first of which, cor Anglais (bass), and flute 
ern is the principal stop. No, 2, bourdon (bass), and clarionet 
(treble), is tuned an octave lower than No. 1; No. 3, clairon 
and jifre (treble), is tuned an octave higher than No.1. No. 4, 
(bass), and hautbois (treble), is tuned in unison with No.1. When 
these four stops are used together, the power is very great, In 
Chappell’s instruments the draw-knobs marked forte, communicate 
with slides which open apertures directly over the reeds, and thus 
increase the power. By drawing out the knob grand jeu, all the ~~ 
are opened at once, and great power produced. By drawing out 
expression stop, there is an arrangement by which the power of any 
given note may be increased by pressing more forcibly on the foot- 
, and in some instruments there is a draw-knob, marked éxpres- 
sion @ la main, by drawing out which the power of a note may be 
increased simply by pressing strongly upon the key. There is also the 
sourdine, and the celesti, for modifying the tone of certain stops, 

The harmoniums best known in England are manufactured by 
Alexandre and Debain, of Paris, the latter maker ing to be the 
original maker of the French instrument. In 1841, however, Mr. Evans 
of Cheltenham Bei td ot milan, Tie ince , with two claviers,and 
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makers, His object was to overcome the nasal and harsh tones, slow 
articulation, and other bad qualities of the instruments then in 
use; and he has succeeded in ee hae eee 
diapason quality, and t rapidity of speech without any 
power. He ioacalen B en Ho wind indicator for removing the 
difficulties usually felt in the management of the bellows. He has 
also patented a simple action by which is produced the c cco (32 foot 
note) with instant h; this is an octaye lower than has ever been 
attained by the French instruments, 

The means by which the percussion action is got rid of, and a similar 
effect produced of making the reed or tongue vibrate simultaneously 
with the depression of the keys or pedals, consists in having a toothed 
projection attached to a rod or connecting piece, which is moved by 
the lever extending from the keys; and the projection is so arranged 


J 


the toothed og sep comes in contact with another projection, 
e end of the or reed, and as the 
, it passes the tongue freely, sets it in motion, and it 
tly speak. The counter motion for restoring the key or pedal to 
its ordinary position is a spring or a weight attached to the connecting 
rod, or the connecting rod may be attached to a pedal or other pro- 
jection acted on by the feet. The above figure is a side section of the 
mechanism at rest: a is the projection attached to the free end of the 
reed ; in small reeds for the notes this projection may be simp 
a protruding piece of bristle. 8B is a lever or jack, containing a mortice, 
in which is a smaller lever furnished with a Ne ee, o*, this 
smaller lever moving on a centre the bearings of which are in B. p is 
the spring for keeping the smaller lever in position. For pedal action 
the reeds are vertically, and a lever is attached to the end of 
the with a connecting rod to the end of the jack and 
of the lever, so that when the Jock is p ed down it may strike the 
projection the reverse way to that above described. The arrangement 
is, of course, applicable to concertinas, 
This action is legato, not staccato, like the ion, and is there- 
fore peculiarly adapted to pedal-playing. 


e toothed projection at _ 
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617 HARMONY. 
‘the end of the vibrator is required in so short a tongue to produce the 
depth of tone. 


HARMONY (in Music), musical sounds simultaneously produced 
according to certain rules, forming a chord, or a succession of chords. 
on pee harmony, namely the triad, or common chord, is the 
result of the vibration of all sonorous bodies, and the foundation on 
which much artificial harmony is built. Under the word Cuorp the 
reader will find this matter further explained. M. Catel, a modern 
French theorist of great authority, has divided harmony into natural 
and artificial, including in the former all chords not requiring pre- 


dissonance, in the same category as the triad, or the chord of nature, 
which of course cannot be admitted. It is true that the chord of the 
seventh requires no preparation—that is, the dissonant note need not 
be heard as a concord in the immediately preceding chord [Discorp]; 
nevertheless this privilege cannot make natural that which is essentially 


Harmony and Counterpoint are now practically considered as synony- 
" mous terms, and for some rules ing the latter, as well as for 
examples, we refer to that word, [CounTerpornr.] To what has 
been said under the head Cuorp, we also again call attention. Chords 

the in which harmony expresses itself, and the laws by 
hich the one is regulate the other also. Besides the rules 
ooo th pesaemmeinag heads in this work, we here add the few 
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1. No two perfect concords, namely two 5ths or two Sths, are 
allowed to succeed each other in the same progression, but are per- 
mitted in contrary motion; that is, when the one rises and the other 
falls, Examples :— 


os t =r 


2. Most discords require to be prepared, and all must be resolved ; 
_that is, the dissonant note is to be first heard as a concord, and after 
percussion, or being sounded, must pass into a concord, generally by 


ing a tone or semitone. But sometimes the resolution is brought 
the 


base, as in the instance of the discord of the 2nd. 


3. It is in the nature of sharpened intervals to rise, and of flattened 
ones to fall; but extreme sharp intervals almost invariably must rise, 
and extreme flat ones as invariably must fall. Example :— 
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appearances to that which practically ing, one an e 
same note; though, theoretically, a sharp and B flat 


are different 


separated, in a manner as nearly equal as possible; thus a more perfect 
cieangieg Se AANA Us a patow bartaany uced, But with a 
view to some i effect, a very different distribution of the parts 
is occasionally made. 


5, As a general rule, every composition, whatever its kind, is to 

in its key; but as regards the termination, the rule is 

ioe: exception, a2 peremptory : though sometimes the third is 
, from minor to major. 

To enter fully into the subject of harmony would be to give a 
treatise on musical composition, The symbols of harmony—or certain 
figures,some written,some implied—will be explained under Tuorouau- 
Base, an te and unmeaning term, but so firmly fixed that it 
could not now be for a better, For the accompaniment of 
the scale—La Ragle de U' Octave, as the French call it—a very important 

. study when properly carried out, see ACCOMPANIMENT. 
That the term harmony was not used in the same sense by the 


ancients as by the moderns, seems now to be generally admitted, but 
admitted without at all affecting the long-disputed and, we believe, 
undecidable question, as to the knowledge of counterpoint possessed 
by the Greeks and Romans, or compromising any opinion delivered or 
entertained on that obscure and perplexing subject. By Harménia 
(Gpuovia) the Greeks meant simply to express the proper relationship 
of one sound to another, the pleasing agreement of intervals in a 
melody, and nothing beyond. Though, however, they employed the 
word harmony in a very different sense from that given to it in later 
ages, it does not thence necessarily follow that they were ignorant of 
the high branch of the science to which we apply the term. That they 
played and sung in octaves is undeniable; and it is almost equally 
certain that they occasionally used simultaneous thirds, instrumentally 
and vocally. It seems unlikely, then, that so active, so ingenious, and 
musical a people, furnished with an abundance of many-stringed lyres, 
of double flutes, as well as other instruments, should not have dis- 
covered, even by mere accidént, something of harmony, and have been 
led to investigate its nature and cultivate its practice. But on the 
other hand, if they were acquainted with the effect of combined sounds, 
and, as a sure consequence, had converted their knowledge to some 
useful purpose, they would almost certainly have left, among the 
numerous disquisitions and lengthened conversations on the subject of 
music which have reached us, some undeniable evidence of so im- 
portant a fact. 

HARP (heanp, hearp, Saxon), a musical instrument which, under 
different forms and denominations, may be traced to the remotest 
ages. According to Holy Writ, Jubal, seventh only in descent from 
Adam, was its inventor; he “ was the father of all such as handle the 
harp and organ,” as Moses tells us, Notwithstanding the wonders 
related of Amphion’s lyre, or harp, we are compelled to believe, judging 
from re. tations in sculpture and on coins, that the Greeks them- 
selves did not so much improve the instrument as their writings would 
lead us to conjecture. F seg tg now seems to be vhigh doubt that 
the Egyptians brought the to a comparatively high degree of 

‘ection : the fresco painting discovered by Bruce near the ruins of 

bes, which he thinks was executed by order of Sesostris, who 
reigned between fourteen and fifteen hundred years before the Christian 
era, exhibits a harp so much resembling that of the present day, in 
form, di i and ornament, that it might, upon a hasty in- 
spection, be mistaken for one of modern manufacture. He describes 
it as wanting the pillar, an omission, most likely, of the painter. “The 
back part,” he says, “is the sounding-board, composed of four thin 
pieces of wood, joined together in form of a cone, that is, growing wider 
towards the bottom....... Besides that the principles on which 
the harp is constructed are rational and ingenious, the ornamental 
parts are likewise executed in the best manner. The bottom and sides 
of the frame seem to be veneered, or inlaid, probably with ivory, 
tortoise-shell, and mother-of-pearl, the ordinary produce of the salah. 
bouring seas and deserts, It would be now impossible to finish an 
instrument with more taste and elegance.” This account, among 
others by the same, was at first received with sume suspicion; but 
later travellers in Egypt, among whom,is Denon, haye vindicated 
Bruce and confirmed ee statements. Rosellini too, one of the best 
authorities, in his work, ‘I Monumenti dell’ Egitto,’ &., Pisa, 1832, 
has given coloured engravings of harps corresponding in nearly all 
respects with the instrument designed and described by Bruce, thus 
proving the great superiority of the Egyptian harp over every instru- 
ment of the kind known to have been in use among the Greeks or 


mans, 

Many learned persons, observes M, Ginguené, are of opinion that the - 
Europeans are not indebted to the Egyptians for the hae, notwith- 
standing the resemblance of the instruments used by both the former 
and the latter ; they believe that it originated in the north, that it was 
introduced into England, and subsequently into Ireland, by the Saxons 
and other piratical hordes from the Baltic. Martianus Capella found 
it among northern tribes which overran the Roman empire in the 
fifth century. Jones, the Welsh bard, claims for his country the 
possession of a harp of twenty-six diatonic notes, so early as the 
beginning of the sixth century, and moreover adds that musical com- 
pane ing the validity of his claim were extant in his time. 

at es ety Png ty — the statement. The Irish were well 
acquain i mm a very early period, and it appears 
probable that of the Egyptian kind were known in Ire! long 
before our era. In Bunting’s ‘ Historical and Critical Dissertation on 
the Harp’ is an engraving and description of an ancient Irish one still 
in being, though in an imperfect state. It had in a row forty-five 
strings, and an additional seven in the centre, as unisons, Its form 
is not unlike that of the modern instrument, but the pillar is curved 
outwards, and in point of workmanship the whole is remarkable “ both 
for the elegance of its crowded ornaments and for the general execution 
of those parts on which the correctness of a musical instrument 
depends.” Its height is 3 feet 10 inches, and the longest string is 
3 feet 4 inches, 

The Welsh triple-stringed of the present day extends from G an 
octave below the first line in the base, to @ or a in altissimo on the 
right side; and from @, the first line in the base, to the same upper 
notes on the left hand; the middle row consists of the semitones of 
the outward rows, Hence, if the outside rows be tuned in the diatonic 
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The gs asa secenal ssobel Ipsieutionhy may he said to date its 
<i cant regalo pedals were added to it. With these it 
ible to modulate into all keys, and to execute any music suited 
to keyed-instruments. We are indebted for the present improved and 
nearly perfect state of the harp to the late M. Sebastian Erard, who, in 
1794, ne ncaa er by a dre seven that rendered the 
chromatic — ingens a single-action- 
on the 
ced his. double-action harp, the of which have two actions. 
is last is tuned in the key of c flat. By fixing the pedals in the first 
groove the instrument is at once transposed into ¢ natural; and by 
fixing them in the second groove it is another semitone 
higher, into the key of o . The compass of the harp thus 
improved is from double 8 below the base to B in altissimo ; or— 
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But though the harp in this highly improved rip ow ma; 
the performance of any music written for 
executing compositions in which there is densa aan modulati 
difficulty is of an extreme kind, and indeed a raps eo 
devoting more time to practice than ought to be bestowed on an 
accom it, however elegant and fascinating. 
In the construction of the harp there are many ingenious mechanical 
—— which would repay the study of persons fond of such 
: there is also poe skilful workmanship required. The 
er of Erard is still one of power in connection with this instrument. 
At the Great Exhibition of 1851, Mr. P. Erard received the Council 
Medal for his pianofortes, and on + secount of the great merits of his 
pened the jury included them in the award.” Messrs. B. Jones are 


mentioned for an improved triple strung Welsh harp, and 
2 Spanard named Gallegos rome. a a prize medal for an ingenious 


be used for 
A Sey in 


of harp-guitar. 

HARPSICHORD (originally, and with some reason, written Hanpei- 
con), a keyed musical instrument, in form the same as the grand piano- 
forte, but smaller, strung with steel and brass wires, two to each note, 
which were struck by jacks armed with small pieces of quill, acting as 
plectrums, and thus made to render a brilliant but somewhat harsh 
sound, wholly unlike that produced by the hammers of the piano-forte, 
The compass of the harpsichord did not at first exceed three octaves, 
but by degrees was extended to five, from double F below the base to 
F in altissimo : or— 
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All harpsichords had stops, which increased or diminished the string 
power : they also were generally furnished with a swell, or a means of 
opening and closing the lid: and many were supplied with two rows 
of keys, the w acting on a separate set of strings, which gave a 
very soft sound, intended as an imitation of a muted violin, &c. 

The period at which the harpsichord was invented is quite uncertain. 
It is not absurd to surmise that the speedily suggested some 
instrument of the keyed kind, in which strings were substituted for 
Pipes, but of that under notice there are no traces before the 15th 

. Indeed we find no intimation of the harpsichord having 
toon introduced into England till the early a of the fale 17th piien 
and in less than two hundred years it had fallen into disuse in this, as 
well, we believe, as in every other, country. In 1838, Mr. Moscheles, 
wishing at his Soirées Musicales to orm some of the lessons of 
Scarlatti, Handel, and Seb. Bach on the instrument for which they 
were written, had great difficulty in finding, in the vast of London, 


a harpsichord to enable him to accomplish his pu veral other 
cinget instruments struck by plectra, were, with the harpsi- 
, Bu by the superior action of the FORTE, 


HARQUEBUS. [Anms. 
a (C,,H,0,). A white erystalline resin extracted from 


HARTITE. A resinous matter very similar to hatchetin. 

HARTSHORN, SPIRIT OF. [AxMonta.] 

HARTSHORN, the horn of the Cervus Elaphus, the hart, or common 
atag [Dern], which has a place in the p because it contains 
less earthy matter, and more quating, than other bones, It is kept in 
the form of shavings, of which a sufficient q boiled in water 
yields a jelly suitable to convalescents, which may be favoured with 
lemon-juice or wine, &c ; but there is no proof it is superior to 
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Haruspicina, was 

peers it 10 ald Melero ian Dee hepa aah 
iii, 23.) The Romans used to send their to 
Etruria in order to be is art (Niebubr), or as others 
read the passage (Cic. ‘ Div.’ iri) couse a ner af oung 
belonging to Roman families to be so instructed ; Etrurian haru- 
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A . pr yt ] They were formed 
into a co or corporation at Rome, of w! was 
; fama ” or eon Publicus.” Their art fell into 


x could meet another without laughing. (Cic., ‘ Div.’ ii, 24.) 
ieee mires oe 
directions a decree of the senate was passed for that 
‘Ann.’ xi. 15); but it probably produced little effect. 


HARVEST is a most important period to the husbandman. When 
by his skill and industry the pre pe been well prepared to receive 


the seed, and every circumstance has 


and ripening of his crops, he may be deprived of a great portion of 
ies soliiar ia Doma eae iste os: ‘shenlive Socal 


of the usual changes at particul: 
influence in any 


forms the chief fodder of horses and cattle. In these regions the 
harvest is a continual feast ; no ungenial weather Soaps the bee: 
of the husbandman. But’ in northern climates, where the 

later, and cold rains and storms are frequent i earn 
often taxed to save the corn from being ae Se ae it 
been severed from the ground ; Py barns are erected to secure it in 
the straw, till it can be threshed ; the joy of aaron foxcnaely 
interrupted by the anxiety which is the consequence of sudden 

of weather, 

To lessen the casualties of harvest in a moist climate, the ex, 
husbandman endeayours to arrange the time of sowing eac! Lindl of 
grain, 80 as to ensure their coming to maturity in a regular succes- 
sion. Thus he has more time to attend to the 
which experience has taught him the u 
harvest is longer, there is danger of all 
a wet season, 

pid creoom Fa custom through the whole of the north of pe 
to store all the corn 


roof, all danger was . 
lands by an system 
corn in the open air, and 
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the ripe straw. It was thought also that the seeds of weeds were thus | the price is less or greater. Many thousands of Irishmen still come 
prevented from mixing with the grain in the , and giving over to England and Scotland in the time of harvest, and are of great 
more trouble in the winnowing. The usual prohibition against se use in finishi it in a short time. 

any straw also made the farmers less careful to secure the whole. The| The processes of harvesting the several grain and root crops are 
stubble was mown after harvest, and formed into walls, called in | described in detail under their respective names. The above remarks 
some places haulm-walls, round the yards where the cattle were fed in apply generally to the cereal grains. The period of ripeness at which 
winter, for the double purpose of fodder and shelter, But it is evident each should be cut is important, as affecting the ultimate quality of 
that this practice is defective; there can never be too much straw to | the sample. The last process of ripening seems to consist in the 
be converted into manure by the dung and urine of cattle, and what is growth of the outer skin of the seed, which is the bran of the miller. 
left as stubble is much wasted before it is mown and carried into the early cutting of wheat is important, as hindering an excessive 
yard. The seeds of noxious plants remain on the land, ary 8 So this bran. Oats need to be cut early, as, if ripe, a great 
would be much more effectually destroyed if they were stacked eal of the grain is lost in windy weather. Barley, which for malting 
the corn. ‘The subsequent separation of them is a very trifling purposes needs to be all of one ripeness, is secured in that con. 
additional labour where a winnowing-machitie is in use. ° It may | dition by allowing it all to become dead ripe, which is indicated by 
therefore be admitted as a general rule in reaping, to cut the straw the downward pointing of the ear. Beans and peas are better cut 
as-near to the ground as possible; this, if done hand, is best done | before becoming dead ripe, as their straw is then. more valuable for 
by an instrument called a cradle scythe, which mows the straw, and fodder. ; 

collects it so as to be readily gathered into sheaves, HAT MANUFACTURE Hats are made of wool, fur, silk, straw, 

The Hainault e has @ very short handle, and is used with one and many other substances. The material chiefly used in makin 

hand, while the collects the straw into a sheaf by means of a| straw hats is wheat-straw plaited in strips and sewed together in the 
large hook at the end of a wooden rod. It is a most useful instro- a form, in the manner described in Srraw Piarr Manuracrure, 
ment, and ly to the fagging-hook in use in Middlesex Silk hats are composed of a form made of chip, stiffened cotton, or 
and the Revalng Sounthe tae straw is valuable and sells at a felt, and covered with woven silk plush or shag, fashioned to the 
high price. It cuts more straw at each stroke, and is less fatiguing required shape and drawn over the form. There are three descriptions 
to the reaper, because his position is nearly upright when he uses it. | or qualities of hats made of wool, namely, beaver-hats, plait-hats, and 
In many places it is not usual to tie up any corn into sheaves, | felt-hats. Each of these has the body composed of felt: the first has 


Hats. The curious art of felting is believed to have been 
brought to Western age by the Crusaders, who found the tents of 


employed for freeing cotton from its seeds. Corron.] The two 

te together until 
they are intimately mixed; after which the mass is spread evenly, 
covered with an oil-cloth, and pressed, first gently and afterwards more 
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Fig. 1.—Fibre of beaver-fur magnified, 


A very loose and imperfect felt is thus produced, by reason of that 
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smooth and even. This contrivance is intended to prevent the rats 

from lodging in the stack, and it is very effective, A frame made 

iron columns, has lately been | for 

ly taken to and put together again 

when it is wanted. The advantage o it is, that it is cheaper and 
more 


of thick leather, lay the felt on the margin of the boiler, and then 
easily moved than any other; and it is very convenient for a 
y 


proceed to sprinkle it with the hot liquor and to work it about with 


is then dipped into the boiler and worked, first with the hands, and 
next by the help of a rolling-pin, which admits of more force being 
used ; and aoe is continued until the felt no longer contracts, 


found that the cap, by the continued influence of heat, moisture, pres- 
sure, and friction, has been reduced to one-half its former dimensions, 
but doubled in thickness, 

The next process is that of stiffening. The substance em loyed for 
this purpose is a varnish composed of several gums an resins, a 
solution of which is orelied by means of a brush to one side, and 
sometimes to both sides of the felt, After this it is stoved, by 
which the whole substance becomes duly impregnated with the resin, 

We have now to attend to the outer covering or glossy surface. To 
form the nap of a hat, one-half or three-fourths of an ounce of beaver, 
and some other less costly fur, are required, The fur has previously 


: tone tik the 
field ; and the farmer was amply repaid the ex which the feast 
occasioned. The stimulus of strong beer is stil ny at harvest, 
wecraquently to such a degree as to defeat its own ject. In some 

labourers have a certain sum in addition to food to finish 
w it is a longer or shorter time. In others they 
have the usual weekly wages, an a gratuity at the end, with plenty of 
beer so long as it lasts : accordingly as Inbourers are abundant or dob, 
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been carefull pared. It is cut from the or skin by a beautiful 
Tathiew ebvased te in Bee meenee been le ¥ F- 
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Fig. 2.—Fur shearing machine, 


after which it is sorted by the machine shown in jig. 8, described in 
the same article, When ready, the fur is bowed and imperfectly felted 


Fig. 3.—Fur separating machine, 
in the manner already described, and shaped the same as the La fu 


which it is to be applied, but a little oy mp The body is soften: 
immersing it in the boiler; after this the nap is applied and worked 
as in felting, until the required union is effected between the two 
bodies, A narrow strip of beaver is felted round the inside of the cap, 
to form the underside of the brim. During the felting, the fibres of 
fur become driven in between the fibres of the felt body, and firmly 
interlocked. ’ 

The felt thus covered is in the form of a cone, and must be brought 
to the cylindrical shape in which it is worn by means of a wooden block 
of the requisite form. This operation, which is called blocking, is 
formed by working it with the hand on the block to which it is tied. 
The hat is then combed and sheared ; after which it is dyed in a bath 
com of water, logwood, sulphate of iron, yerdigris, and gall-nuts, 
in which the hat is boiled during some hours; it is then drained and 
dried. After this it is softened by steam, the crown is strengthened by 
placing in it a disc of scale- , and linen is pasted over this. The 
nap is raised, and a uniform direction given to its fibres by means of 
‘warm irons and hair brushes. The processes are binding and 
lining ; when the hat is ready to be worn. A good beaver hat 
through the hands of not fewer than twenty or twenty-five wor 
during the process of manufacture, 

Plaited and Felt Hats.—The beaver hats, just described, although the 
best results of the hatter’s art, are very little worn at the present day ; 
their commercial importance is therefore small. In every way the use 
of them has lessened. Originally the foundation, as well as the napping, 
was made of beaver fur; then there was a substitution of fine woo! 


fectalieel. . Abeuk the year 1830 it was estimated that a million 
So meer craneeiretnin Hazes) but in 
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i of 
e hat and making it more light and 
now work up into more than twice as many hat-bodies as were 
ducible by it twenty years Plush is 
covering silk hats; but the , for the 


Cork Hats, dc.—The novelties introduced or proposed 
last few years in the hat-manufacture are numerous ; 


Be 


only glance slightly at some of them. The lightest hats made are those 
Seen auldine readin’; bat ous te hae ae at ee 
of veneer-cutting machine ; but though t, are not yielding, 
and not well suited to maintain their sha; One novelty in felt hats 
consists in producing the shape by a of die and counter-die, one of 
which forms the convex and the other the concave side; the dies are 
heated by , and the combined heat and pressure force the felt to 
assume the Prysiee form. A frag hom ogre arpa stan that of 
forming a in one piece without joining; t, or other 
oeietel after being dressed with an adhesive solution, is stamped into 
form between a heated mould and a heated pl ; the hat might 
phan pedy ila ox peat py vA Ragman the mould were 

or em! ; a waterproo solution might be applied 
either before or after the stamping. oes hevcone proposes to employ 
a former or core of perforated metal; this former rotates in front of a 
trough containing wool or hair; a revolving fan sucks the air out of 
the former, and draws the fibres from the trough until they are 
deposited in a layer on the perforated metal, where subsequent pro- 
cesses cause them to felt together into a hat-| . Some hats are 
made with a complicated system of springs in the foundation, to facili- 


tate the folding up of oe a i ers eine 
arm or ona seat, A contrivance having a si object 
been introduced, consisting in cutting the body quite 

2A grr Beta inngen the edges are then cemented by 
ing them with a thin strip of India- , leaving 
A suggestion has been made for using 
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Seis, Coa, Se emis ek 
to som i e ni ‘orm, ona 
while moistened ry hot wheter, Shek as at the 
edges, and then sti and rendered waterproof ; it is conceived that 
such a hat, coated with silk plush, would be , and 
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cutting a 
hole in the foundation, and hiding it with the silk plush ; while others 
exhibit peeneenenn structure of the brim and sides for the attainment 
of this ; 
The_export of hats now amounts to about 180,000 dozens annually, 
nearly all to the British colonies, ‘ : 
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HATCHETIN. A fossil resin found in the lignite of Wales. It is 
colourless, fusible, and volatile; and is probably identical with ozokerite. 
It has the same per-centage composition a3 olefiant gas, but is doubt- 
less a mixture of several chemical compounds. 

HAUTBOIS. [Oxoer.] 

HAWKER. LAR. | 

HAWKING. [Fatconry.] 

HAZEL. Economical Uses. The hazel is best known for its nuts, 
which are consumed in enormous quantities. From Spain alone there 
are usually exported 30,000 or 40,000 in a year, of four bags to 
the ton. Besides being eaten simply as a fruit, the nuts are sometimes 
peeled in warm water, and used as a component in dishes like blanched 


‘almonds ; or converted into a kind of chocolate ; or made into bread; 


or pressed to yield an oil little inferior to almond oil. The wood of 
the tree is not large enough for building purposes ; but it is used in 
eabinet-making, and in the manufacture of a number of small articles ; 
it is close, even, and pliant, but does not take a good polish. Some of 
the roots yield curiously-veined pieces, eagerly sought after for orna- 


ae ape The smaller ches and twigs of the hazel are 
more than the main trunk, on account of their toughness and 
flexibility ; they are largely emp! for crates, hurdles, props, wattles, 
i fishing-rods, whip- les, ties for faggots, springes for 

birds, fastenings, &c. 8 oak paps other mention of the uses 
of this tree, said : “ The use of the 1 is for poles, spars, hoops, forks, 
angling-rods, faggots, cudgels, coals [charcoal], and sprynges to catch 
birds; and it makes one of the best coals, once used for gunpowder, 
ago till they found alder to be more fit. There 

i es wine sooner than the chips of hazel. Also, 
for withes and bands; upon which, I remember, Pliny thinks it a 
speculation that a wood should be stronger to bind withal, 
femme Paahed and divided, than when whole and entire.” Hazel-rods, 


attempt has been made to produce a kind of mosaic + 


picture, by interlacing differently-coloured hazel-rods, 

A iar abuse, rather than a use, of the hazel, is described under 
Drvistnc-Rop. The old herbalists, too, had singular notions about 
Opec sepa rage le Fegpec apnea 

HEAD, INJURIES OF THE, From the many peculiar and im- 
portant features which they present, pe igau of the head have properly 
received a separate consideration in systems of For not 
only is the brain so essential to life that even its least injury must 
be regarded as serious, but the parts around and guarding it have man; 
peculiarities. The skull, composed of two thin layers of bone, muc 
exposed to external violence, and protected from it by only slight 

, is extremely liable to fracture, and it is covered by a very 
dense and tightly applied membrane, the ium, of which the 
injuries and diseases exhibit all the ities of those of other 
membranes. By the free communications of its vessels with 

i rane (the dura mater) lining the interior of 
directly with those of the brain, disease is very 
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os eoepbssi a ed gmp: to extend widely. The injuries of the 
best consi as they affect the parts enclosing the brain or 


In mere bruises of the scalp two circumstances are worthy of notice, 
be burst without the skin over it being 
ious effusion of blood takes place, 
, and  poaara, beaeed swelling of the 

+ needs however no particular 
ee ee a ree aie, Be it cold wet clotha be 
diligently 4 blood again absorbed. If the 
effusion Blood from the bruise takes Ce, tebe the pericranium 
: a tumour, with sharp defined 
edges, and yielding to pressure in a manner so similar to that of 
fracture with depression of the skull, that the most experienced surgeon 
be deceived and induced to apply the trephine, but for the rule 
ra never be employed except in cases in which the brain 
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closed with eae 

it has been shaved , and it should kept cool; but to 

j parts, the patient should avoid all 
Loi Rage , till it is com: ly well. 
uently a violent oblique i bi 

e 

part, after being carefully cleaned, should be accuratel replaced : if 
absolutely ry, a suture may be inserted to ensure more exact 
adaptation, and the rest should be closed by adhesive-plaster ; the head 
around, being shaved, must be kept perfectly cool; the patient must 
be placed on low diet, take aperient medicine, and remain quiet; on 
the first appearance of general excitement blood must be taken from 
the arm, anf by leeches applied round the wound; under this treat- 
seguliptiied ie edeeisted, with almost singular rapidity; but if 

serious consequences may ensue even from 
the slighter injuries, = , 
ARTS AND SCI, DIV, VOL. Iv. 


One of the most common of these sequels of injuries of the scalp is 
erysipelas of the head and face. It generally occurs in persons of an 
unhealthy habit, in hard drinkers, and in the full and plethoric. It 
commences about the third or fourth day after the injury; the patient 
Lp ca to complain of headache and a feeling of general illness; he has 
a shivering fit, followed by nausea, thirst, and restlessness; a quick 
and hard pulse, and a thickly-coated tongue; he cannot sleep, andis . 
perhaps slightly delirious. nm after these symptoms have com- 
menced the head and face feel very hot, and become red and swollen, 
appearances which increase, and after a day or two are accompanied 
with an eruption of small blisters, full of yellow fluid. There is no 
pain on touching the parts; but by the great swelling the eyes are 
often closed, and the features almost obliterated. Active reducing 
measures should, as a general rule, be early employed, and continued, 
if the disease does not yield, as far as the patient’s strength will 
permit ; and purgatives, with small doses of mercury, should be given, 
for the liver is generally affected. After a period of from five to 
eight days the iiennation in most cases subsides, the cuticle scales 
off, and the wound, which had assumed an indolent unhealthy appear- 
ance, acquires a vigorous aspect, and rapidly heals. But in some cases 
the cellular tissue thus affected suppurates and sloughs, the scalp is 
separated, and there is profuse discharge from the wound. One or two 
incisions should in such case be made into the cose, 3 part, to 
admit of the free separation of the sloughs; but even with this the 
disease will sometimes spread and prove fatal. 

Another affection which sometimes follows injuries (and especially 
punctured wounds) of the external coverings of the skull is inflamma- 
tion and consequent extensive suppuration in the loose tissue connect- 
ing the tendon of the muscle covering the top of the head with the 
pericranium. The ptoms of fever are in these cases less 
severe than in erysipelas; the scalp is less hot and swollen, but more 
painful and very tender ; the face is never affected. After a few days 
of general illness, a feeling indicating a collection of fluid may be per- 
ceived over some part of the head; and on making an opening into the 
swelling which has formed there, a quantity of matter may be pressed 
out of it from beneath a large portion of the scalp. When this affec- 
tion is to be coming on, leeches should be put on the head in 
large numbers about the wound, and cold diligently applied ; but if 
matter should form, one or more free incisions should be made through 
the scalp to let it out; and the part afterwards treated like a common 
abscess. 


In cases in which the bone has been exposed, the same general and 
local treatment should be emplo: The scalp when replaced may at 
once unite to the bone; or if it do not, granulations may spring up 
from the surface of the bone and close the wound : in worse cases, the 
outermost layer of the skull may die, and require a tedious process for 
its exfoliation and healing; in the worst, the whole thickness of the 
skull may perish, and the dura mater be exposed. In all these cases 
the mildest treatment is requisite, but as the disease is extremely 
liable to spread to the interior of the skull, the general health should 
be carefully watched, and if any indications of mischief arise, general 
or local bleeding should be at once employed. 

When the bone itself is injured, no active treatment should ever be 
adopted, unless there are evident signs that the brain is suffering from 
compression or any injury that may be mitigated, These fractures of the 
skull get well even more rapidly those of other bone; and in some 
cases, especially in children, the skull may be forced in to some extent, 
but when it does not produce any derangement of the functions of the 
brain the injury will be repaired, and health perfectly restored. Cases 
of fracture of the skull in which the brain is not at first injured may 
be amongst either the most simple or the most dangerous in surgical 
practice—for the least intemperance or i ity committed within 
some time after their reception may produce irreparable inflammation 
of the brain or its membranes. 

Injuries of the dura mater (the membrane lining the interior of the 
skull) are of yet more importance, because they more immediately 
affect the brain. The dura miter is connected with the skull by a 
tissue in which numerous vessels ramify, and these may be ruptured 

the jar from a blow which does not even break the skin, The blood 
flows from them, accumulating between the dura mater and the 
skull, produces compression of the brain. The chief indication of this 
very dangerous accident having occurred is that the patient, who for 
some time after the blow had seemed only stunned, or had been even 
quite sensible, ually becomes dull, sleepy, comatose, and at last 
totally insensible, just like one suffering from apoplexy, These 
supervene withy a rapidity corresponding to the size and 
number of the vessels ruptured ; the most rapid are those in which, by 
a blow on the side of the head, the main artery, supplying the dura 
mater and upper part of the skull, and which just before the 
ear, is wounded. The only hope in these cases is to bleed the patient 
largely, to check the flow of blood in the head, and if that be not 
evidently beneficial, to apply the trephine wherever it is most probable 
that the blood may be found and remoyed. It must be confessed, 
however, that there is little prospect of doing good by trephining in 
these cases; it is seldom possible to decide at what part of the skull 
the blood is effused, or whether it may not be between the dura mater 
and the brain, or even in that organ itself. The symptoms in each 
case are the same, but the mechanical removal of the blood is possible 
88 
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— the blood is immediately beneath the upper parts of the 


Instead of blood, purulent matter may collect between the dura 
mater and skull, and produce equally fatal results. This is indicated 
by the patient ( some considerable time after the accident) 
complaining of headache, restlessness, and extreme languor; he has 
frequent irregular shiverings, his pulse is quick and , and he 
cannot sleep : if unrelieved by treatment, all these symptoms increase, 
and are shortly followed by delirium, convulsions, insensibility, or 
paralysis, which are no distant precursors of death. Early after their 
first appearance, a puffy, soft, but not very hot nor painful tumour, 
forms over the part struck. If this be opened, the pericranium will 
be found detached for some extent from the skull, which when exposed 
is seen to be dead, of a dull yellow colour, and covered by purulent 
fluid. In this case it may be expected that the dura mater is separated 
from the interior of the skull to the samé extent that the pericranium 
is from its exterior, and the only hope of relieving the patient is to 
perforate the dead portion of bone with the trephine, and let out the 
peed collected between it and the dura mater, and which compressed 

e brain. 

The brain itself may suffer injury either from blood effused in it by 
rupture of its vessels, from compression by fractured portions of bone 
being foreed down upon it, from wounds, from concussion, or from 
inflammation, and its various effects following any of these injuries. 
The first need not here be particularly treated of; it does not differ in 
its La eons from the cases of common apoplexy with effusion of 
blood [Arortexy], and admits of no mechanical treatment. The 
second class comprehénds the most important injuries of the head; 
those of “fracture with depression,” as they are called, and those 
which occasionally happen in children, in which the skull is indented 
without being broken. The symptoms of such an injury are insen- 
sibility, generally in direct proportion to the degree of pressure ; the 
breathing .is slow, laboured, and snoring, and at every expiration the 
cheeks are puffed out and elevated; the pulse is slow and irregular; 
the pupil widely dilated and insensible to light; the patient neither 
feels nor moves, and lies as if in a fatal state of apoplexy. The part 
struck may of course present most varied characters ; it may be starred 
froin the centre of the blow, so as to have a shallow conical depression ; 
it may be fissured, and one edge have passed under the other ; or it 
and the scalp may be broken up confusedly, and the brain be pro- 
truding through the openings in them. It is worth remembering that 
the inner part of the skull may, in consequence of its brittleness, be 
much more widely fractured than the external, so that the degree of 
een on the brain is not always indicated by the depth of the 
ndentation felt in the scalp, If unreliéved by treatment, the patient 
from the time of the accident grows more and more insensible; his 
pulse becomes more irregular, and he rapidly dies. The evident and 
indeed the only mode of affording rélief is to remove the pressure from 
the brain, by exposing the fractured part of the skull by enlarging the 
wound in the scalp, or making a fresh one, and taking away or 
elevating all the portions of bone that are depressed. The mode of 
doing this will be Aatermntied in each case by the form of the fracture 
and other circumstances; in some it may be sufficient to remove the 
loose pieces with forceps; in others, to saw off portions with a Hey’s 
saw, or to apply the trephine and raise the other depressed parts to 
their proper level with an elevator. These proceedings however must 
of course be limited to the cases in which the fracture is in a part 
within view ; when it extends across the base of the skull no mecha- 
nical means are applicable, and recovery is therefore extremely rare. 
Such cases, and all others in which compression cannot be mechanically 
relieved, cat only be treated like common apoplexy, by bleeding the 
et, by cold sedulously applied, and by rigorous reducing measures. 

@ after-treatment of cases in which the trephine or analogous means 
have been used is nearly the same as in wounds of the skull and soft 
parts; the edges should bée brought gently together, and slight pressure 
employed to en the dura mater where it is exposed by the 
aperture in the skull: and the other usual precautionary and curative 
measures, as cold, local bleeding, &c., resorted to. 

The immediate consequences of wounds of the brain vary greatly, 
and indeed unacoduntably: in some casés a very slight injury is 
rapidly fatal, as in those (of which many are now recorded) in which a 
pointed instrument has in through the orbit, and produced 
almost instant death; whilst in others severe and extensive injuries, 
as from gun-shots, have been followed by serious symptoms at only a 
late period from their reception. In most of the cases where the dura 
mater is perforated, whether by wound or by ulceration, the wounded 
or ex brain protrudes through the aperture in the form of a 
darkish dirty-looking fungows mass, called “Hernia Cerebri.” Its 
surface discharges purulent matter abundantly, and often bleeds 
slightly : pressure on it, as on the brain itself, produces immediate 
insensibility ; but the whole mass may be eut off without producing 
any Powe or ill consequences. This is indeed the best treatment of it, 
If after having protruded to some distance it showé no disposition to 
decrease or to slough, it should be cut down to the level of the skull, 
and gentle pressure by compresses covered with the mildest ointment 
applied, 80 a8 to compensate, if possible, for the deficiency in the dura 
tnater. Should the mass again sprout forth, the same treatment may 
be repented. In a few cases the growth is checked, and the brain 


skin over ; in others the us mass sloughs and the 
parts héal; but in the large majority the of the brain 
irritation by surrounding parts luce continued 
of = as proves fatal. ‘ ee «his 

e injury of the brain that needs goes notice 
called oi pap commotion. The é 
unknown; the name indicates only that which has been sup’ 
namely, a shaking or general disturbance of the minute of the 
brain. In its slightest degrée it is merely a stunning, which 
perfect recovery takes place in 4 few minutes; in its most severe, it is 
rapidly fatal; but even in these, a post-mortem examination pg 
no alteration Whatever in the structure of the brain. One of the most 
os ints in s is the diagr of conéussion from & 
pression o' tie bbraif As the latter seldom occurs without the 
(or oe wage! a rt veal) would org to ge the ig? 
violently e the brain), compression e symptoms of | 
cussion, with the addition of some of the most severe which we h 
already mentioned. In conctission the patient is insensible 
slight impressions, for if he be loudly called to, he will wake v 
answer 4 word or two, perhaps éven rationally, and then relapse 
the same state. If he be severely pitched or otherwise irritated h 
will withdraw the part so injured: he occasionally moves his limbs; 
he appears, in short, as if in a sound heavy sleep, like that of a drun 
man. The breathing is not stertorous, but generally quite 
the pupil is contracted and irritable ; the pulse is sometimes unaffects 
but in Severe cases small and weak ; there is nausea or vomi 
the extremities feel cold. If the case is about to terminate , the 
whole body grows rapidly cold, the ig becomes irregular and weaker, 


we healthy granulations, which unite to the surrounding ig 
and i 


the breathing short and in and the insensibility ( 
speared that blesdng, which i Che remedy popularly expected fox 
appeared that bleeding, which is the remedy f 
such accidents, has at all diminished its primary symptoms, nor has 
the con treatment by stimulants been more successful. 
patient, while suffering from the immediate gra Sy equences 

’ 


other tons of si 

for, and should be given till he is vers gad roused to his former 

be employed 

eeks, with only vod 

and rapidly recovers. If instead of waking nearly well 
wt ; from headache, t 


delirious or convulsed—if his pulse becomes quick and 
ig are hurt by strong light—he has in all. probability inflam 
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arid must be at once met by the active depleti 


Fe 


measures necessary for its cure, from whatever cause it may ad 
some cases the 5 ms of concussion gradually change into those 
of compression, which may then be suspected to arise from effusion of 


as it were accidentally, which 1¢ fs necessary briefly to adver 
Furious delirium, lasting for some days and requiring active depletion 
sometimes ere follows coneussion ; violent convulsions al: 
ensué, either on slight compréssion or on concussion ; lysis 
hemiplegia is not unfréquently produced directly by compression, : 
oa ill more commonly erned as its as sey Loss ¢ 

sometimes most singularly limited to partic lasses 0! : 
things; impairment of individual sensations, re various fous ) 
insanity, are all the occasional consequences of these injuries, or of #1 
inflammation and disorganisation of the brain which follow them, 
to the prevention or cure of which the chief attention is, in 


thors oe cases, to be directed. 
EADBOROUGH. [Consrasie.] 


HEALTH. [Pvstic Hrarrn.} F 
HEARING TRUMPET. [Ean-T'numrer; Sreaxmo-Teumpet.] — 
HEARSAY. [Evrpenct.] 


HEART, DISEASES OF THE. The heart, like the other viscera, 
is concealed from the eye, hence little knowledge of its healthy or 
diseased conditions can be obtained by mere i i Even the 
touch fails to ascertain much, on account of the case in which it 
is enclosed. Its impulse may, however, be di the 
chest with the hand. The arterial pulse may be also e A 
but these means of examination give but little m of the 
nature of diseases of the heart, euperet with the use of the ear. 
Disease of the heart can be detected by the. aid of auscultation 
reussion. 


and r r 
hen the ear is applied to the left side of the chest, either directly 
or with the aid of the stotheecpe, two sounds are heard, call nj 
first and second sounds of the heart. [Heant,in Nat. Hist, Diy, 
The two sounds differ from each other, and the period of sil 
between the two sounds also differs, The first sound is longer than the 
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second, d the two have been compared to the syllables Zupp and 
dup.” dts herd ost athe ind ontaida Yo eft tipple: 
le of the ventricles, and on these accounts is called 


the ale or inferior sound. The second sound is heard above and 


: after the first sound and before the second it is shorter than 
the second and the first. 
different characters in different inditiduals in 


. 2 
SO dG cok Sock Wie weet be ol 
be accompan iction so! m di O! peri- 
, or murmurs may ensue from disease of the iy as Dee 
, , cooing, or whistling murmurs. ere is a 
miner csr 2 rea en te fe 
u lth antici very , but very di , the 
pulse at the hence any prol on of this period is indicative 
of some obstruction to the course of the blood. 
of and causes of the murmurs and abnormal 
is essential to a correct diagnosis of 
These murmurs or morbid sounds may arise from 
, when they are called endocardial ; or between 
membrane, the pericardium, when they are called 
classes of murmurs may co-exist. The endo- 
either from an unnatural contraction or an 
ifices bétween the vessels and cavities of 
also arise from states of the blood. When 
by the latter they are called functional or inorganic, but when 
from the former organic. The exocardial murmurs arise from the 
of the surfaces of the heart and pericardium. 
uch of the orifices of the heart may be the seat of two different 
kinds of Lal gy the one constrictive, the other regurgitant ; the one 
as the current of the blood, the other against the current, 
In way sighs different kinds of murmurs are It should, 
however, be ibered that the murmurs on the left side more fre- 
quently occur than murmurs on the right side. The sotiowing account 
of these murmurs, given in the order of their tie a will give an 
Dank ee Searels pet the means of distingnl em. 

. Mitral regurgitant murmur.—tThis arises from inefficiency of the 
mitral yalve aces in its structure, roughness at its edges, from 
vegetatious of the chorde tendinee, or fibrinious clots 

in them. Itisa lic murmur, and is heard best imme- 
aly above or to the outside of the ee pes It is faintly or 
wholly inaudible at the right apex. It is generally permanent. 

2. Aortic constrictive murmur is the next most frequent abnor- 
mal sound in diseases of the heart. It indicates a rough constriction 
of the aortic orifice. It is a systoli¢ murmur, and is heard best at 
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mid-sternum opposite the interspace, between the third and fourth ribs, 
or the F part of the fourth rib. It has a high pitch, and is a 
harsh, load, 3 prolonged murmur, 


3. Aortic regurgitant murmur.—lIt differs from the last in being heard 
almost as distinctly at the ensiform cartilage as at the third eostal 
interspace. It is a diastolic murmur, and is of a blowing or hissing 


4, Mitral constrictive murmur,—It is diastolic, and heard best 
above and about the left Cae 

5. wrgitant murmur.—It is due to regurgitation, or to 
the col of the blood the chorde tendinee. , It is a systolic 
murmur, and is heard best immediately above or at the ensiform 
cartilage. It is inaudible, or nearly so, at the left apex, It originates 


n 


in the right ventricle, and is ly a soft murmur of low pitch. It 
is a rare murmur, and may be often undiscovered when accompanied 
by werful mitral murmur, 


a 
6. Pulmonary constrictive murmur.—It indicates roughness, or ob- 


jum an 
Siw. be euployed in distinghtabing f th 

Fercussion may be employed in ment of the 
heart. Tt is employed cither mediately or directly. [Percusston.] 
In the normal condition of the thorax, the situ of the heart is 


easily by the dull sound given out on percussion. When 
this sound extends unnaturally in any direction over the region 

the heart it is indicative of an enlargement of that organ, a condition 
which will be made evident by other signs of disease, 


In giving some account of the disorders to which the heart is liable, 
it would perhaps be best to arrange them according to their causes ; 
but as it is much easier to obtain a knowledge of the structure of this 
organ than of the’remote causes of its several diseases, we shail here 
enumerate and describe, first, those lesions which occur in its investing 
membrane; secondly, those which affect it as a whole; and thirdly, 
those met with in its internal membranes. Those who desire to 
further acquainted with this subject are referred to the works of 
MM. Corvisart, Laennec, Cruveilhier, Bouillaud, Bertin, and Drs. 
Bs tye Hope, Watson, Latham, Taylor, Walshe, Williams, Billing, 

en. 


I. Diseases of the Investing Membrane of the Heart. 


Pericarditis, Inflammation of the Pericardivm, resembles much, in 
its pathological conditions, inflammation of other serous membranes, 
and is induced by similar causes, as exposure to samp and cold. It of 
course presents jar symptoms, arising from the situation and 
nature of the individual organ : thus the patient will complain of ten- 
derness oyer the region of the heart, amounting, when pressure is 
made, to acute lancinating pain, which prevents him from lying on the 
left side, and is much increased by drawing deep inspirations or cough- 
ing,—this latter symptom frequently depending on the pleura being 
involved in the inflammatory attack. This pain, however, is not 
always so severe; frequently only a sense of oppression is felt. The 
pulsations of the heart are frequent, sometimes , but at other 
times intermittent, and so strong as to constitute palpitations; but 
still, if much effusion has taken place into the pericardium, the hand 
when applied to the chest will have difficulty in perceiving them. The 
ah portion of the thorax is often bu out by the forcible 
action of the heart and the quantity of fluid e! into the cavity of 
the pericardium. This effusion varies much in quantity and con- 
sistence at different periods of the disease: thus, in many eases, only a 
little bloody serum will be found; in others, pus in quantities, 
coagulated lymph, bands of fibrinous matter uniting the two layers of 
the serous membrane, and even cartilaginous or osseous deposits. The 
dull sound discovered by percussion in the precordial region of a person 
in health is always, in this disease, increased in proportion to the quan- 
tity of fluid in the pericardium. In proportion as this fluid becomes 
organised sounds will be heard by the application of the stethoscope, 
and often of the unassisted ear, in their nature according to 
the state of the organising process, and resembling at one time the 
creaking of new leather, at another the rubbing together of paper or 
parchment, the noise made by a file, &c, Other sounds also are 
sequnry heard, which depend upon endocardial disease. Although 
at the commencement of the disease the patient may haye symptoms 
of acute inflammation, the accompanying fever having a type suffi- 
ciently tonic, this state does not endure long; the effusions into the 
pericardium hinder the heart’s action; the free passage of the blood 
through its cavities becomes further impeded by various internal parts 
of the sharing in the inflammation; and, the circulation being no 
longer rously and equally carried on, a crowd of distressing sym- 
ptoms, such as inability to sleep, startings, faintness, shortness of breath 
amounting to suffocation, dropsies, &c., render life almost insupport- 
able, and, if not speedily relieved, soon put an end to existence. This 
disease mostly accompanies acute rheumatisnr, particularly of the 
joints ; and patients, when apparently recovering from acute rheuma- 
tism, are sometimes suddenly attacked and carried off by inflammation 
of the pericardium. 

The serious nature of this disease, and the rapidity of its progress, 
demand, apparently, prompt antiphlogistic treatment ; but, on the 
contrary, some physicians exhibit tonic medicines. Dr, Watson says, 
“Tn a large proportion of cases, whether they be treated well or ill, or 
not treated at all, the patients will seem to recover,” 

The great guide to treatment is the pressure of the symptoms. At 
the commencement of the disease, if there is dyspnoea and tumultuous 
action of the heart, bleeding will immediately relieve. Towards the 
termination of the disease such symptoms are relieved by wine and 
stimulants; otherwise the general treatment for rheumatism is admis- 
sible in cases of pericarditis. 


II, Diseases of the Heart itself. 


Carditis ; Inflammation of the Heart—The proper muscular structure 
of the heart is not free from the attacks of inflammation, though 
whether the morbid action commences in this structure, or in the 
membranes, is difficult to determine. This, however, is certain, that 
when inflammation of the muscular structure exists, there will also be 
found traces of it in the pericardium, or in the lining membrane of the 
heart, or in both; and we cannot point out symptoms which distin- 
guish the one from those of the other disease: the treatment con- 
sequently, will be similar in both. 

Hypertrophy of the Heart.—Independently of any morbid process 
existing in itself, the muscular structure of the heart is often greatly 
increased in bulk, as if the nutritive process were too active in pro- 
portion to the absorbent, and new matter were deposited more rapidly 
than the old could be removed. From the peculiar nature of the 
functions of the heart, this disease becomes yery important, and its 
effects not less dangerous than manifold, It is usually divided into 
three kinds ; namely, simple hypertrophy, the least common, in which 
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the parietes are thickened without any of in the cavity; 
Senate or aneurismal hypertro; Bare tery Feat met 
with, in which Hell sapon v are thickened and hs talaied cavity or 
cavities proporti ly enlarged; and concentric hypertrophy, where 
the cavity is diminished in proportion to the thickness of parietes. 
Any one of these kinds of hypertrophy may affect the parietes of either 
cavity of the heart, or of the whole organ. The extent to which this 
increase of size may proceed is enormous; hearts have been found 
weighing upwards of twenty ounces, whereas the average weight of a 
healthy heart is from seven to nine ounces, In hb hy, the 
shape of the heart is also much altered, the transverse 0} exceeding 
the vertical diameter; but these changes must depend upon whether 
the whole organ, or only a part, be implicated in the disease, The 
chest is often bulged out towards the left side, the sound produced by 
percussion more dull than in the healthy state, and the pulsations 
very strong; indeed, the bed-clothes are often visibly raised, and the 
head or hand of the observer when applied to the chest forcibly 
repulsed, yet the pulsations are for the most part regular, unless palpi- 
tations be induced by over-exertion. The sounds perceived by auscul- 
tation will be found very loud, but not otherwise unnatural, if the 
disease be not combined with some obstruction to the passage of the 
blood ; and unless some obstruction exists, the functions of other organs 
will not be much deranged, provided that the hypertrophy be not of 
great extent; but it seldom does exist to considerable*extent without 
the simultaneous occurrence of some impediment to the passage of the 
blood, already circulating with extraordinary force. 

The accidents referrible to h phy of the left ventricle of the 
heart are apoplexy and hemorr! ; it will also contribute to the 
production of aneurism of the aorta. It frequently happens that the 
rupture of vessels in the brain by the too forcible expulsion of blood 
from an hypertrophied left ventricle is materially facilitated by an 
earthy or osseous state of the coats of those vessels, When the right 
ventricle, being hypertrophied, sends its blood too forcibly through 
the lungs, there will be a disposition to coi ion of those organs: 
_— effects will be combined when the whole heart is hypertro- 
phied. 

This is a disease in which great perseverance is required on the part 
of the patient and the practitioner, but with proper care it frequently 
admits of much alleviation. Rest, abstinence, sedative medicines, and 
more or less depletion, according to the circumstances of the case, are 
the most efficacious plan of treatment. 

Atrophy of the Heart is a wasting of the heart’s structure, dependent 
on deficiency of the nutritive process. This disease is the reverse of 
hypertrophy, and, like it, may affect the whole organ or only parts of 
it; its extent is often such that the heart does not exhibit more than 
half its ordinary weight. Like hypertrophy, it has been divided into 
simple atrophy, when the walls of one or more cavities are thinned 
without any change of capacity in the cavity itself; excentric or 
aneufismal atrophy, when the enlargement of the cavity keeps pace 
with the thinness of the walls; and concentric atrophy, where the 
cavity is diminished, but the walls maintain their usual thickness. 
This state of the heart is usually accompanied by general emaciation, 
and the pulsations and sounds of the organ will be found feeble in 
proportion to the extent of the atrophy. In concentric atrophy, how- 
ever, the pulse will be firm and resistant, though small, whilst in the 
excentric form of the disease it will be proportionally soft, feeble, and 


When the heart is examined after death from atrophy, it is found 
that its tissues have undergone a change which has been called “ fatty 
degeneration.” The muscular fibre, instead of premeating: the striped 
character found in health, loses the stripes, and presents a homogeneous 
appearance. In the interior of the fibrille will be found also fat 
globules, and the central portion of the muscle-cells, consisting natu- 
rally of fibrine, is converted into adipocire or cholesterine. It is in 
this state of the heart that rupture of its membranes so frequently 
occurs. (Quain, ‘ Fatty Diseases of the Heart.’) 

In atrophy the powers of the patient are all below pars and the 
proper treatment will be to support the system by wholesome, gene- 
rous, but unexciting diet, and a salubrious atmosphere. Medicines, 
as quinine and iron, may be prescribed as auxiliaries, when an 
additional symptoms appear indicating obstruction to the nutritiy. 
functions, 

Dilatation of the Heart.—It has been shown that the heart may be 
increased or diminished in substance, or, in other words, may be 
hypertrophied or atrophied ; it is also found that the whole organ, or 
either of its cavities singly, or the orifices of these cavities, may be 
dilated, the solid parietes being merely extended, without any increase 
of substance, and the contained cavities proportionally enlarged. As 
in hypertrophy, so in this disease, according to its extent, the shape of 
the heart will be much changed. The muscular parietes being thinned 
and feeble, the circulation of the blood will not be carried on with 
vi , and the patient will be weak and unfit for exertion, easily 
exhausted by smal] losses of blood, and sometimes carried off by what 
under ordinary circumstances would be deemed a trifling hemorrhage. 
Partial dilatations sometimes occur after carditis; the muscular struc- 
ture being thinned at some spot by ulceration, the parietes give way, 
and form a dilated aneurismal pouch. This disease, though it doubt- 
less does sometimes occur in persons of relaxed muscular fibre without 


any pre-existing impediment Soltis clsveiesians, be estes Sreeeeeeaaee 
uence of some obstruction to the free passage of the 
the dilated cavity, and is the natural effect of Sileccion froma widiiag 


or of vibration such as would be ent by_ putting a 
losure exist in the right auriculo- 


The ing diseases are most frequently the result of disease of 
the tide toanioane'st the heart, and are often accompanied by the 
signs of valvular derangement. u 

IIL. Diseases of the Internal Membranes, 

Endocarditis ; Inflammation of the interior lining membrane of the 
Heart,—The symptoms +3 Ss oom more - less fever rm 
anxiety ; some ing o ial region, if accompanied | 
eral ; an extension of the dull sound heard on percussion in the 

ealthy state ; the pulsations of the heart unusually strong, and some- 
times very rapid and intermittent, repulsing the hand when applied to 
the chest, and producing a peculiar vibratory sensation. Upon auscul- 
tation the bellows sound will be heard, masking one or both of the 
normal sounds, and sometimes, during the ventricular contraction, a 
metallic tingling is heard, resembling the sound produced by dropping 
sand into a bell of metal. The pulse as felt at the wrist not 
always accord with the beatings of the heart; often whilst the latter 
are very forcible, the former will be found small and weak, and some- 
times less frequent: this indicates some obstruction to the free passage. 
of the blood from the oye Pei i a jie nearer = 
of that organ to propel it, e patient wi ibit symptoms 
much distress, as great anxiety of countenance, restless tossings of the 
body, dazzlings of the sight, and faintings; if the gbstructions in the 
right side of the heart are extensive, as they often are from fibrinous 
concretions, thickeni and. other morbid growths of the valves, the 
venous circulation will be affected, as indicated by the livid bloated 
state of the countenance, and serous effusions into the extremities ; 
various apoplectic symptoms seem to be sometimes induced by the same 


cause, The breathing is not affected generally beyond a sense of 

sion, unless a considerable impedi cote epellenegl by the ofrontetiei 
but then the distress and ess of the sufferer is often extreme, 
accompanied by an inability to lie down, and a state of alarm and 
wandering amounting almost to delirium. 

The causes of this serious malady are similar to the causes of peri- 
carditis, and the treatment should be conducted on the same principles, 
It frequently arises in the course of an attack of rheumatism, and may 
or may not be accompanied by pericarditis. 

Valvular disease of the Heart—Upon examination after death from 
endocarditis, there will often be found, ly in the right 
cavities of the heart, and entangled in the muscular fibres, clots or 
concretions of fibrinous matter, which are not only caused by 
tion of the blood at the time of death, but also by inflammation of the 
internal lining membrane. This membrane is also often thickened, 
especially at the valves; and after repeated attacks, or a long chronic 
attack of endocarditis, the valves will not merely be thickened, but will 
become the seat of a variety of warty excrescences, or even cartilagi- 
nous and osseous formations of considerable size, nding into the 
cavities of the heart. This ossification is most frequently met with in 
old persons, and especially those who have been addicted to a too 
generous mode of living. The morbid sounds produced by these 
obstructions at the various orifices will resemble those of the Ws, 
file, or saw, according to the degree of obstruction ; and sometimes a 
triple or quadruple sound will be perceived instead of the two normal 
sounds. e effects of these obstructions will be eous and 
serous congestions, oppressions of the breath, apoplectic seizures, and 
other symptoms of embarrassed circulation. 4 

The treatment of such cases must depend on the nature of the 
symptoms present. Where anasarca is present, the water may be got 
rid of rest and by acting on the bowels and kidneys, Asthma is 
frequently the result of valvular disease of the heart, and remedies 
must be applied to facilitate the passage of the blood through the 
obstructed lungs. Hemorrhage from the = and extravasation of 
blood are produced by disease of the heart. Congestion of the brain 
and apoplexy are also the result of disease of the heart, and it is of 
the greatest q to detect the cause of these attacks in the 
state of the heart, and adopt treatment accordingly. 

Nervous Diseases of the Heart—The last class of diseases affecting 
the heart which remains to be noticed differs from all the  pecelinare 
not presenting any organic a They are met with chiefly in 
women suffering from anemia, chlorosis, hysteria, and other neryous 
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ptoms ; and in men in whoma naturally nervous temperament has 
teeth tendared: more irritable by the too free use of. stimuli or by 


depressing passi In these cases strong pulsations of the heart are 


serious 

Malformation of the Heart.—Cases of permanent malformation of 
Pin, deemed Lavy tno sramcyne samen shnlai aay 
permanent foramen ovale. (CYANOSIS. 

HEAT. This great natural agent, which is universally diffused, 
becomes sensible to us in the first instance by our bodily sensations, 
2 gar onde nc mipe yeaa ellen uel bcaye ae deappe maiabeg 
capable of producing on substances. ion, fusion, evapora- 
tion, thermo-electric currents, and various physiological phenomena, 
are effects of heat, or at least accompany its absorption. 

Every existing substance may be regarded as a source of heat. In 
this respect the sun is the most important natural source which our 
system possesses, its heat when condensed in the focus of a lens bei 

i intense. When concentrated by a number of pow 


is imponderable, the increase or diminution of heat in any body is 

therefore by any alteration of t. 
Heat may be uced artificially y Bork means Which propagate 
con- 


— in bodies: hence gel vole sepa 

ak - Sinsiion, tmetods . 1 ration, 
ae ree ee nea Soper te Serniwwe cx yattiee te develope 
heat. Pouillet has 


The measure of the quantity of heat produced mechanically would on 
this hypothesis have a direct connection with the sum of the vis viva 
of the system of vibrating icles. Hence the communication of 
heat by contact would be same as the pro ion of vibratory 
motions from the coer dig oe ed rote spay Th heated body to 
that of the touching body. This hypothesis is liable to a great objec- 
tion ; for heat is a vaenniac if even we suppose 
all space filled with some fluid, in order to explain solar radiation, the 
hypothesis loses its simplicity, and differs from the former principally 

its vagueness. It has been suggested by Brewster, that the 
solar rays are nothing more than heated light, but this opinion is open 
to several objections founded on the different laws by which heat and 
light are transmitted and modified. 

It is of greater advantage to study the properties of heat, and make 
those properties the ground for its measurement and the calculation of 
its effects, than to on the nature of an intimately con- 
nected, not only with light and electricity, but with the absolute 
nature of the material molecules. 

Heat radiates from all bodies in straight lines and in all directions, 


and in the law of its emanation it resembles light, its intensity dimi- 
angle i 


in L\ Capa to the difference of radiations, and this will continue 
until temperatures become permanent, in which case the radiations 
are mpm Ne ray In the same manner, when the different 
of a room in w there are one or several sources of heat have 
uired a permanent temperature, that temperature for each 
then be such that the heat which it emits by radiation must be 


equal to the quantity absorbed; and which it has received by radiation 
from all other parts of the room. 

One consequence of the free radiation of heat in open space is, that 
its intensity must vary inversely as the square of the distance from the . 
origin. Hence every portion of space has a determinate temperature 
due to the amount of radiation, not only from the sun and fixed stars, 
but also of the non-luminous bodies of each m. It seems however 
difficult to conceive with Poisson, that in addition to such temperature 
from heat emitted, it can have any temperature peculiar to its locality ; 
in fact, that vacuum can possibly have any proper heat. * 

But though the laws of the free emanation of heat and light are 
similar, those of their transmission through substances are very 
different. When a metallic body is but a little heated in a fire, we 
have heat unaccompanied by sensible light; and in the lunar rays the 
light, though originally transmitted from the sun, arrives at our 
planet without any sensible heat, even when collected in the focus of a 
burning-glass. Again, a plate of glass placed before a common fire will 
in the heat until it becomes itself sufficiently heated to radiate. 
When however the source of heat is more intense, a small portion will 
be directly transmitted ; while for the solar rays we find the heatsis 
transmitted as wellas the light. It is still more remarkable that 
when the solar rays are decomposed by transmission through a glass 
prism, the differently coloured rays of the spectrum have each a dif- 
ferent intensity of heat, the least refrangible possessing the greatest 
portion ; the greatest heat is found at the place occupied by the ex- 
treme red rays, or even a little them. 

Not only may radiant heat be collected in a focus by refraction 
through a lens, but also by reflexion from a polished concave mirror. 
If we employ a pair of mirrors, and if a heated body be placed in the 
focus of one, aul etthbaneeane: in the other, the raheated heat falling 
on the bulb of the instrument will cause the mercury to rise; and con- 
versely, a colder body will make the column of mercury descend, for 
the excess of radiation proceeds in this case from the thermometer. 
Recent experiments on heat show that the analogy of the laws of heat 
and light extends even to polarisation. 

The experiments of Leslie have shown how greatly the quantity of 
radiant heat may be affected by the state of surfaces from which it 
finally emanates. The method adopted by Leslie for examining the 
powers of radiation by different substances was extremely 
simple and ingenious, Having employed the system of two ‘specula 
above mentioned, he placed a tin canister filled with hot water in the 
focus of one, and a Jifferential thermometer [THERMOMETER] in the 
other focus. The four sides of the tin canister were covered with the 
substances of which he proposed to seek the radiating powers; when 
three of the sides were respectively covered with lamp-black, paper, and 
crown , and then turned so as to radiate directly on the speculum, 
the heat reflected by the other speculum raised the thermometer ac- 
cordingly to 100°, 98°, and 90°; but when the fourth side, which was 
uncovered, was similarly directed, the thermometer fell 12°. Thus it 
appears that polished metallic substances are bad radiators, which may 
be attributed to the internal reflexion of the heat from their surfaces, 
for the sources of radiation must evidently be at some small depth 
below the geometrical surfaces. A similar apparatus served to measure 
the absorptive power of different substances, by covering the bulb of 
the thermometer as uniformly as possible with an envelope of the sub- 
stance to be examined ; this power was thus found to be nearly in pro- 

rtion to that of radiation. The maximum effect of the reflected 

eat, was not however in the strict geometric focus, but, in consequence 
of aberration, it was found to be a little beyond it. At a later period 
Ritchie contrived a species of differential thermometer from which, by 
direct experiment, he was enabled to prove that the power of radiation 
from any surface is exactly equal to that of absorption at the same 
surface. A hollow air-tight cylinder of tin, having one half of its 
exterior surface bright and the other covered with lamp-black, was 
fixed in a vertical position at each extremity of a bent glass tube con- 
taining a coloy spirit ; and midway between these was placed a 
vessel similar to the others, and like them coated on half its surface. 
When the instrument was to be used, the middle vessel was filled with 
boiling water; then the bright side of one-of the first-mentioned 
cylinders being turned towards the coated side of that which con- 
tained the water, while the coated side of the other was turned towards 
the bright side of the latter, the rarefaction of the air within the 
linders at the extremities of the tube, in consequence of the heat 
‘bed by them, was proved to be equal by the coloured spirit 
remaining stati in the tube. (‘Journal of the Royal Inst.,’ 
December, 1831.) It is evident, here, that if the quantity of heat 
which radiated from the bright side of the middle cylinder were repre- 


1 
sented by th of that which issued from the coated side ; the bright side 


1 
of the eylinder at one extremity of the tube absorbed qth of the 


lattet quantity while the coated side of the cylinder at the other 
extremity absorbed all the former, that is, an equal quantity. 

The power of radiating heat is certainly the most universal mode of 
its pro ion between different particles of matter as well as through 
considerable spaces. However, it is usual, for greater simplicity, to 


part | designate this propagation through solid bodies as Pate an, » 04 of heat 


by contact, Poisson has shown in his memoirs on that subject, that the 
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general equations which express the law of the distribution of heat in 
solids may be derived from the internal radiation of the particles which 
compose ‘them, Whichever of these two views may be adopted, we 
are led to important physical distinotions between different h elie tt 
substances, viz. their conducting powers internally and ex 
we take two cabslepant 95 & pete ece of metal and of wood, at the same 
tem, ure a8 indicated by thermometer, when held in the warm 
the metal will feel pin than the wood, the heat of the hand 
being more rapidly absorbed by the metal, as being the better conductor 
of heat. Or if we place the extremities of a rod of copper and of 
glass in a fire, and hold with the hands the other extremities, the heat 
will be found to ascend rapidly through the metal and yery slowly 
through the glass rod, Though such plain observations are enpncianh 
to give a general idea that ies conduct heat differently, yet, to 
obtain exact measurements of conducting powers, it will be n 
to have a more precise idea, since such power is a constant coefficient 
belonging to every body in particular, and without the knowledge of 
which it would be impossible to compare the result of theory with 
observation. 

Newton remarked that, when two substances of vnegnel tempera- 
tures were placed in contact, the colder receiyed from the other in a 

ven small time a quantity of heat pre tional to the difference of 
or temperatures. This simple law n found to be not strictly 
correct, but is sufficiently so when the difference of temperatures is 
inconsiderable. If ¢ ¢’ represent the temperatures of two bodies of 
the same physical nature Lag in contact, and if we leave out of 
consideration the heat escaping by radiation from their surfaces, the 
quantity of heat Btintha neo» may, by Newton's law, be represented 
by 4 (t—t’); where the coefficient A is a constant peculiar to the given 
substance, and is proportional to the interior conductibility. 

If now we conceive the surface of the body to be of a uniform 
temperature, and subject to a current of air also of a uniform but 
inferior temperature 7, the loss of heat by a unit of surface in a unit of 
time indefinite] 
(t—t), where the coefficient H is proportional to the exterior con- 
ductibility under such circumstances, 

The exterior conductibility may be very different in the same hody 
by slight alterations in the smoothness or even colour of the surface ; 
it is by this antagonist principle.that heat acquires a permanent state 
corresponding to the different positions of the parts of bodies relatiye 
to the sources of heat and the rsing surfaces. 

The mathematical theory of the distribution of heat is founded on 
the principle that when a body has arrived at a permanent state of 
temperature the quantity of eat given out by any particle to the 
adjacent colder region must be canal to that received from the warmer 
particles near it, and conyersel For example, suppose a solid body 
to be contained by two ray: planes of indefinite extent, the ames 
plane being preserved by any means at a uniform temperature repre- 
sented by o,and the upper likewise preseryed at a uniform temperature, 
In this case it is easily seen that the temperature would be uniform in 
any section of the body parallel to its bases, but would increase from 
the lower plane: in an arithmetical progression to the upper, for with 
this law the temperature of any point of the body taken in the 
transverse direction will differ by equal quantities from the temperatures 
of any two points which are at equal distances, the one above and the 
other below it ; hence the flux of heat from the warmer region to this 
point is equal to that from this point to the colder. Though there is 
therefore a constant flux of heat from the upper to the lower plane, 
the distribution of heat has then acquired a permanency. 

In the above instance we have had no regard to the external con- 
duetibility through the sides by supposing the planes of indefinite 
extent, A simple instance will now be addueed in which we can show 
tes manner in which this consideration may be introduced into the 

culus, 

Suppose a thin cylindrical rod to he placed in a medium of which 
the temperature is constantly zero, while its extremities are maintained 
at constant but different temperatures. In this case the distribution of 
heat will follow, at equal distances along the rod, a geometrical 
progression, increasing from the colder extremity to the hotter ; for on 
this supposition the heat which would be retained by any section in 
consequence of the unequal differences of its temperature with those 
of sections similarly placed above and below it, if there were no 
radiation, will be pale lost by the external means of conduction, for 
it is a property of the terms of a geometrical progression that the 
second differences are proportional to the terms themselves; the heat 
which would be retained ig proportional to this second difference, and 
the heat externally emitted is proportional to the temperature itself. 
Thus this law, which renders the internal gain of heat equal to its loss 
externally, represents the law of its ent distribution. Those 
who are acquainted with the calculus of partial differences may find 
these principles applied, not only to the permanent distribution of 
heat, but to the laws of cooling in bodies warmed from any sources, 
and bounded by any surfaces, in the excellent work of Fourier 
(Théorie de Chaleur), and in the memoirs of Poisson, Libri, and others. 

The on of heat in liquids depends very little on an 
munication by contact. If we place a heated plate on the outuanal 
water in a vessel, but so as not to touch the edges, a Ae 
placed in the water will indicate little or no alteration of tempera- 


small will, by the same law, be represented by u }- 


fo which heat bas 
areas the iti dtd which Vag be 
what ene Ay as the base pan is of ee dha wich fe i 
and they it therfore ascend by be oe aire 


heavier take their places. 
The experiments which have been made to determine 
liquids are conductors of heat, consist in ane nay my a 
vessel half filled with the fluid whose power was to 
examined, a comntiiy of heated fluid of ic gra’ 
an agg ing used to a, the poy of pe two 
3 and it was constan 


sya less, if ; but here santas agp dy in 
experimen e effect o on gases is inerease | 
portionally their i , and this disturbing force produces 


temperature, when other forces, such as gravity, are not taken into 
consideration, and when the bounding surfaces are not 
Jemied to gouptens unequal tempe 

three modes oP ine aaa id hoo aellinane 
BS pag i cause of important phenomena in the distribution o 


climate. 

First the great mass of the earth, considered in refere 
parts, has an external source of heat in 
sun. biyshapmorings Kentely of Bile ben: io bansiwne sa Ge senna: 
between the cs, while the poles are at a tem| 
for the action ry the sea and atmosphere, would probably be that of 
space ; the internal heat of the spate wpuld in 8 Eames 
be distributed symmetrically relative to its centre, 
the surface, which would lose heat 


to the poles, forms a perennent pewaeynsee 30 r this 


inte 


with diurnal or annual variations of ee we r. J 


eon inc 


dope which we are a to oe for eed a any. 
increase of heat towards the centre, the same su’ I ) 
would occur on the supposition that the whole sols r system had been 


transferred into a region of space possessing a perature 
from that in which it srw «A morees but this yiew, which is purely 
eopamialaye, cannot be verified by 

ee ee ee i hud bo a be 
dan to equalise the temperatures of different latitudes, and 
suas dathe of ations Sidians raeh tn tna bod of the cen wonlds Pana 
same cause, produce currents warmer than the adjacent water. The 
elasticity acquired by ions of the air in contact with the warmer 
regions of the globe destroys the equilibrium of that fluid, and gene- 


rates winds of which the heat is communicated to the 
traversed, while the counter-currents, or cold winds, rush forward to 


tion, a limiting surface 1 
force prey 
aon 212° Fahy., the waters now occupying the bed of sho ae 
in a state of vapour, could have filled no more than the space 
between that limiting surface and the surface of the earth ; but the 

cold Lise pesoesliy conyert the vapour in the upper regions 


It has been suggested by Mr. Babbage, that a cause of a similar nature 
may have led #9 the rings and belts of the superior planeta. 

Most of the instruments constructed to measure heat are founded 
on its general tendency to produce expansion, but a few of them on 
other properties of heat. Besides the various thermometers, we may 
notice the calorimeter of Lavoisier and Laplace, in which an internal. 


chamber of a box is preserved at the temperature of melting ice, being 


constantly surrounded with that substance, guarded against the 
of the pe in a division of this chamber, a cell furnished with a 


vital due 


parts, so that the whole shortly acquires a uniform 
essentially sub- 


to its solid. 
from 


diminishing to 
by external radiation ; toe the. 
external source of heat alluded to, by producing a a flux trom the enann. 


——- 
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stop-cock, a is at any température, and remaitis until it . EXPANSION oF Lrquina, 

ceases to melt when the quantity of yi —— - [ cate , 
through the stop-cock is taken as a mmeastire of the y At 89° Fabr, At 212° F, [Expansiotis.| Authorities, 
given out by the body. This instrument is of ‘es th Beterentsg the aare u | STE 


Specific heats of substances, and the calculation of latent heat. For the | | 1,000,000 patts of mercury become 1,018,153 | 1in 55 | Regnault, 
D iter 


measurement of temperatures, see PYROMETER. % he i 1,046,600 | 1 in 21:3 
The dilatation of substances by heat is, in general, neatly propor- 5 oe Hi 1,080,000 | 1 in 125 | $ Dalton. 
tional to the increase of tem ure, except when they are about ‘s »  aleohol sy 1,111,000 | 1in9 


esi ’ is dimi 3 an’y | It will be seen from this last table, that liquids expand much more 
owing to the different arrangement assumed by its constituent particles | rapidly than solids, and differ in that property to a much greater 
et rete Bath it re on wane ¢ extent, the most volatile being the most expansible. 
value of the thermometer mainly depends on the assumption | “ ‘The amount of force exerted by the expanding or contracting of a 
equal increments of aaeun equal amounts of expansion. | }o4y under varying changes of temperature is equal to that which 
3 is not strictly the case; mercury, for example, in would be required to elongate or compress it to the same extent by 
the 10° between 30° and 40°, expands less than in the 10° between 200° | mechanical means. According to Barlow, a bar of malleable iron, 
and 210°, but it fortunately happens, that the increase iti the capacity ! ; BLE. ed 4 
of the glass capecially {€ ia ddketmctitbher be wads of crowil 1 square inch in section, is stretched jpogth of its length by.1 ton 
: weight ; a similar elongation is produced by a rise in temperature 
glass, very nearly compensates for the increasing rate of expansion in 3 
mercury. Between the arid points of water, the ther- equal to about 16° Fahr. The difference between the summer and 
é 5 ingore F 4 is | Winter temperatures in this climate is sufficient to cause an iron bar, 
not So exaee, In general, in all bodies, there is an increasing tate of fastened by its extremities to exert a strain of many tons on the 


expansion for increasing In the case of mereury, Reg- | Square inch. In engineering “and other works it is necessary to | 
nault found that between ae and 212°, its etindaiod Wa 1 O08 ; some provision for expansion and contraction. Instances of it are 


between ‘ iritef val familiar in the cracking of glass and cast iron: the sudden application 
iin on ine ro Bey aad iateryah: tb was 1 in O2 OL Oi head pwodaoeen sudiien dilatation on. thé suttnes, whieh is iden aay 
Platinum expands more equably than any other of the metals ; but gives | 4 it were from the interior and colder portions. The unequal con- 


expansi temperature traction due to sudden cooling may produce a similar effect. In the 
According to Dulong and Petit the sriceaas tn Clistation cf the toliswing application of solders and cements, regard must be had to the relative 


stibstances result of experiment :— : expansions of the solders and the bodies soldered. Iron, platinum, | 
hoe bs ‘, . Sah glate db Sob. greahip difer in their tates of axpanstiltty’ Gnd twease 


; 2 . those two metals may be soldeted into glass, whereas silver, gold, 
Materials employed. tere ox Beeween $7" Rewes 2* copper, and some other metals differ greatly in their rates of expansion 
and 212°, and 292°. and 572°. P tak 
: from glass, so that when soldered into it, they separate as the joint 
cools. 

Suasies pete g ; a Tees LB he ce i 2 iia Reference has been already made to the three methods concerned in 

Tron 5 > ~ ae lin 50760 1 in 40860 the equilibrium of tetiperature. But we may be allowed in this place 

Copper ea ee eb oP th oson8 1 in 31860 to state a few of the results of modern scientific enquiry on those 
Mercury: . s «| 1in9990 1 in 9605 1 int 9518 important processes. ; 

% ) « «| Lin 9915-7 | 1in9776. 1 in 9647°6 And first, as to conduction, Several distinct sets of investigations 

» inglass . «| lin 11664 1 in 11480 1 in 11972 have been made as to the relative conducting power of different solids. 


. Wiedemann and Franz (‘ Pogg. Annal.’ Ixxxix.) employed equal bars 

further found that the dilatation of teréury between 32° | of the substances, and exposed one extremity. of each to a uniform 

and 662° was 1 in-9582°7,. At high tem air i# more réliable | source of heat: the progress of the temperature along each bar 

than mercury, The temperature of b7%", os uieneuted by on aie was measured at intervals of 2 inches by means of a thermo-electric 

thermometer would, if measured by a mercurial thermometer be 586°, | atrangement. Their conclusion was, that the conducting power of 

4 considerably above their points of eon- | metals for heat proceeds in the same order as their electrical con- 

ariations of | ducting power. Calvert and Johnson (‘ Phil. Trans., 1858) employed 

; that from the freezing | two vessels of vuleanised India rubber on account of its low conducting 

to the boiling point of water they increase in bulk more than oné-third, | power, and passed in succession bars of metal (each 2°36 inches long, 
1000 parts at 32° 1366 at 212°. Rigid inquiry, however, by | and 0°393 inch square), through an opening in one of the sides of eac 

peer us, show that thé co-efficient of | vessel, into which it projected one-sixth of its length, the portion out- 

expansion is not strictly uniform all aériform bodies : the expan- | side and between-the two vessels being covered with vulcanised India 

sion is greater for those which are most ily condensable, but most | rubber. A given weight of cold water, sufficient to cover the bar, was 

H hich i can tf Practically, however, | poured into one of the vessels and the temperature carefully noted, 

statement that gases and | while into the other vessel was apy a given weight of water at 194°, 

expand by heat {ths of the volume at | that temperature being maintained for 15 minutes by the occasional 

92°, or about 7s for each of Fahrenheit. pa ates Do steam. apd temperature of the cise soe hi then 

: : taken, a comparison of its rise in temperature when of different 

It samuel oF ee enpent 7 that doubly refracting bt ean ti ‘ee | metals were employed, gave the relative conducting power, correction 


crystal of mine Pm pa ee, + leet 7 ' bp to 219° being made for the loss of heat by radiation and transfer from one 
? 


fro’ ; / 
elongates HN . | vessel to the other. The following table, based on these experiments, 
most’ in the direction. of the nae te and contracts in represents rather the order of conductability than the conducting 


case of liquids, solids er of the metals, for in order to obtain this, it would be nécessa 
for equal additions of heat ; zine expanding much | P) vrent the experiments with bars of the same metals of differen. 


more than iron, and iron more than glass, The total expansion of a ail 
oy | bye eye a ow fea pa the linear ion | N Mean 
- race ee the expansion in length and in bulk Rise in Temp.  Conduetability. 
certain solids een 32° and 212° :— Metals Employed, Centigrade Seale, —Silver=1000. 
é' Bilver so ee ue 8p BNOD 1000 
Anat Gold Ey gr ee SED 981 
1-000,000 Parts at | Become at | ™* ry Gold alloy fj. |. 26-80 840 
32° Fabr, 212° Fahr. In Length,| In Bulk. : Rolled copper + 6 + 26°95 845 
. Cast copper . ‘ ° : LLB te 
; +] reury «+ 21°60 
English glass. | 1-000,811 | 1 in 1248 | 1 in 416 | Lavoisier and Laplace. Aiacedl Filet Lid) Wa ito 665 
Glass tube (French) | 1-000,861 | 1 in 1148/1 in 382 Dolong and Petit, Rolled zine » 20°45 641 
Platinum = . - .| 1'000,884| 1 in 1181 | 1 in $77 ¥ Cadmium - « 18°40 577 
Palladitim. -. ,| 1°001,000}1 in 1000/1 in 933 Bar iron s 13°92 436 
Tempered steel 1-001,079 | 1 in 926 | 1 in 809 | Lavoisier and Laplace, Tin : 2+ 18°45 422 
SF pag Best tec Ear ho) see eee 
Semler: ; 46° | 1 in 28 and Petit, ay wi toni 
Bismiith , ; | 1-001,892 | 1 in 718 | 1 in 939 eee oo Care 365 
Gold. =. | 1°001,466 | 1 in 682 | 1 in 297 Cast tron” ‘ ins 359 
Copper ~~ =. «| 1-001,718 | 1 in 682 | in ada} yo Lead ‘se, tone Renae EEE 287 
Brass 5 4 = «| 1:001,866 | 1 bre 1 in 179 ihe Audmony se MUMS ads 915 
- + | 1:001,909 | 1 in 524 | 1 in 175 ex bint S94 
* 4} woorioa7 | 1 in 516 | 1ina72| | Laplace. we ee rate ' 2 
Lead + «| 1°002,848 | 1 in 351 | 1 in 117 
Wiss” | ss | 4008-049 | 1 in 840 | 1in 118 Of the metals employed in obtaiiing the above results the platinum, 
- : % : dy comes: alumitium, iron and sodium were commercial samples: the other 
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metals are supposed to have been chemically pure, and this is a point 
of great importance since the presence of small quantities of alloy 
greatly impairs the conducting power. The of carbon in 
iron, exerts a similar effect. ing silver at 1000, and bar iron at 436, 
steel was found to be 397, and cast iron 359. Mercury in the above 
table is stated too high; the result being probably influenced by 
convective currents which were not counteracted. 

It has been shown by De Senarmont (‘Ann. de Chimie,’ 3, Serie 
xxi. xxii.) that the conducting power of homogeneous solids, and of 
erystals which belong to the regular system, is uniform in every 
direction, yet in crystals which do not belong to a the 
conducting power varies in different directions with a ev tothe optic 
axis. For example, if a slice of quartz be cut parallel to the axis of 
the prism, and another slice cut at right angles to that axis, and a 
silver wire be passed through the centre of each plate so that the other 
ends may be heated in a flame, a film of bees’ wax smeared over each 
section will be melted differently when the wire is heated. In the 
plate cut across the axis, the wax will be melted in the form of a circle 
with the wire in the centre; while on the other plate the wax will be 
melted in the form of an ellipse, the long axis of which na with 
-the optic axis of the crystal, thereby showing the superior conducting 

wer in this direction than in tons at right angles to it. De la 

ive and De Candolle long since showed that wood conducts heat much 
better with the grain than across it, and Tyndall (‘ Phil. Trans.’ 1853) 
has proved that heat passes rather more rapidly in a direction from the 
external surface towards the centre than in a direction parallel with 
the ligneous rings, the greatest conducting power coinciding with the 
direction of greatest porosity and readiest cleavage. 

Heat is reflected from di it substances very unequally. The 
reflective power is greatest in polished metals, but they differ greatly 
among themselves. Out of 100 rays, according to Melloni, silver 
reflects 90, bright lead 60, and glass only 10: the remainder are 
absorbed. It has been estimated that the sun’s rays, in traversing a 
column of air=6000 feet high, lose one-fifth of their heat by absorp- 
tion. But Melloni was the first to make known the remarkable fact 
that the amount of heat absorbed by the same body varies with the 
source of the heat, with the exception of lamp black, which appears to 
absorb all the rays which fall upon it from whatever source, Melloni 
used as sources of heat the naked flame of an oil lamp,a platinum 
wire heated to redness in the flame of a spirit lamp, a sheet of copper 
heated to between 700° and 800° in a current of hot air rising from a 
lamp beneath it ; and a copper canister filled with boiling water. The 
ball of the thermoscope covered with lamp black, may evidently be 
omen ped he distance from each of these sources of heat that the 
iquid shall stand in each case at the same point, so as to indicate the 
same temperature, Noting these distances and covering the ball of the 
thermoscope with another substance instead of lamp black, the 
instrument will apparently receive different proportions of heat, 
although placed at the distances at which when coated with lamp black 
the heat appeared to be equal. For example, if the absorption of lam 
black from each source of heat be=100, the thermoscope coated wi 
white lead at the same distance from the naked flame as before 
indicated only 53. The following table will show the variations in 
this respect, or the relative absorbabilities of different kinds of heat, 


Naked Incandescent Copper at Copper at 
Absorbing Surface. “iame, Platinum,  750°F, 212° F? 
Lamp black . - 100 100 100 100 
White lead - « 6&8 56 89 100 
Isinglass ° - 653 54 84 91 
Indian ink, . 96 95 87 85 
Shell lac ‘ . 4 47 70 72 
Polished metal . . 14 13°5 13 13 


Melloni also discovered remarkable differences in the power of certain 
bodies to transmit heat through them. Those which were tt 
to heat he termed diathermanous or diathermic (from 8a thro and 
@epuos hot) while those which do not allow heat to pass are termed 
athermanous or adiathermic, Bodies that are transparent to light are 
by no means equally so to radiant heat. There is only one known 

id that approaches to perfect diath ,and that is rock salt, 
Colourless gases are diathermanous in the highest degree; but all 
liquids hitherto examined have considerable absorptive action on the 
thermic rays, A fuller notice of this subject will, however, be given 
under Rapiation. For other important divisions of our subject we 
refer to Latent Heat; Sreciric Heat; Steam; Dew; Evarora- 
Tio; Borttna or Liquips; Esvunirrion; Freezina; Cryornorus; 
and some other kindred subjects. 

Respecting the chemical of heat we give no details, seeing 
that no chemical operation can be performed without some disturbance 
of temperature or some alteration in the latent and specific heats of 
bodies. We cannot dissolve any salt in water without a disturbance 
of temperature, or combine or decompose substances, without similar 
and often very energetic manifestations of heat. 

We must however just refer to what is called the mechanical theory 
of heat, which has of late years excited revived attention in conse- 
quence of the experiments of Joule (‘“Phil. Trans,’ 1850) on the definite 
amount of heat developed by friction. The mathematical o! 


heat started by Carnot was favourable to Joule’s result, and has been 


revived by Clausius, Rankine, W. Thomson, and others. The reader 

in the subject will find an excellent resumé of the theory of 
the mechanical action of heat or thermo-dynamics by Professor 
Rankine in Nichol’s ‘Cyclopwdia of the Physical Sciences.’ The 
principle ait a to be established by this is as follows ;—that 
in all cases w. heat, a quantity of 
heat is used up effect produced ; and 
conversely that 
the : te 
from Joule’s experiments that the actual quantity of heat developed 


capable 

tem sage pieces i ‘ahr., 
requires for its evolution the expenditure of a mechanical force, equal 
to the raising of 772 Ibs. one foot, This is the mechanical equi 
of a unit of heat, and is known as Joule’s equivalent. Expressed in 
terms of the French metrical the heat capable of raising one 
gramme of water 1° C. is equi’ t to a force which would lift 423°55 
grammes through a height of 1 metre. But not only heat and motive 
power, but all other kinds of physical energy, such as chemical action, 
electricity, and etism, can be experimentally proved to be con- 
vertible and equivalent; that is, any one of these kinds of force may by 
its expenditure be made the means of developing any other in certain 
definite proportions. ‘ 

There are certain reservations to be made in using such words as 


heat and temperature, but our remarks on this subject had better be 


deferred until we come to speak of the method of graduating thermo- 
meters, See THERMOMETER. : 

HEBREW LANGUAGE forms a branch of that extensive family 
of languages known by the name of Semitic; a name which is derived 
from the real or supposed descent of the people who speak these 

from Shem the son of Noah. The Semitic — may 
be divided into three branches: the Arabic, to which the ic 
is closely allied; the Aramzan, consisting of two dialects—the - 
lonian or East Aramean (sometimes but erroneously called Chaldee) 
and the Syriac or West Aramean; and the Hebrew, to which the 


Pheenician and Punic are closely related. Of these the 
Arabic is the most copious, and the Aramwan the rest and least 
developed; the Hebrew holds an intermediate between these, 


being more than the Aramzan, and inferior to the Arabic. 
The Hebrew derived its name from the Hebrews, who date 
their origin from Abraham, who is called ‘the Hebrew’ )2)77) 
in Gen. xiv. 13. The etymology of this word is doubtful. A 
to the Jews it is derived from Eber ("QY), an ancestor of Abraham 
(Gen. x. 24, 25; xi. 15); but Gesenius and many other critics maintain 
that Eber cannot be regarded as a historical , and that his name 
has been invented in the same manner as the names of Ion, Dorus, 
ane &c., by the re to account dBi g vb Min ° 
It has been supposed with some probability name ebrew’ 
iginally ied to ignate all the Semitio nations west ot 
to have emigrated from Mesopotamia. 
rding to this etym: lg. etree valley wag the 
root ki ‘to pass over.’ appears to have been the opinion of 
the ri of the ip Se gg Gry os 18, ¢ Abram = 
Hebrew,’ by “ASpau r¢ vn, that is,‘ Abram the passer-over. 
the descendants of Abraham were, according to this view, originally 
called Hebrews ; and the name was only restricted afterwards to the 
inhabitants of Palestine. (See Ewald, ‘Hebrew Grammar,’ § 3; and 
Gesenius, ‘Hebrew Lexicon,’ under 929-) This name is never 
applied to the language of the Hebrews in the Old Testament; in 
Isaiah xix. 18, it is called the language of Canaan (732 DW); and 
in Isaiah xxxvi. 11, 2 Kings xviii. 26,2 Chron. xxxii. 18, and Neh. 
xiii, 24, the Judaic or Jewish language (YTV) The 
spoken in Palestine in the time of Christ is frequently called Hebrew 
(‘Efpaior!) in the New Testament (John y, 2; xix. 13; Acts xxi, 40; 
xxii. 2; xxvi. 14); by which the Aramwan is probably intended. In 
the writings of the Rabbinical Jews the Hebrew is generally called the 


‘holy language’ (SWTA 77). 

The Hebrew appears to have been formed in Palestine by a 
union of the ancient Aramman, which was brought by the Abrahamites 
from Mesopotamia, with the Phonician or Canaanitish, the 1 of 
the original inhabitants of the country. That the Phoni and 
Hebrew languages were very closely allied is evident from the Pha- 
nician names of persons and places, and from the specimens of the 
Phoenician 1 which we in coins and inscriptions. 

Handbuch 


f | (Bochart, ‘Geographia Sacra, b. ii. cc, 1-7; Bellermann, ‘ 


der Bibl. Lit., vol, i. sect. 56; Bellermann, ‘ Versuch einer erklirung 


> 
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der punischen Stellen im Pénulus des Plautus ;’ Dessen, ‘De Phe- 
nicum et Penorum inscriptionibus, Berl. 1810 ; Dessen, ‘ Bemerk. iiber 
phonizische und ische Miinzen ;’ Gesenius in an Excursus entitled 
“Uber die phéniz. und punische Sprache und ibr Verhiiltniss zur 
hebriischen,’ in his ‘Geschichte der Hebr. Sprache ;’ Gesenius, ‘ Ver- 
such iiber die malthesische Sprache,’ 8vo, Leip. 1810; ‘ Paliogra- 
oo Studien, iiber phéniz. und punische Schrift,’ 4to, Leip. 1835 ; 

Rénan, ‘Histoire Générale des Langues Semitiques, Paris, 1855 ; 
M.A. Levy, ‘ Phénizische Studien,’ chiefly relating to Pheenician inscrip- 
tions on gems, seals, &c., Breslau, 1858.) The long settlement of the 
Hebrews in Egypt, and their forty years’ wandering in the wilderness, 
must have an important influence upon their language ; but the 
number of Egyptian words received into it appears to have been 
small, 


Many critics have divided the history of the language into four 
iods :—I. From Abraham to Moses, II. From Moses to Solomon. 
IL From Solomon to the Babylonish captivity. IV. From the 
Babylonish captivity to its final extinction as a spoken language. But 
there are in reality only two periods in which any difference can be 
traced in the language; the first extending from the time of Moses to 
the reign of Hezekiah, and the second from the reign of Hezekiah to 
its final extinction as a spoken language. The language in which the 
Pentateuch is written differs so little from that of David, Solomon, and 
Isaiah, who lived many centuries after the time of Moses, that many 
critics, supposing it impossible that a language should have remained 
stationary for so many centuries, have maintained that none of the 
books of the Old Testament were written previous to the time of 
David and Solomon. It is not very easy to disprove this opinion ; but 
the remarks of Ewald on this subject appear worthy of attention. He 
observes in his ‘ Hebrew Grammar, § 7 (Eng. trans.), that “ the 
Hebrew language in the first four books of the Pentateuch, which con- 
tain records of unquestionable antiquity, partly by Moses or from his 
time, appears already, a few minutiz excepted, fully developed. 

“From Moses until about the year 700 it underwent two changes; 
for as the structure of the Semitic language is in general more simple, 
so also is it less changeable than that of languages of greater develop- 
ment, as Sanskrit; to which is to be added, that in that period the 
Hebrews did not experience those influences which materially affect a 

; they did not advance much in civilisation, were never long 
subjected to nations of foreign tongue, and lived almost entirely sepa- 
rated from all nations, especially from nations of foreign language. 
Their language, therefore, advanced little in development, but it also 
suffered little from corruption. There are, however, in those books of 
the Pentateuch some certainly important differences which afterwards 
disay ,and many differences of that kind have become less distin- 

ishable by us, because the more modern punctuation has treated all 
words according to one standard, and that the standard of the language 
at a late period.” The study of the Hebrew language appears to have 
been greatly promoted by the schools of the prophets, which were 
founded by Samuel; and it is to the influence of these schools that we 
are probably indebted for the lyric poems of David and the didactic 
and a poetry of Solomon. 

The conquests of the Assyrians and Chaldwans from about 3B.c. 720 
tended to introduce the Aramean lan into Palestine. It appears 
from Isaiah (xxxvi. 12) that the principal people in Judea, even in the 
reign of Hezekiah, found it necessary to study Aramean. The Ara- 
mean colonies (2 Kings, xvii. 24), which were planted in the kingdom 
of Israel to supply the place of the Israelites who had been carried into 
Assyria 0 te parr must have caused the spread of the Aramwan 

the northern parts of Palestine even before the destruction 
of the kingdom of Judah. The long residence of the Jews.in Babylon 
after the destruction of Jerusalem by Nebuchadnezzar, caused the 
extinction of the Hebrew as a spoken language, at least among the 
common people, After their return to Judea, according to the edict 
of Cyrus, it appears from a in Nehemiah (viii. 8), {that the 
common people did not understand the Scriptures when read to them 
in the Hebrew 1 But Hebrew continued to be spoken by the 
uw classes for a considerable time after the Babylonish captivity. 
prophecies of Haggai, Zechariah, and Malachi, who lived in the 
latter part of the 6th century, are written in tolerably pure Hebrew. 
The inscriptions of the coins of the Maccabees are in Hebrew ; and the 
Hebrew language does not appear to have been discontinued in writing 
and conversation among the upper classes till the century preceding the 
birth of Christ. 

But the Hebrew, from the period of its extinction as a spoken lan- 
guage, has been always more or less cultivated by the Jews. After the 
destruction of Jerusalem by the Romans, numerous schools were 
established by the Jews, in which their language and literature were 
tatight. Of these schools the most celebrated were those of Tiberias 

Babylon. The Mishna, which contains the traditions of the Jews 
eee eations of the Scriptures, is supposed to have been com- 
piled in the latter part of the 2nd or the beginning of the 3rd century, 
by Rabbi Jehuda. The Mishna was considered from this period one 
of the principal works of Hebrew literature, and the rabbis of Tiberias 
and Babylon wrote numerous commentaries upon it. These commen- 
taries were at length collected into two separate works, and entitled 
the Jerusalem and Babylonian Talmuds. The Jerusalem Talmud 

to have been compiled in the 3rd or 5th century, by Rabbi 
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Jochonan ; and the Babylonian Talmud in the 6th century, by Rabbi 
Asci. Each Talmud is divided into two parts: the Mishna, or text; 
and the Gemara, or commentary. The‘ Mishna’ has been edited by 
Surenhusius, 6 vols. fol., Amst., 1698. The Babylonian Talmud was 
published at Berlin and Frankfort, 12 vols. fol., 1715; and the Jeru- 
salem Talmud at Amsterdam, fol.,1710. ‘To the same schools we are 
also indebted for the system of punctuation and accents which we have 
in the Hebrew Bible, This system, which no.doubt represents faith- 
fully the traditional interpretation of the Scriptures and pronunciation 


of the language by the Jews, is entitled Masora (T7104), that is, 


“tradition.” It is uncertain how long the school of Tiberias lasted ; 
but the Babylonish school was broken up by the Arabs A.p. 1040, after 
along period of prosperity, and most of the scholars took refuge in 
Spain, where they founded schools in most of the principal cities. 
These schools produced a succession of writers, of whom the most 
celebrated was Maimonides [Marmon1pes, in Brog. Drv.], who lived at 
the latter end of the 12th century. After remaining in Spain for 
nearly four centuries, they were banished by the Christians in 1492. 
“The Christians paid very little attention to the Hebrew 

before the Reformation. The publications of the Buxtorfs in the 17th 
century tended to diffuse the language among Christians, but their 
works contained no philosophical views of the language, since they 
implicitly followed the decisions of the Masorites. The Grammar of 
Schultens, which appeared in 1731, and which may still be consulted 
with great advantage by Hebrew scholars, contained a much clearer 
development of the principles of the language than the Buxtorfs had 
given. His knowledge of Arabic enabled him to compare the forms of 
that with the Hebrew, and thus to draw the attention of 
scholars to the important fact, that the study of the cognate languages 
is necessary to obtain an accurate knowledge of Hebrew. But the 
publications of Gesenius and Ewald, in the present century, have done 
more to facilitate the acquisition of the language than the works of all 
preceding writers. 

It a that the language of a country, which was divided 
both physically and politically into several parts, must have contained 
various dialects; but this cannot easily be proved, since almost all the 
Hebrew writers belonged to the kingdom of Judah. The language of 
Galilee and the northern parts of Palestine appears at all times to have 
inclined to the Aramzan; in the time of Christ, the Galilean dialect 
differed from the language spoken in Judea. (Matt. xxvi. 73.) In 
the book of Judges (xii. 6), the pronunciation of the Ephraimites is 
distinguished ; and many critics think that they can discover traces of 
the northern dialect in the song of Deborah. (Judges, v.) 

Few literary subjects have occasioned greater discussion than the 
letters, vowels, points, and accents of the Hebrew language. But with 
regard to the letters it appears probable, that the present square 
characters in which Hebrew is written were not employed previous to ~ 
the Babylonish captivity, but that the Phonician letters were used, 
which are still preserved with a slight alteration in the Samaritan 
alphabet. According to the Jewish tradition, the present square 
characters, which belong to the East Aramean language, were first 
introduced by Ezra when he revised the canon of Scripture; but they 
could not have been universally adopted till a later period, since the 
Samaritan Pentateuch, which was not introduced into Samaria till 
after the Babylonish captivity, was written in the ancient character, 
and the coins of the Asmonwans in the 2nd century before Christ also 
employ the same character, It is difficult to say when the change was 
introduced. It has been conjectured that the square characters were 
in use in the time of Christ, from his referring to the letter yod as the 
smallest letter in the alphabet; a fact which is true of the present 
Hebrew alphabet, but would not apply to the ancient Hebrew or 
Pheenician alphabet. 

It is a characteristic of the Hebrew language, according to the 
system of most modern Hebrew grammars, that the alphabet consists 
only of consonants, and that the vowels are expressed by means of 
small points placed above and below the letters. The antiquity of 
these points has occasioned great controversy among the learned. 
Some have maintained that the points are as ancient as the letters, and 
that both the points and letters were taught Moses by God himself ; 
others, that the points were first introduced by Ezra when he tran- 
scribed the Scriptures in the present square characters; others, that 
the Hebrews had originally three vowel points, a, i, and 0, answering 
to the three letters SN. », D, and that the present system of punctuation 
was not introduced till the time of the Masorites; but it is now 
generally considered by eminent Hebrew scholars, Gesenius,*Winer, 
Ewald, &c., that the whole system of punctuation was first introduced 
by the Masorites, of whom some account has been given above, perhaps 
as eatly as the 6th or 7th century, and certainly not later than the 
10th or 11th. It appears certain from many circumstances that the 
Hebrew letters were originally written without points. They are not 
found in ancient Jewish coins and inscriptions; they are not once 
mentioned or alluded to in the Talmud; they appear to have beeri 
unknown to Origen and Jerome; the ancient versions, such as the 
Chaldee paraphrases of Jonathan and Onkelos, and the Greek trans- 
lations of Aquila, Symmachus, Theodotion, and the Septuagint, must 
have been made from Hebrew manuscripts without points, since the 
frequently give a different interpretation to the words from that whic 

by 
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must mean according to the present system of punctuation; and 
it ia allowed that all the other itic had anciently no 
ints. The best arguments on both sides of the question are given in 
torf's ‘ Tiberias, sive Commentarius Masorethicus,’ 4to, 1620, in which 
the antiquity of the points is maintained, and in Capellus’s ‘ Arcanum 
Punctationis revelatum,’ 4to, 1624, in which their antiquity is denied. 
Further information on the subject will be found in most grammars. 
ee of accentuation depends on that of points, and was in all 
probability introduced at the same time. The accents mark the 
relation uf one word - another be | sentence, and Bar anv on oe 
rtant in the syntax ¢ language. Many scho ve 
prices the t 5 leas ; but one of the most eminent 
Hebraists of the present day remarks (Ewald, ‘ Hebrew Grammar,’ § 642, 
Engl. Tranal.), “ We everywhere find a beautiful harmony between the 
accentuation and the syntax, so that they mutually support and explain 
each other, Whether we set out from the syntax, and learn to com- 
prehend it without knowing any thing of the accentuation, or whether 
we from the aecentuation to the syntax, an accurate investi- 
gation will always lead to the same results, so that he who thoroughly 
understands the syntax is for the most part clearly possessed of the 
accentuation also, and he who understands the latter becomes through- 
out more easily at home in the former, This is, however, at the same 
time the best commendation of the accentuation.”. We must distin- 
guish, however, the accentuation of the historical and poetical books, 
The remarks of Ewald apply only to the accentuation of the historical 
books. Many of the accents in the poetical books serve the same 
purpose as those in the historical; but the greater part were intended 
to indicate the tone according to which the Scriptures were chanted in 
the synagogue. The accents are explained with great clearness in 
Stuart's ‘Hebrew Grammar,” - 

HEBREWS, EPISTLE TO THE, a book of the New Testament. 
The absence of the initiatory formula usual in the apostolic epistles 
has led some to doubt whether this book is an epistle or a dissertation. 
But it contains allusions to icular circumstances, which prove it to 
be an epistle (v. 11, 12; vi. 9, 10; x, 32-34; xiii, 19, 22, 23). The 
general opinion r ing the persons to whom this Epistle was 
addressed is that they were the Jewish converts in Jerusalem or 
Palestine generally. is opinion, as Michaelis has shown, is sup- 
ported by the contents of the book itself. (Marsh's ‘ Michaelis,’ vol. iv. 
pp. 193-7.) Others suppose it to have been addressed to the Jews of 
Asia Minor, and Dr. Noesselt contends for its having been written to 
the Thessalonians. Concerning the language in which this epistle was 
written critics have been much divided ; some supposing that it was 
written in Greek, and others that it was written in Hebrew and trans- 
lated into Greek. The latter opinion was held by Clement of Alex- 
andria (who states “ that it was written by Paul in the Hebrew language 
for the use of the Hebrews, and that Luke translated it for the benefit 
of the Greeks”); by Eusebius, and by other fathers; and is strongly 
advocated by Michaelis. The other opinion is supported by Lardner, 
Macknight, Rosenmiiller, Professor Stuart, and most modern com- 
mentators. 

The author of this Epistle is equally uncertain. The general voice 
of tradition assigns it to the apostle Paul, but it has also been ascribed 
to Barnabas, to Luke, to Silas, and to Apollos. 

In the first ages of the church it appears to have been generally 
considered as a production of the apostle Paul, though great doubts 
were very early entertained on the subject. In the Alexandrian church 
we have the testimony of Pantenus (4.p. 180) to its Pauline origin, as 
well as that of Clement, in the passage quoted above, and in other 
parts of his writings. These testimonies are preserved by Eusebius 
(‘ Hist. Eccles.,’ book vi. c. 14), Eusebius also quotes a passage from 
Origen (Zbid., c. 25), which has been variously understood, but which 
seems to imply that an objection had been raised against the Pauline 
origin of the epistle from the superiority of its style to that of the 
acknowledged Epistles of Paul, and that to meet this objection Ori 
supposed the sentiments to be Paul's, but the diction that of some other 

m, a disciple of Paul. But he adds; “If any church therefore 

ld this epistle to be Paul's, let it receive commendation for this. 
For it is not without reason that the ancients have handed it down as 
Paul's.” In Origen’s own writings it is frequently quoted as being 
written by Paul; and after his time the Alexandrian fathers unani- 
mously ascribe it to the same apostle. Turning to the Eastern church 
we find in the writings of the fathers, which are thought. by 
some to be indirect quotations from this epistle. The earliest direct 
testimony is that of Eusebius, who mentions fourteen epistles as being 
clearly and certainly Paul's, but adds that “some have rejected that 
which is written to the Hebrews, alleging, with the church at Rome, 
that it is spoken against as not being Paul's.” He frequently cites it 
as written by Paul: The Western church seems to have been grea' 
divided on this subject from about the close of the 2nd to the middle 

of the 4th century, when Jerome states that the Epistle was received 
as Paul's by all the Greek and some of the Latin churches, though 
rejected by most of the Latins, who ascribed it to Barnabas or Clement 
-of Rome, but held it in high esteem, and read it in their churches. 
Jerome himself, and Augustine, constantly refer to it, sometimes as an 
apostolic production, and times as St. Paul's. Their authority 
appears ~4 > to have established the belief in its Pauline origin 
among the Western churches, The modern advocates of the same 


[7 


inion have attributed the doubts which prevailed in the Western. 
at the end of the 2nd century to the disputes with the Mon- 
in support of some of their opinions, 


paige v8 Peter ith 16, is Sageg Op a ee Pee 
the Hebrews. 


the peter empl 
between this book and St. Paul's 
amples see Prof, Moses Stuart’s ‘Commentary on the Hebrews,’ Introd., 
sects. 20-24, and Horne’s ‘ Introduction,’ vol. iv., p. 415, &¢., ed. 1834.) 
The chief objections against the Pauline origin of the epistle are drawn 
from the absence of the usual address at the beginning, the superiority 
of the style to that of Paul’s acknowledged epistles, and the resem- 
blanee between its style and that of the Alexandrian school. The 
ints above stated are discussed with ability and candour by 
Prof. Moses Stuart in favour of the Pauline origin of the epistle, and _ 

Prof. Bleek (‘Der Brief an die Hebriier’) on the other side. On 
the whole, the arguments of St. Paul being the writer seem to be 
eon i hich assign the authorship to Barnabas, Apollos, 
e opinions w 4 
Luke, and Silas, rest on very slight grounds, TTse atconal of theese 
first started by Luther, a conjecture founded on the resemblance 
which the epistle bears to what we might expect to have been written 
on ake eueehpnwe of the character given to Apollos in Acts 
xviii, 24-28. ; 

The date depends partly on the settlement of the former question. 
The internal evidence of the Epistle shows that it was written while 
the temple at Jerusalem was standing (see viii. 4-5; ix. 9), and pro- 
bably not long before its destruction in a.p. 70. If Paul was the 
author, it was probably written during his first imprisonment at Rome, 
and immediately before he was released (see xiii. 18, 19, 23). Accord- 
ingly most critics refer it to a.p. 61 or 62; some say A.D. 58, 

The canonical authority of this Epistle depends partly on its author- 
ship; ben aige Sree vt other grounds. It is repeatedly quoted 
by Clement of Alexandria, and apparently by Barnabas, Hermas, Poly- 
carp, Ignatius, and Justin . It is contained in the Peshito 
Syriac version, the date of which is not later than the 2nd century, and 
in the old Latin versions made about the same period. From that 
time the questions of the canonical authority and the authorship are 
very much mixed up together. 

The design of the writer of this Epistle appears to have heen to 
sustain the faith of those to whom he wrote, while they were suffering 
under persecution and inclined to apostacy. After urging them to the 
practice of various Christian duties, he concludes with the usual 
salutations. In warmth of feeling, elegance of language, force of 
argument, this epistle yields to no book of the New Testament. 

The separate commentaries on this book are extremely numerous. 
Among the more recent are Barnes's ‘ Notes, Practical and a~ 
tory,’ 1843 ; Tholuck’s ‘ Commentar zum Briefe an die Hebriier,’ 1840 ; 
the ‘ Commentar zum Briefe an die Hebriier,’ 1858, of Delitzch. In 
Kitto’s‘ Cyclopedia of Biblical Literature,’ a list of commentators 


is given. 
HECATE, one of the ancient Greek divinities, the daugh’ 
Titan Perses and Asteria, according to Hesiod (‘Theog.,’ fu, but 


others give to her a different paren’ 

originally a Thracian deity, and regarded as a Titan of unusual powers. 
ystic goddess, and identified, more or less, with several 
ancient Greek deities, but her attributes correspond in most respects 
with those of Artemis ; and it has therefore been conjectured that she- 
may originally have been the same as Artemis, Her name, the feminine 


much respect 
families and children. She was greatly venerated * 

of Aigina, who held a festival once a year in honour of her ; 
said to have been instituted by Orpheus, (Pausan., ii. 30.) Repre- — 
sentations of her are very numerous, Sometimes she appears as a 
three-headed being, attended by the Stygian dogs; sometimes with 
three bodies, when she is the same as the Diana Triformis of the 
Romans (Virgil, ‘ in.’ iv. 511). We give an engraving of Hecate (or 
Diana Triformis), from a yotive statue, 2 feet 6 inches high, in the 
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HEDGE, one of the most lasting and effectual of our fences. When 


: 
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British Museum. Statues of this kind were placed in towns and 
villages where three roads met. The figures held various symbols, as a 


hedges have been well made, and are kept in good order, nothing can 
surpass them, well-built stone or brick walls, and even these 


being cut off and the side branches shortened, 
numerous smaller branches spring out, which are shortened in their 
very compack mass, consisting of the ends of 


3 
: 


‘or 
Tees on ths seat by far the best 


tn forning © boll hedge the should be hin, 
a holly- trenc! 
and abundant mantring ! the should be carehlly 


case 
late in the evening, or early in the morning. By a little attention to 


Se ee cements Oey il form & Oe Samien goyeral yeas eccuae ad 


those which are- comparatively neglected. The plants which are 
ually put ict ate three yesre old; but they could be transplanted at 


‘ 


once from the seed-bed, they would sooner come to perfection; and 
by being cut down and pruned earlier, would lay the foundation of a 
and better hedge. Next to holly, as forming a close and 


le hedge, is the yew: it bears very close clipping, and forms a 


thick hedge and good shelter all through the year. For gardens and 


nursery-grounds, where shelter and occasional shading are required, 
the yew-h is erred; but in all places where cattle are put to 
never be permitted to grow. Many valuable 


grew 
reject food which is hurtful, they greedily eat the yew leaves in spring. 
The same may be said of box. 

The various kinds of thorns are peculiarly adapted to form hedges, 
are consequently by far the most common plants of which a 
live is formed. . 

For high hedges and strong fences the hornbeam and a variety of 
the beech which throws many branches from the stem are extensively 
used in old gardens, where geometrical figures and numerous angles 
are admired. 

Where it is desirable that the hedge should arrive very rapidly to 
such a size as to be a good defence against cattle, elder may be planted. 
Elder grows very rapidly,.and throws out many long hollow branches, 
which soon become hard, and are admirably calculated for a fence, and 
cattle will not eat the leaves; butit is never very close or ornamental ; 
and as it requires to be cut down frequently, it displays very unsightly 
knots and stumps when it has uired a certain age. 

Sweetbriar is ornamental, and forms a good fence against sheep. It 
is chiefly confined to flower-gardens and enclosures in pleasure- 


Many other shrubs might be named, such as the Pyrus japonica, 
which is prickly, grows close, and bears a beautiful flower. It is as 
hardy as any native British plant, and will bear cutting and training as 
well as any of them. Hitherto no hedges have been made of this 
shrub, ere eee ee ve there is no 
doubt that if many young plants were wanted for hedges, they would 
soon be uced at a reasonable price. 
growing shrub, which is 


g 


wh 
is to insert, in the early of the spring, a row of quick 
of the bank, on a rea A garth the surface of the ground, 
sod has been turned over, and forms the base of the bank 
by the earth taken out of the ditch. This quick requires to be 
protected from cattle or sheep by some fence. [Fxncx.] Sometimes 
ick is planted in two or three parallel rows on top of the 
bank, which in this case is made much wider, with a ditch on each 
side. A double fence in such case is necessary for its complete pro- 
tection. When the quick is planted on the top of the bank, the purine 
sods are reserved to lay at the top; and after being broken and 
cho to pieces, are dug into the bank. Stable-dung is frequently 
dug in at the same time, and is well bestowed: the quicks are then 
inserted, and well watered. They never fail to come up luxuriantly ; 
and when properly pruned they form a close and impenetrable hedge. 
Many think that it is advantageous to prune and cut down the 
shoots every year, in order to excite them to throw out fresh 
number. But this is an error, by which the growth of 
the hedge is much retarded. The shoot should be allowed to grow to 
its full extent the first and second year; the root will then have struck 
deep into the ground ; and in the third or fourth year the quicks ma; 
be cut = to a few se yo They will then send out several ond 
strong shoots, which may be cut and pruned to the height and wi 
of the intended r 
In Holland and Flanders the hedges are often trained along stakes 
and rods placed for the purpose, and tied together with osiers, In 
this case every slender branch is Se ee Oe Ot ae 80 
as to cross each other frequently, and the redundant shoots which 
cannot be conveniently tied in are cut off. These hedges, when in 
leaf, look very close and light, and take up very little room; and birds 
can seareely harbour in them. It appears at first sight that much 
eS ae ws euis belen ee 3 but this is by no means 
proper height they only 


In forming a hedge it is necessary to take into consideration the 
quality of the soil, the aspect of the bank, and whether the land is 
porous, or very retentive of moisture. In the first case it will be 

lant quick in the side of the bank, raising the 
keep in the moisture. A | may be e by 
at a couple of inches from the edge of the ditch. 


u 


have once grown to 


. | Tequire to be regularly clip 
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The water which may fall on the bank and run down the smooth side 
is arrested by the ledge and soaks into the roots. In the other case 
the top of the bank is the , and a small concavity may be 
given to it to retain the water keep the roots moist. 

In a dry soil which does not require draining, ditches are unneces- 
sary, and it is much better to plant a hedge on a little bank formed by 
a few sods about eighteen inches wide, with a small water-furrow on 
each side, The whole width need not be above two feet six inches, 
take up at least six feet, and the plough 
a foot from the edge of the ditch or the bank. 
Thus eight feet are taken up by the fence. 
left uncut for several years, it grows wide 


recommended by all those who 

give directions about cutting hedges. Portions of the stems are often 
left of a greater length than the rest for the purpose of holding the 
bushes, whieh are generally laid over the cut stumps to protect them 
— cattle. But it is better to cut the hedge regularly, one row 
ose to the ground, and one a few inches longer ; this will en 
the foot of the hedge, and prevent its being thin and hollow at 


When a hedge has become old, and many of the plants are decayed, 
it is very difficult to renew it. If young quicks are planted on the 
same spot, they will scarcely ever succeed, unless great precau- 
tions are taken. The soil is exhausted or deteriorated, and must be 
renewed; but manuring is not sufficient; fresh earth is required for 
the new quick. The simplest process is to level the old bank, spread 
the earth of which it was formed, which will be of great use to the 
a it is spread, and form a new bank in the same place 

earth taken elsewhere; or, where it can be done without incon- 
venience, it is better to make an entirely new ditch and bank, and to 
fill up the old. This is perhaps the surest as well as the soonest way of 
having a new hedge which will be permanent. 

What has been said < cg 2 hedge is equally — 
repairin ps in an old one. It is of no use to put in young plants 
in the old bank. The earth must be removed, and fresh earth put in 
its place. The old hedge must be cut and trimmed, so that the yo 
ney Sac ohn wpe and in that case the gap will shortly be fill 
up, and hedge be restored as a continuous fence. Where the gaps 
are very small, and the hedge is not cut down altogether, it may some- 
times be advisable to plant hollies or other plants, which will grow 
Well saeme pie ranye ek effectiv the ch 

managed are the most ive fences, the , 
and the most pleasing to the eye. It is to the hedge-rows that England 
owes much of its garden-like appearance; but the trees, which are 
their chief ornament, are very destructive of the hedge as a fence; 
and where trees are planted it would be much better if they stood 
within the bank, without interfering with the hedge. Whether trees 
can be allowed in hedge-rows, in a perfect system of agriculture, is a 
— which we =e not ae answer. : 

ere is a method of repairing hedges which is called “ plashing” 
(pleaching). It consists in cutting half through some of the stems 
near the ground, and then bending the upper parts down in a hori- 
zontal or oblique position, keeping them so by means of hooked sticks 
driven into the bank. Thus a live h is made, which fills up the 
gape in the same manner as a dead h would have done, the 
t stems soon throw out shoots, If the stems are young, and not 
above the thickness of a finger, an excellent hedge may be thus formed, 
which, when clipped, will be close and perfectly impervious. But the 
work is generally done in a very injudicious manner. 
is plashed which has been long neglected, the thick stems, which are 
hacked through, leaving only a small 


maxim of “cutting up,” so strongly 


bending the twigs is an excellent practice ; but when the stems 
are thick and old, the. only remedy is to cut them down, or make an 
entirely new bank well planted with quick. 

HEIGHTS, MEASUREMENT OF. There are three very distinct 
ways by which heights may be measured. The first is by observation 
of the angles of elevation of objects, su their distances to be 
known, which is explained roughly in works on trigonometry and men- 
suration, and with more precision in those on geodesy. [MENsURATION. ] 
The second serves for the measurement of heights in cases where not 
only the height of a summit is required, but also that of the slope 
which leads to it, at different distances from the summit; and this is 
done + mea wd level. Perio The third, which we 
propose here to describe more partic is accomplished by means 
of the barometer. (Banomeren.] We ide also refer to KY fourth 
method, on the diminished temperature at which liquids 
boil under i 
method, see Bottrxe or Liquips, 


pressures ; for the experimental details of this 
If we ascend with a barometer through any height, the weight of 


the column of air which presses on the instrument is diminished, and 
the ise, namely, the column of mercury under the vacuum, 
must likewise; that is, the mercury must fall. The amount 
eee Cee ee ees oe ween Ue See 
between the two is perfectly ascertained, may be made the means 
of determining it. If the tem at the h and lower station 
were the same in all places and at all and if the force of gravi 

were precisely the same at all its, one formula would serve for 

times and for different places, if the height of the barometer remained 
always the same at the same height above the sea. In such a case, one 
observation made in London a hundred ago, combined with one 
made at Quito in the present time, serve to determine the dif- 
ference of level between those two places, And even as it is, the mean 


height of the barometer at the two places, when known, could be made 
4 to fistermtine the pane But when only one or two observations can 


pane connected with the solution of the problem more intricate 
they would otherwise be, 

\\ If the temperature were unaltered during the ascent, and the force 
of gravity also remained uniform, the logarithms of the atmospheric 
pressures corresponding to different altitudes would decrease in arith- 
metical proportion as the altitudes themselves increase in arithmetical 
proportion ; that is, the density of the atmosphere decreases in a 
geometric progression, as the heights increase in an arithmetic progres- 
sion. Thus if at altitudes 0 and A the logarithms of the pressures 
were k and k—/, at an altitude 2 / the logarithm of the pressure would 
be kK—21, and soon. And since the it of the barometer is pro- 
portional to the pressure for the time being, this would lead to an 
equation of the form - 

= ¢ (log. h — log. h’); 


where z is the difference of altitudes at two stations, and h and h’ the 
heights of the mercury at the lower and upper stations. 

e constant c might be determined either from theery or actual 
measurement; for if 4 and h’ were known in any one case, and 
also z by trigonometrical or other measurement, ¢ might be deter- 
mined, and being independent of z, h, and h', would then be known 
in all cases. But in truth ¢-is not to be thus determined, for 
though independent of / and h’, it varies with temperature, the force 
of gravity, &c. 


1, If the temperature either of the or lower stations be not 
the same in different observations, the multiplier c will be of one value 
or another, depen on the tem: ; 

2. If the mercury be not of the same temperature at all times, its 
= ad gertion bic est des ere iven column of it will not represent 

e same atmospheric pressure at all times. 

8. If the force of gravity be taken into account, the taken 
off by the ascent will be a larger proportion of the whole 
than was supposed in the investigation of the preceding formula, since 
it is taken from'the part of the atmosphere where the force of gravity 
is greatest. This is independent of its greater weight as being taken 
from the densest part of the atmosphere. The latter circumstance 
has been already taken into account in the formula, and from it 
comes the law that the logarithms of the pressures diminish in arith- 
metical progression, since the pressures themselves would diminish 
in arithmetical progression if the density of the air were the same at 


all heights, : 
4, Bessel has recently shown that another correction must be 


ue,’ 
also Bessel’s correction are given in the 
same work by Plantamour, for 1852. 

We now to describe two formule made on t differences 
of hypothesis as to the element of the problem about | we know 
least, namely, the law of variation of the temperature of the atmosphere. 
The first formula, which is nearly in the form “ge by Laplace, is 
taken from Poisson's Mechanics, and supposes that the air intermediate 
between the higher and lower stations may be treated as if it had 
throughout the mean between the temperature of the two stations, 
The second, taken from Lindenau’s Barometric Tables, is on the sup- 
position (which was also made by Euler and Oriani) that the tem- 
perature of the air diminishes in harmonic progression through a series 
of ts increasing in arithmetical Rose. 

Let A and /’ be the heights of the repped. 2) mpeg el 
stations; ¢ and ¢’ the temperatures of the air; 7 and 1 those of the 
mercury (ascertained by a thermometer whose bulb is in the aie 
r the radius of the earth, and A the latitude of the place, All the 
temperatures are in degrees of Fahrenheit, Let 


t+t’—64 
900 


=e (log. h—log. k). 
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Then itself is a near approximation to the number of yards in the 
difference of level between the two stations; but if a more exact one 


be required, it may be found by calculating (using z itself as just 
found) 


2 


=e (og. log. b+ 210g (i+ :)) (1+ =) 
When the lower station is at a great distance from the higher 
on the earth’s surface, then five-eighths of = should be used instead 


of =in the last formula. 

The second formula, by M. Lindenau, is as follows, the letters 
meaning the same things as before; but the degrees are those of 
Réaumur’s thermometer, and the distances are expressed in toises. 
The toise is 2°1315308 English yards, and a reading of Réaumur is 
reduced to one of Fahrenheit by the following formula :— 


Fahr. =82° 7 Réaum. 
t+ (t—¢P 


00 ~ 160000 
w=! (i- be) 


number of toises in the difference of elevation of the 


Let c= (1+ ) x 9442 ; 


Then the 

stations is 
¢ (log. H — log. H’), 

The formula which has been generally used is of the form 


2=@ (1+ uf) (log. h — log. h’) ; 


and the following are the constants a and b used by the observers 
whose names are mentioned, all reduced by M. Lindenau to those values 
hich 


wi they should have when the thermometer is Réaumur's and the 
result in toises :— ~ 
Ramond a = 9437 6 = 400 
Trembley a= 9401 b = 361 
@ = 9388 b = 362°2 
a = 9400 b = 366°6 
Deluc a = 9220 b = 3964 


Leshan are the most exact formule for computing the heights 
required. The Prof. 


sum of the heights o: 

so is 52,000 to the approximate heigh English feet.” Lastly, the 

most complete accounts of this subject will be found in Schumacher’s 

* Astronomische Nachrichten,’ band xv.; by Bessel, and in Biot’s 

* Astronomie Physique,’ tom. iii. Prof. Littrow has given in the first 

volume of the ‘ ical Society’s Transactions,’ a very beautiful 
which di with the use of logarithms. 

HEIR, by the law of England, is he who succeeds by right of blood 
to the real property or lands, tenements, and hereditaments of the 
owner, desi by the correlative term of ancestor, not 
given away from him by will. The English law which determines 
the succession to , when uncontrolled by local custom, 
is contained in the statutes of ibutions (22 & 23 Chas. IL., c, 10; 
29 Chas. IL., c. 3; and 1 Jac. IIL., c, 17), which are founded upon the 
erate alah The persons so entitled are not called 

but next of kin. 


The several rules of descent which regulate the right to succeed to 
real property spring from the system of feudal tenures, but have been 
somewhat modified by the statute of 3&4 Wm. IV.,c. 106. [Descent; 
Entatt; Estate; Fevpa System.) 

Heir-at-law, or heir-general, is he who succeeds according to the 


| 


rules in the article Descent, where there is no will of his 
ancestor and no instrument which determines a jal course of de- 
scent. Heir-special is he who succeeds in the pointed out by 


some instrument which determines such special course of descent. 
a) Heir is he whose right of inheritance is inde- 
, provided he outlives his ancestor; as the eldest son. Heir- 
eee ye 2 be who, © his ancestor should die immediately, would 
the present circumstances be his heir, but whose right of inheritance 
may be defeated by the birth of some nearer heir; the brother or 
nephew of a man w 9 betn0 ee eee Heir by 
custom is he whose right as heir is determined by certain customary 
modes of descent, which are attached to the land. (Descent; Cory- 
The expen hire by d has also been 
e levise” sometimes used, 
though such are not strictly heirs according to the English law ; but 


have been so called inaccurately after the heres factus of the Roman 
law. 

The rules of the civil law upon the subject long prevailed in Scot- 
land, both in principle and practice. But various alterations have 
been made in the Scotch law of inheritance, and now the different 
descriptions of heirs are far more numerous than in either the English 
or the Roman law. Heirs-at-law are called heirs whatsomever. Heirs- 
in-tail, heirs of tailsie, and heirs of provision differ little in their nature. 
There are also heirs active, heirs by conquest, heirs of line, heirs 
passive, heirs male, and heirs portioners, the particular distinctions 
between each of whom it is not necessary here to describe, (See Bell’s 
* Commentaries and Principles,’ and Lord Kames’s ‘ Law Tracts.’) 

The French law of descent has followed the Roman law, and the 
obligations and privileges of the heir are essentially the same as there 

rescri 


bed, 
~ In America the English law of descents has been in most instances 
rejected, and each state seems to have established rules for itself. 
There is no entire information upon this subject ; indeed chief-justice 
Reeve in the preface to his ‘Treatise on the Law of Descent in 
America, has this strong passage, that the nation “may be said to 
have no general law of descents, which probably has not fallen to the 
lot of any other civilised country.” (Kent's ‘ Commentaries,’ lect. 65.) 

The term heres in the Roman law has a very different signification 
from the term heir in the English law. The Roman term hereditas 
denoted all the rights and obligations of a testator or intestate ; and 
the heres, when his title as such was completed, represented the person 
of the testator or intestate, and as a consequence succeeded to all his 
rights and obligations. A man might by his will appoint one heres or 
more, and the property of an intestate might devolve on one heres 
or more; but this made no difference with respect to their character. 
Each person was heres in proportion to his share of the inheritance. 
The heres appointed by will was called scriptus, or factus, or testamen- 
tarius ; the heres who succeeded in case of intestacy, ex lege, or legitimus, 
that is, appointed by the law, or ab intestato. 

An important distinction between heredes as established by the old 
Roman law was this, and the distinction was the same (so far as it 
could be applicable) both in the case of testacy and intestacy, All 
persons who were in the power (potestas) of the testator, or intestate, 
during his lifetime, such as children not emancipated, and slaves, were 
obliged to accept the inheritance with all its burdens ; the inheritance, 
in fact, devolved upon them by the will of the testator, and no act of 
assent on their part was n . Other persons, not in the power of 
the testator, were only bound to undertake the burden of the testator’s 
debts in case they accepted the inheritance, for which purpose their 
express assent was necessary. But by the legislation of Justinian, the 
heres in all cases was only answerable for the debts of the testator or 
intestate to the amount of property which such testator or intestate 
left behind him, of which, however, the heres was required to make an 
inventory within a certain time, (‘ Cod.’ vi. ; ‘ Tit.’ 30, 1. 22; ‘ Instit.’ 
ii. 19.) 

The discussion of the various aig and duties of the Roman heres 
scriptus belongs to the subject of wi 

In the case of in , the distribution of the property was analo- 

to the distribution of an intestate’s personal estate by the English 

w. The Roman law gave no preference to an eldest son over a 
younger, or to a brother over a sister. Emancipated sons, who, by the 
strict rule of the civil law, were excluded from the inheritance [Eman- 
crpaTton], were placed by Justinian’s legislation on the same footing 
as children not emancipated. It is unnecessary here to state more 
minutely the rules which regulated the distribution of an intestate’s 
property. (‘ Instit.’ iii, 1; ‘Nov.’ 118, c. 1, 2, 4.) 

It is important to conceive clearly the fundamental notion of the 
difference between the Roman heres and the English heir, The Roman 
heres, when his title to the inheritance was completed,-represented the 
person of the testator or intestate, and so far corresponded to our 
executor or administrator. His title to the property, as heres, was 
absolute, and derived en ay from him to whose rights and obligations 
he succeeded. The English hei, according to the strict principles of 
tenure, derives his title to the land not from his immediate ancestor 
as such, but by virtue of his relationship by blood to the person who 
acquired the land, deduced through his immediate ancestor. The con- 
sequences which flow from these two different notions of the Roman 
heres and English heir are numerous and important. They are well 
stated, in a general way, by Mr. Butler in his note on ‘ Coke-Litt.,’ 
191 a. The stat. 4 Wm. 1V.c. 104, which makes all a deceased person’s 
estate in land liable to the payment of his debts, has materially affected 
the ancient right of the English heir. 

HEIR-LOOMS are such goods and personal chattels as, contrary to 
the nature of chattels, go'to the heir by special custom along with the 
inheritance, and not to the executor of the last proprietor. [CHaTTELs.] 
Fg Soa rincipally such things as cannot be removed without damage 
to inheritance, as chimney-pieces, fixed tables, &. Deer in an 
authorised k, fishes in a pond, deeds, charters, and court-rolls, 
together with the chests in which they are contained, are heir-looms. 
And so it seems are journals of the House of Lords in the possession of 
pecial custom in some places, carriages also and household 


apeer. By s 
implements may be heir-looms. 
termination “loom” is of Saxon origin, in which language it 


J i >" 
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a limb or member, 80 that an heirloom is nothing else but a| of him were engraven on the coins, both full-faced and in profile, 


limb or member of the inheritance. (2 Bl.‘Com.’) Chattels are some- 
times directed by testators to go to the heir, with the inherit- 
ance, as heir-looms, and though it is the duty of the executors to carry 
the intentior into effect so far as they can, yet the direction does not 
affect the rights of creditors, neither can it effectually prevent the 
devolution of the chattels according to their real nature, 

HELIACAL (favs, the sun), a term applied to the rising of a star, 
when it takes place just before that of the sun. If we suppose a star 
not very far from the sun's orbit, then as the sun approaches that star 
it will become for a season ntly invisible, for it will rise after 
the sun, and set after it also, the heavens remaining too light in the 
quarter of sunset to permit the star to be seen. it as soon as the 
orbital motion of the sun has carried it past the star, the latter will 
begin to rise first, and in process of time will rise so much before the 
sun as to become visible just before daylight, In this case it is said to 
rise heliacally: thus a star sets heliacally before its season of dis- 
ap} ce, and rises heliacally after its reappearance. The successive 
heliacal risings of stars thus form a continued warning of the seasons, 
and were used for this purpose among some ancient nations. But 
since the precession of the equinoxes slowly changes the offices of 
different stars with respect to the seasons, an ancient record of the time 
of the year when a given star rose heliacally would enable us to make 
a rough guess at the number of centuries elapsed since the time of the 
observation. Upon such a basis Newton rested a as of his 
system of chronology, taking the descriptions of the heli risings of 
stars from Hesiod. 

HELIACAL CURRENTS. [Et tectro-Dynamtos; Exrecrro-Mac- 
NETISM.] 

HELICIN. [Sattert.] 

HELICOIDIN. [Sauroyr.] 

HELIOCENTRIC (having the sun as centre), a term applied to the 
place of a planet, as seen from the centre of the sun, in opposition to 
its geocentric place, as seen from the centre of the earth. ARALLAX, | 

HELIOMETER (favs, the “sun,” and pérpor, measure”) is the 
name given by M. Bouguer to a micrometer invented by himself about 
1745, by means of which the diameters of the heavenly bodies may be 
measured with considerable accuracy. In Bouguer’s construction the 
tube was of a conical form, and provided with two object-glasses of equal 
focal length, which were so adjusted as to admit of being moved in a 
direction transverse to the axis of the tube; or the object-glass was 
cut into two parts through a diameter, these two parts being relatively 
moveable. By this contrivance the two i which are formed in 
the focus of the eye-glass may be made to diverge, coincide or lap 
over each other, by merely varying the distance between the centres 
of the object-glasses, and this distance is indicated by a graduated 
scale attached to the tube. When the two images coincide, the 
angle subtended by the observed objects will be equal to that 
subtended by the centres of the object glasses, which being known, 
the magnitude of the observed object may readily be computed 
when its distance is given, or the distance determined when its 

itude is given. As this instrument does not differ in principle 
from the divided object glass micrometer, the reader is referred to the 
article MicroMeTer ; and for further information relative to the in- 
vention, see the ‘Mémoires de l'Académie Royale des Sciences,’ 1748, 
p.11. (Bovevusr, in Broo. Drv.) It is necessary, however, to refer 
to the noble instrument at Oxford, constru by M. Repsold, and 
placed under the management of Professor Johnson. This heliometer 
is mounted as an Equarortat, with the hour-cirele at the top of the 
pillar, and the declination circle at one end of the axis, both within 
reach of the observer. The divided object-glass is 7°65 inches in din- 
meter, and has a focal length of 10°5 feet. It is cut into two semi- 
circles by a section along a diameter, and the two pieces are made to 
slide along their common section by means of micrometer screws, con- 
nected with graduated scales. Rather than attempt to describe this 
instrument and the valuable work performed by it, which would be 
necessarily imperfect in our limited space, we think it best to refer to 
the ‘ Radcliffe Observations’ for 1851, in which volume, and the pre- 
vious one, the structure and use of the Oxford heliometer are es 
discussed by Professor Johnson. There is also the celebrated mem 
by Bessel in the ‘ Kénigsberg Observations,’ and the dissertation by 
Brunow in his ‘ Spiizische Astronomie.’ 

HE'LIOS ("Haws), in the Greek, Sol in the Roman, mythology, the 
sun-god, was the son of Hyperion and Theia, or of Hyperion and 
Eu éesa, Homer speaks of Helios as ascending the sky ney Bk = 
Oceanus to give light to gods and men, and again descending by the 
western gate. Later writers enlarge much on the glory of his abode; 
or describe him as sailing during the hours of the night round half the 
globe in a vessel of gold, the gift of Hephiwstus, and w it by his 

ds, or softly sleeping on a golden couch. The chariot of Helios was a 
uadriga ; his horses fed upon herbage growing in the blissful isles, By 
Doser, Helios is spoken of as seeing all that is done by men and gods, 
and hence he was able to give notice to Demeter of the abduction of her 
daughter Persephone, and to warn Hephwstus of Aphrodite's infidelity. 
His flocks were kept in the sacred isle of Thrinacia, in Sicily. Temples 
appear to have been erected to Helios in ret A of Greece ; bulls, 
horses, goats, rams, and other animals, u white, were sacrificed 
to him. Helios was especially honoured at Rhodes, Representations 


surrounded with rays of light, or having streaming ray-like hair, 
fanioes Oclocsos of thodateies cohemee st Helios, 70 cubits high. In 
pe A Helios was to a great extent confounded with Aponio. 


es, their 
intensity will be reduced to the 256th part of their original i intensity, 


or candle. 
HELIOSTAT, an instrument used for making a solar beam 

stationary, or rather an invariable direction, notwi 

the motion of the sun in the heavens. Such an instrument is neces- 

sary to persons engaged in the higher branches of optical research, and 

its principle rests on that of the EquarortaL. i 


surface connected with a polar axis, which is moved by clock-work at — 


the rate of the sun’s diurnal velocity, so that the ray thus reflected is 
constant in direction : whence the name of the instrument, from #Aos 
the sun, and iornu: to stand still, Of course the ray thus obtained may 
be received by a second mirror, and turned in any required direction, 
There is a good description of a heliostat in the second volume of Biot’s 
‘Précis Elementaire de Physique,’ also in Pouillet’s ‘Physique,’ and 
PE SAREE a unde cyt ol 

H OPE, an instrument » chi abroad, in : 
surveys, to enable the surveyor to transmit signals of reflected light 
from one station to another, and to, perceive with facility the 
transmitted. M. Merz, of Munich, is said to have contrived the most 
convenient form of this instrument. + tt 

HELIX. ([Screw.] 

HELLEBORINE, A vegetable alkaloid of unknown com; 


. 


contained in the root of the black hellebore. It resembles — 
) The - 


HELLEBORUS NIGER (Black Hellebore, or Christmas 
root of H. Niger is now the officinal one, and it is to be regretted that 
many other wheter: tga those of Actwa spicata and Adonis vernalis, 
are often intentionally or accidentally sold in its stead. These 
discriminated by physical characters (particularly the internal 
ture), and by chemical tests. The activity of hellebore seems to 
reside in its resinous matter, for which rectified (not proof ) spirit is the 
proper menstruum, 

Like most ranunculaceous plants hellebore can occasion rubefaction 
and inflammation of any surface with which it is brought in contact; 
when taken into the stomach in a moderate dose it gently stimulates 
it and the other viscera of the abdomen; but in large doses it is a fatal 
poison. It is a dangerous medicine, and one which is rarely necessary 
to have recourse to. 

The hellebore of Hippocrates, Dioscorides, and other ancient writers, 
famous for the cure of insanity, is not the plant mentioned above, 
which is a native of southern Germany, the Apennines, also of Laconia 
and Mount Athos. The plant of the ancients is called by Dr. Sib- 
Olypian, Hellou sad tho ilknd of anche’ poeple ee 
pus, Helicon, ai e i 0! icyta. Its ve 
perties occasionally rendered it useful in madness. . il 

HELLENENE,. [HeEtventy.] ; 

HELLENIN (C,,H,,0,) is a concrete volatile principle, allied to the 
essential oils, It is a solid crystalline body, and is obtained from the 
Inula Helenium, With nitric acid it yields nitro-hellenin, whilst 
anhydrous phosphoric acid converts it into a hydrocarbon Lene 


(C,,H,,). 
HELM WIND. [Wr] ; 
HELMET, an t armour of defence for the head, still worn. by 

the officers and soldiers of some of our cavalry regiments. Its origin 
name was Helm, ibly borrowed from the Latin (of the lower age) 
helmus. Skinner however derives it from the aoe verb hale 
to hide, “Helm” certainly occurs both in Cwdmon's ‘ Paraphrase, 
and in the Saxon Gospels, as well as in A®lfric’s ‘ Gl ” Helmet 
was probably’ py feed in the middle age, from the Italian clavdtio, 

As a part of defensive armour the helmet is of high antiquity : some 
sort of covering of this description for the head appears to have been 
worn by the warriors of every country. Helmets were found even 
me ak aera. of eB South Sea Islands when discovered by 

4 ong the oldest specimens now remaining are 

bal oe two helmets found on the field of Canney in 1752, ssaérred 

in 8 vie Hamilton's collection in ye airy nse, Another 

ancient helmet, bearing an inscription, found at Olympia, was 

sented to the British Museum by Ring George IV, : i. 
The form of the Greek helmet an 

collected from various of the Greek writers, from Homer 

downwards, and more es ly from the medals and marbles on which 

it is represented, We give the representation of one from a terra Q 

in the Townley Collection in the British Museum, showing the hi 

of Athene and Zeus. In the same on are others of 
and also one of Pericles, It does not appear that the Greek or 


its general description may be 


a 


——— 


HEMATEIN. 


HEMERALOPIA, 654 


653° 
helmet usually protected the face. Both the helmets found at Canne, 
however, protected the face, and have projecting nasals. A helmet 


found at Pompeii (and now in the collection at Goodrich Court) has 
ji Lipsius’s treatise ‘De Militia Romana’ (iii., c. 5), 

account of the Roman helmet, with which the reader 
y compare the plates and descriptions in the third volume of 
Count de Caylus’s ‘ Recueil d’Antiq.’ For the helmets in more modern 
ick’s ‘Critical Account of Ancient 


_ 


were almost invariably of steel. There was also the Justing Helmet, 
used in tournaments, which was sometimes of leather. 


— 


Burgonet ; of the time of James I. 


@, Morion ; 5, 
The nasal, the ventaile or moveable front, the visor, lifted up by 
pivots, and the bevor, to allow of drinking, were the names of parts 
of certain helmets introduced at different periods, and not always 


uséd. 

As ornaments over the shield or coat of arms, helmets are still used 
in The full-faced helmet with six bars, all of gold, damasked, 
is for the sovereign and princes of the blood; the full-faced helmet of 

for ona and dukes; earls, viscounts, and barons have a 
profile or side-standing helmet of steel ornamented with bars; the 
full-faced helmet of steel, with the visor or bevor open, is for baronets 
and knights; the profile helmet, steel, with the visor closed, for an 


HEMATEIN. 


HEMATIN (C. 0,, +2.-aq.), hematoxylin, the colouring-matter of 
the Hematoxylon ladspsckidaaas or logwood, discovered by Chevreul. 
It is prepared by evaporating a watery infusion of logwood to dryness, 
treating the residue with alcohol, filtering the spirituous solution, and 
evaporating it to the consistence of a syrup. If a certain quantity of 
water be added to this, and evaporation be performed with a 
erystallises, and requires only to be washed with a 
little aleohol and dried. Hematin crystallises in small lamine of a 

The taste of in is at first sweet and astringent, 
and afterwards bitter. It is 


hematin, and the solution is of an orange-red, at 212° Fahr., but 
becomes yellow on coolii Acids saturated with oxygen turn its 
qalont teak to yllind Gad Adberwiieds to red; the alkalies in small 

ity render hematin purple, and when in excess violet-blue, and 
eventually decom it, make it fame ety Tn contact with 
a and hematin gives in (C,,H,,0,,), which unites 

two equivalents of ammonia, forming a compound of a fine purple 


HemMarin. ] 


| 


potash. dissolves it with the pro- 
duction of a peach-blossom eolour. It contains, aceording to Lehmann, 


Carbon . . . . « . « 55°24 

: . . . . s « 712 
Nitrogen . ‘ . Pt ° + 17°31 
Sulphur . . . . -« ‘2 


decomposed by heat. Water dissolves | bas 


acetic acid, but dissolve in ammonia with a bright red tint, which soon 
becomes e-yellow and finally brown. 

HEMATOSIN (C,,H,.N,0,Fe?), the red colouring-matter of the 
blood ; it has not however been obtained in a perfectly pure state, 

ing to the difficulty of separating it from other substances, and to 
the facility with which it undergoes change: when the coagulum of 
blood, which has been drained, is put into water, the colouring-matter 
dissolves and forms a fine crimson-coloured solution; this when 
exposed to a moderate heat dries and forms a brittle dark red sub- 
stance, which is again soluble in water. When it has been acted upon 
by heat and Sehak it tes, owing to the albumen which it 
contains, and it is then insoluble in water, but soluble in potash; the 
red solution is rendered black by carbonic or sulphurous acid, but its 
colour is heightened by air on account of the oxygen which the latter 
contains; nitrous oxide renders it purple, and sulphuretted hydrogen 
greenish-black, 

A peculiarity of hematosin is its containing iron, which does not 
oceur in other parts of the animal system; when the clot of blood is 
prorenpcees by exposure to heat and air, the residue treated with 
h oric acid exhibits by the usual tests the A igus 30) of peroxide 
ef iron, one prs ea by phosphoric acid. So when dried blood 
is moistened with a little concentrated sulphuric acid, on the addition 
of water a solution is obtained which with ammonia yields a precipitate 
of peroxide of iron. 

hematosin of bullocks’ blood, but not quite pure, for the 
reasons already stated, analysed by Mulder, yielded the following 


ingredients :— 
Carbon ; . . ‘ - 66-49 65°91 
Azote 2 e's 4 ee TOE 10°54 
Hydrogen . . . . « 530 5°37 
Oxygen a ee Jinx wk 11-75 
Tron . . . . . « 666 6°58 
100°00 100°15 
HEMATOXYLIN, [Hemaniy, 
HEMERALOPIA, a word which is now used to signify “ night- 


blindness,” though in fact it means “day-seeing,” being similarly 
formed to the genuine Greek word “ nyctalopia” (vuxtadwmia), which 
means “ night-seeing.” Much confusion has arisen in regard to the 
use of the two words, in consequence of an error committed either by 
Hippocrates or one of his early editors. In the second book of his 
‘ Preedicta,’ he says, “ We call those nyctalopes who see by night ;” 
but in the fourth and sixth books of his ‘ Epidemics,’ the disease which 
he speaks of under a similar term appears to be that in which the 
patients are blind at night; and his translators, Paulus A®gineta, 
tius, and Galen, quote various authorities to show that those only 
are properly called nyctalopes who are affected with night-blindness. 
They have been followed by Bontius, Sir G. Blane, and many naval 
surgeons, who apply to the present disease the name of nyctalopia, or 

ia tenebrarum. Linnzus and Vogel however define nyctalopia 
to be night-vision, and call night-blindness, hemeralopia; and as their 
meanings have been since received by Scarpa, Lawrence, and all the 
chief writers on diseases of the eyes, they will be adopted here. 

Night-blindness is a common di _ amongst seamen in the East 
and West Indies, the Mediterranean, and in all hot countries, and 
affects in a slighter degree soldiers and the natives in the same parts of 
the globe. To persons affected by it, all objects appear at sinset as if 
covered with an ash-coloured veil, which becomes gradually denser, 
and at last involves them in complete darkness. In slight cases they 
can see by bright candle-light or by moon-light ; but after the disease 
a few days, even the largest objects are invisible after sunset, 
and the patients have to erope their way even where the moon or 
candles are shining brightly. e disease will daily increase in severity 
if not judiciously treated, till the sight becomes weak by daylight,’and 
so disordered that total blindness might be apprehended, though it 
very rarely follows. The pupils are generally dilated, and at night 
cannot be made to contract even by a brilliant light. 

The most probable cause of this disease is the exhaustion of the 
retina, produced by the continued glare of a bright sun, either directly 
transmitted to it, or reflected from the clear waters of the tropical seas, 
or the bright sands of their shores; a condition of which one may form 
an idea from the inability to perceive objects in a dimly lighted room 
after leaving one where there was a of light. In many cases it is 
connected with a disordered condition of the digestive organs, and in 
others with sc - 

The Moses vi anconiiy get well, though it may exist for weeks or 
months, The most successful treatment is the repeated application of 
small blisters to the temples, Mr, Bampfield cured by this means 
upwards of 300 cases. This treatment never failed; but in some 
instances its effects were accelerated by the administration of purga- 
tives and other medicines adapted for the coincident symptoms of 
8c or of disordered digestion. The best description of the disease 
is in Mr. Bampfield’s ‘ Essay on Hemeralopia,’ in the 5th vol. of the 
‘ Medico-Chirurgical Transactions,’ 

Nyctalopia, night-vision, or day-blindness, probably never occurs as 
a separate disease. It is often a symptom of scrofulous ophthalmia and 
other diseases where the eye is so irritable that the stimulus of day- 


ous HEMIOPIA 


HERA. 


light cannot be borne, as well as of those conditions in which great 

dilatation of the pupil is requisite for vision, as in commencing cataract, 

or opacity of the centre of the lens or its capsule. 

HEMIOPIA (from jul, “half,” and Sy, “the eye”) is a disease in 
which the patient sees only a part of the object he looks at ; the middle 
of it, or its circumference, or its upper or lower , or more commonly 
one lateral half, being completely obscured. In some cases it arises 
from a partial mechanical obstruction to vision, as when part of the 
transparent tissues of the eye become opaque, or when the upper eye- 
Vid falls over half the pupil. But more frequently it is the-result of a 
morbid and partial insensibility of the retina, produced by the excessive 
stimulus of a bright light, and will cease after a night’s rest ; some- 
times it is a consequence of disordered digestion; and sometimes a 
symptom of commencing amaurosis, or gutta serena, and terminates in 
complete blindness. 

A very interesting account of this disease is given in the ‘ Philo- 
sophical Transactions,’ for 1824, by Dr. Wollaston, who himself 
suffered from it on two occasions. He endeavoured to explain it by 
the semi-decussation of the optic nerves [EE]; and it is remarkable 
that the appearances found in his brain after death were such as on 
that theory might have been anticipated. But in a large proportion of 
the cases the affection is too transient to admit of the supposition of 
any organic disease. 

HEMIPINIC ACID (C,,H,,0,,+4 aq.) is formed by the higher 
oxidisement of opianic acid, one equivalent of which, by the addition 
of two equivalents of oxygen, gives rise to one equivalent of hemipinic 
acid ; this addition is effected by heating either opianic acid or narcotine 

- with dilute sulphuric acid and binoxide of lead, care being taken not 
to decompose the hemipinic acid as it is formed. 

Hemipinic acid crystallises in colourless quadrilateral prisms. The 

c! contain four equivalents of water, which are expelled below 

212° Fahr. It has a slight taste, is soluble. in water, melts in 356°, 

and sublimes like benzoic acid in shining laminew. It is bibasic, and 

forms with ammonia a readily soluble and crystalline salt ; with oxide 

of silver it forms an insoluble, white, pulverulent powder, the com- 
ition of which is represented by C,,H,O,,, 2Ag0. 

HEMIPLEGIA. [Apor.exy.] 

HEMISPHERE. [Spuere. 

HEMITONE, an interval in ancient music, the ratio of which 


is i. 

HEMP. [Lrven.] 

HENDECAGON, a figure of eleven sides, For the regular hende- 
cagon see REGULAR FIcUREs. 

HEPATITIS. [{Lrver, Diseases or THE.) 

HEPH ZSTUS (Hoaeros) of the Greeks, Vulcdnus of the Romans, 
the god of fire, especially so far as it manifests itself as one of the 
elementary powers of nature in volcanic districts, and so far as it is 
an indispensable means for the working in metal and prosecuting the 
pursuits of industry in general. According to Homer, Hephestus 
was the son of Zeus and Hera, and was from his birth so weakly and 
ugly, that his mother, wishing to get rid of him, dropped him from 
Olympus. But Thetis and Eurynome, two marine divinities, received 
him falling, and with them he dwelled concealed for nine years, during 
which period he made various beautiful ornaments for the two god- 
desses. Whenever he remembered the cruel act of his mother, he felt 
indignant at her shameful treatment, and it was in revenge of this act 
that he made the golden chair, from which, when she sat in it, she was 
unable to rise, and from which he would not release her until Dionysus 
interceded for her; but otherwise he was kind and obedient to her, 
and on one occasion when he took her part against his father, Zeus 
seized him by the foot and hurled him from Olympus. He fell for 
a whole day, and came down on the island of Lemnos, where he was 
kindly received by the Sintians. He afterwards returned to Olympus, 
where he inhabited a palace built by himself, and which “immortal, 
starry, brazen,” outvied the abodes of the other immortals (‘ IL’ xviii). 
Here he had his workshop with its anvil and twenty bellows which 
worked at his bidding, and he produced the most exquisite specimens 
of art both for gods and men. His wife is called in the ‘ Iliad’ Charis, 
but in the ‘ Odyssey ’ it is Aphrodite, who however is faithless to him. 
She favoured Ares, and Hephaestus being informed of it by Helios 
(the Sun), caught the lovers together in a net, and called all the 

together to witness the spectacle. At the request of Poseidon, 
however, he liberated them. In the Trojan war Hephaestus sided 
with the Greeks, though he had a temple and priests at Troy also. 

This is an outline of the story of Hephestus, as far as it can be 

thered from the Homeric poems. Other traditions mentioned by 

ter writers state that he had no father, and that he was born of 
Hera without her having had any connection with a god or male 
being, in the same manner as Zeus gave birth to Athene. Others 
called Hephaestus a son of Talus, Coelus, Nilus, or Menanus, but these 
are foreign traditions transferred into Greece. Some legends describe 
Hepheestus as having become lame from his fall from Olympus upon 
the island of Lemnos, whereas according to Homer he was weak and 
lame from his birth. According to Virgil and other Latin writers, 
Vulean does not produce his wonderful works of art alone, but is 
assisted by the Cyclopes, and his workshop is not in Olympus, but in 
some voleanic island. His favourite island was Lemnos, but other 
volcanic islands also, such as Lipara, Hiera, Imbros, and Mount tna 


in Sicily, are described as places in which he lived and worked. 
The ancient epic poets abound in descriptions of wondrous works of 
art said to have been made by Hephestus, Like Athene, he is the 
divinity that gives skill to mortals, and teaches them the arts which 
gladden and adorn human life. That both divinities were looked 

as somewhat akin to each other, is clear not from several ] 

but also from the fact that at Athens they common festivals and 
tem; The festivals celebrated at Athens in his honour were 
Hep! ia and Chalcia, the former of which was splendid 
on account of the torch races (lampadephoria). 

The worship of Hephaestus seems to belong to the oldest religious 
institutions of the ancient world, and undoubtedly arose from the 
worship of fire, so common among uncivilised nations and in the East, 
Later poets therefore, in applying the name of Hephestus or Vulcan 
to fire in general, returned in some manner to the original idea of the 
god. In othrace, where remnants of the ancient Pelasgian religion 
continued to exist long after the introduction of the Hellenic religion 
into Greece, Hephmstus was the first among the Cabiri. In Etruria 
he was one of the twelve great national gods ; and we find his 
established at Rome from the earliest times. A temple of V 
situated close by the Comitium, is mentioned as early as the reign o 
Romulus and Tatius, and from the stories and rites connected with 
his worship at Rome, we must infer that his temple was viewed ina 
similar light to that of Vesta, that is, as a place of union, or the central 
point of the state, ; 

The Fornacalia (from fornax, a furnace), which festival was cele- 
brated at Rome on the 17th of February, was probably an ancient 
festival of Vulcan ; his great festival, however, was cel 
every year on the 23rd of August, with games in the Circus Flaminius, 
was in later times the great festival of the god. The Romans often 
dedicated to him the arms taken from an enemy: they piled 
and burnt, The Romans frequently designate Vulean by the name 
Mulciber, which seems to have been given to him as a propitiating 
name, that he might not destroy the habitations and + per tip of men 
by fire, but that he might be a beneficent and mild god, using his 

was not unfre- 


§ 


: Se Re ’ Hartung, Die Religion der Rimer, ii., p. 106, &e.; Hirt, 
ns ~ ee Bilderbuch, p. 42, &c.;, Miiller, Archiologie der Kunst, 

HEPTAGON, a figure of seven sides. For the regular heptagon, see 
Recuar Ficures. 

HEPTYLENE, [(ENantHYLENE.] 

HERA (“Hpa) one of the twelve deities of the Greek Olympus, the 
Juno of the Roman pe Srmps yy Shy the eldest daughter of Kronos and 
Rhea, the sister and wife of Zeus, the goddess of marriage and child- 
birth, and the protectress of married women. Her worship was of very 
great antiquity at Argos and throughout the whole of the Pelopon- 
nesus, The Samians, as well as the Spartans, are su to kane 
derived their knowledge of this deity from Argos (‘ Paus., iii, 13; vii. 
4); and the same is said to have been the case with the inhabitants of 
Epidaurus, Zgina, and Byzantium (Miiller’s ‘ Dorians,’ i., p. 410, Eng, 
transl.) Her name also occurs in the early mythology of Corinth. 

Although inferior in power to Zeus, Hera was treated with equal 
honour by the other Olympian deities. The Homeric poems contain 
but little of the mass of fiction attached to her in later times, 
She is represented in the ‘Iliad’ as jealous, obstinate, quarrelsome, 
and revengeful. Her disputes with her husband form a subject of 
frequent reference. At one time she even conspired with Athene and 
Poseidon to seize and bind the cloud-dispeller, but Thetis gave him 
warning, and with the aid of Briareus him from his bonds, (‘ IL’ 
i, -argt It was then, perhaps, that Zeus inflicted on her the punish- 
ment he recals to her memory when angry with her for interfering 

Hector and the Trojans; that, namely, of hanging her aloft in 

e sky, with her hands manacled, and two anvils fastened to her feet. 
(‘IL,’ xv. 17, &c.) Hera seems always afterwards to have hada due 
dread of openly braving the anger of the father of the ; but she was 
not afraid to gain her ends, however opposed to his, by subtlety, of 
which Homer records several instances. One of the most celebrated 
of her contrivances was the borrowing the cestus of Aphrodite, in order 
to stimulate the love of Zeus. (‘ IL,’ xiv.) But though Homer speaks 
much of the differences between them, he also shows that Zeus con- 
fided his inmost pore to his wife, and that she always reckons on 
his confidence. The well-known story of her contention for the prize 


of beauty with Aphrodite and Athene was told to account for her 
active interference against the Trojans. , 


(Jacobi, Handwirterbuch der Griechisch. und Rim, Mythologie, under © 
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The marriage of Zeus and Hera forms a prominent feature in the 

worship of this goddess. As a truly married wife, and the wife of the 
greatest of the gods, Hera became the goddess of marriage and the 
married state. She was frequently represented veiled as a bride, and 
carried in processions, like a bride, ona car. By Zeus she had three 
children, Ares, Hephzstus, and Hebe. : 
_ The two most celebrated temples of Hera were at Argos and Samos ; 
the latter was the temple with which Herodotus was acquainted. 
(¢ Herod.,’ iii. 60.)  Samians themselves denied that their know- 
Argos, and asserted that she was 
*Paus.,’ vii. 4.) In many places she was associated 
in worship with Zeus. 

Juno was worshipped at Rome with the epithets Pronuba, as pre- 
siding over marriage ; Lucina, as bringing children to the light ; Regina, 
as queen of heaven; and Moneta, as the warner, to whom a temple 
was erected on the spot where the house of Manlius Capitolinus stood. 
(‘ Liy.,’ vii. 28.) The origin of the name Moneta is given by Cicero 
in his ‘De Divinatione, (i. 45). She was also styled Virginalis 
and Matrona; and the general festival held on the 1st of March 
in honour of her, and in which all women took part, was termed 


The Greek artists, in accordance with the descriptions of the poets, 
represented Hera as a fully developed matron, yet as one who bathes 
in the fountain of virginity ; of a perfectly beautiful form and features, 
but with and sternness as well as maj marked on the counte- 

eyes are (agreeing with Homer’s frequent epithet, 
“ Hera ed, majestic”); the forehead fair and open, and with 
the braided hair brought down obliquely on either side, She is usually 

i i (stephane), and often wears a veil. Her 
chiton and himation, the former of which leaves 
only her neck and arms bare. She often carries a sceptre, sometimes 
surmounted with a cuckoo; and is accompanied by her favourite bird 
The famous colossal seated statue of 
at the foot of 


remaining of the goddess of much importance; busts are numerous; 


Bust of Hera from the British Museum, 
beautiful one from the British Museum (First 


Greeco- . Representations of her on vases, gems, &c., 
are numerous. e artistic idea of the Roman Juno followed 
close of the Greek Hera. 


HERACLES (in Latin, Hercules), the most celebrated hero of 
Greek mythology, was the ing of Zeus by Alemene, daughter of 
Electryon, a son of Perseus, and king of Mycene. His reputed father 
was Amphitryon (son of Alewus, another of the children of Perseus), 
who having accidentally killed his father-in-law El ‘on, was com- 

to leave Mycenw, and take in Thebes. Here Hercules 
born and educated, and here his early feats of strength and valour 
done; such as es the lion of Citheron, delivering Thebes 

to Erginus, king of Orchomenos, and taking in 

marriage the daughter of Creon. Most of his adventures were either 

or remotely the result of the untiring hatred with which 

he was pursued by Hera. Even his famous twelve labours were the 

consequence of a sort of ie ere entered into with Hera by Zeus, 

, that he should undertake twelve great tasks 

which E' eus, a8 his master, should think fit to impose, the con- 

ditién being that if he succeeded in them he should be toa place 
among the immortals in Olympus. 

thus fated to serve Eurystheus, king of Mycen, he performed 

are called his labours, in obedience to the commands of his 

are so well known that we need only enumerate them :— 

was, to bring the skin of the Nemean lion; the second, to 

Hydra; the third, to catch the hind of Artemis; the 

bring to the Erymanthian boar alive; the fifth, 

the stables of Augeas; the sixth, to drive away the water- 

Stymphalis; the seventh, to fetch the Cretan bull; the 
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eighth, to bring to Mycenz the mares of Diomedes; the ninth, to 
obtain the girdle of Hippolyta, queen of the Amazons; the tenth, to 
bring the oxen of Geryon from the island of Erytheia; the eleventh, to 
bring the apples of the Hesperides ; the twelfth, to conduct Cerberus 
from the under world. Almost innumerable other exploits were per- 
formed by him, such as the taking of Troy; the wounding of Hera; 
the conquest of the gigantes, &c., which are all related by the mytho- 
logists, Apollodorus, and others. But we cannot stay to relate them, 
as our object is rather to point out the classes to which these traditions 
belong, than to supply information which can be readily and much 
more suitably obtained elsewhere. 

It will be enough to mention the manner of his death. Having to 
cross the river Euenus, Heracles swam over, leaving his wife to be 
ferried across by the centaur Nessus. But Nessus faithlessly attempted 
to ravish Deianeira, and Heracles turning back shot an arrow through 
his heart. The dying centaur bade Deianeira take some of his blood 
as a means for preserving the love of her husband, Afterwards when 
Heracles had been held long entranced with the charms of Omphale, 
and then leaving her went in quest of Iole, with whom he had become 
enamoured, Deianeira, fearing the entire loss of his affections, sent him 
a garment which she had steeped in the blood of Nessus. But the 
poison from the arrow of Heracles had contaminated the blood, and 
when the hero put on the garment he was seized with such terrible 
 sebeghriy! A gatdae his body that, unable to bear the agony or to rid 

imself of the garment which clung to his flesh, he raised a lofty 
pile of wood on the summit of Mount (ta, and having com- 
manded the shepherd Peeas to set fire to it, he placed himself on 
the top. Then Zeus caused a cloud to descend from heaven and 
amidst the pealing thunder, and flashing lightning, the hero was 
conveyed to Olympus. 

There are then three distinct kinds of tradition relating to Heracles ; 
the first consisting of stories drawn from some eastern or other 
religion, and applied to the Theban hero. Such are his wanderings 
round the coasts of Greece, which exhibit in a mythical form the 
establishment of the worship of a wandering god of the Phoenicians, 
Such also is his voluntary death on Mount Gita; and, according to 
Miiller (‘ Dorians,’ i. 444), his murdering his children. Another, and 
the second class of traditions, are those which represent him performing 
labours such as would naturally be those of a young community. 
(Pausan., viii. 14.) A third class exhibits him in the light of a con- 

ueror and destroyer of tyrants, and here the awkwardness of ascribing 
the deeds of the Peloponnesian hero to the Theban Heracles is most 
striking; for while on the one hand he is serving Eurystheus as a 
slave, on the other he appears as one who forms alliances and disposes - 
of kingdoms. , 

The legends of Heracles perhaps afford a better instance than those 
of any other hero or god, except Apollo, of the various sources from 
which mythical accounts spring. ces 

Heracles was worshipped hout Greece both as a god and a 
hero. His special oracle was at Bura in Achaia, the seat of the oldest 
of his temples. Bulls, boars, and rams were sacrificed, and hot springs 
were sacred to him. Women were not allowed to participate in 
his worship. At Rome there were two temples dedicated to 
Hercules, 

Representations of Heracles are extremely numerous of almost 
every period of Greek and Greco-Roman art. In the archaic period 
rg 3s was clothed, and armed with spear and buckler, bow or sword ; 
later, his only covering is the skin of the Nemzean lion, his weapon the 
huge club with which he killed the lion. Always he is figured as of 
enormous strength, with broad shoulders, large limbs, and muscles 
extremely developed. His person is noble, his countenance graye and 


Bust of Heracles from the British Museum, 


earnest. The famous Farnese Hercules is the most celebrated ancient 
Statue of the hero which has come down to us. It is inscribed with 
UC 
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the riame of Glycon, and appeara to be a copy ef the Heracles of | Trojan war. (Thucyd., i. 12.) A battle took place between the 
Lysippus : the hero is leaning on his club, and holds in his hands the under the command of the sons of Aristomachus and the 
apples of the Hesperides ; the head of this statue is, however, a modern | P esians under that of Tisamenus, the grandson of Agamemnon, 


restoration, being copied from the magnificent colossal head now in 
the British Museum (Third Grwco-Roman Saloon), Besides the many 
statues and busts of Heracles, in which he is figured from youth to age, 
there exist representations of him engaged in one or other of almost all 
the adventures related of him, from his birth to the pyre on (ta, in 
bronze and marble, groups and relievi; on vases, wall paintings, coi 
gems, &e. We give cuts of a small bronze statue and the bust just 
mentioned ; both the originals are in the British Museum. The bronze, 
i 5 inches high, the figure of the hero being 2 feet 
found in 1775, at Jebel, the site of the ancient 
in; it appears to be of the school of 
Lysippus, and may possibly be a work of the master himself, 


Bronze Statue of Heracles, 


The head, which is of colossal size, was dug up from under the lava 
at the foot of Mount Vesuvius, and presented to the British Museum 
by Sir William Hamilton. 

(Miiller’s Dorians, and the authors whom he quotes; Prolegomena ; 
Archablogie der Kunst, and Denkmiiler der Alten Kunst ; Buttmann’s 
Mythologus ; and Thirlwall’s and Grote’s Histories of Greece.) 

ERACLI'‘D&, the descendants of Heracles. According to tradition, 
after the death of Heracles his children took refuge in Attica, in order 
to escape the persecution of Eurystheus, They were hospitably received 
by Theseus, and with the assistance of the Athenians defeated Eurys- 
theus. After the battle, the Heraclide are said to have obtained 

ssession of the whole of Peloponnesus ; but they had not remained 
n the country long before a pestilence again drove them back to 
Attica. They attempted soon afterwards to march again into Pelo- 
ponnesus, but were met at the Isthmus by an army consisting of 
Arcadians, Ionians, and Achwans. In asingle battle with Echemus, 
king of Tegea, Hyllus, the eldest son of Heracles, was slain, and the 
Heraclidw promised not to invade Peloponnesus for a hundred 
from that time. _(Herod., ix. 26; Pausan., i. 41.) They did not, how- 
ever, observe their engagement ; for both Cleodseus, son of Hyllus, and 
his Aristomachus, renewed the attempt, but without success. 
The Heraclidw retreated to Doris, where they obtained a considerable 
army to assist them in the recovery of their dominions. With the 
aid of an AStolian chief named Oxylus, they crossed from Naw 
to the southern side of the Corinthian Gulf eighty years after the 


pactus | the sovereign, but bearing 


in which the latter were di es on 
and Achwa, fell into the hands of the H Elis was assigned 

Oxylus, and the rest of the Peloponnésus was divided 
three sons of Aristomachus; Temenus obtained possession of 


oan for, sccording to. he general ¢eeAat, Astsetienns WA 
= The land of the 


btained part of the Peloponnesus, 
It is asserted by the universal juity r 
were led to this conquest by Achwan chiefs; but this 
doubted by many modern writers, who have considered 
that the Dorians should have been commanded foreign 
has been supposed that the Heraclidw were the hereditary 
the Dorie race, who were descended from a Dorian Heracles ; 
——— ee 
Ww 


ponnes' 
p. 57, Eng. Transl.) Though the general 
plete conquest of Peloponnesus to the 
| reall tee sctgore gta peace ap rete 
Peloponnesus was not reduced by the Dorians long afterwards, 
(Thirlwall’s ‘ Hist. of Greece,’ vol. i.) 

ve Saneekie duty, during the middle 
carry lenges or messages one sovi or 
to another, to proclaim peace or war, to mypeetigersbd yr or 
tournaments, to be witness of all combats whether or par: 
ticular, and to record in writing the names of those who behaved most 
valiantl. , to number the dead after battle, and specially to sw 
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thing like those of the Greek kerua (xfpvt), and the Roman Fecialis ; 
but the origin of the name is much disputed, and the actual date of 
the institution uncertain. The word Heraldus occurs in the imperial 
constitutions of Frederick Barbarossa, im 1152, about the same time to 
which the origin of h is with most reason The 
earliest mention as yet discovered, of a herald in England is in a pell- 
roll of the 12th of Edward III.; but there is little doubt that the 
office existed as early at least as the dawn of ep icirg”! coat-armour. 
The English heralds were first incorporated by Richard III. [Heratps’ 
CottrcE.] There are three orders: or grades of heralds, 5 
kings of or at arms, heralds, and pursuivants. They were anci 
created with much ceremony, and the mode is curiously detailed 
Gerard Legh apud Upton. “It is necessary,” says he, “ that 
estates should have couriers as their messengers for the expedition of 
their business, whose office is to and repass on foot, being clad in 
their prince's colours ‘ parted upright;’ that is to say, half of one 
colour and half of another, with the arms of their sovereigns Jqzese = 
on the boxes in which they carried. their , and which were 
fixed to their girdle on the left side. It was not permitted to them to 
bear the arms of their lord in any other manner.” “They were 
knights,” he adds, “in their offices, ybut not nobles, and were called 
ights-caligate of arms, because they wore ‘startuppes’(a sort of 

boot or gaiter) to the middle leg.” “ When they had conducted them- 
selves properly in this situation for seven , they were made 
chevaliers of arms, and rode on horseback to deliver their 's 
messages, clad in one colour, their garments being only ; or 
trimmed with the colours of their sovereign, and ing their 
aforesaid, with the arms painted on them, on the left sh $ 
not elsewhere’ From these runners and riders the three 
heralds were supplied, the chevalier of arms, having served another 
seven years, being created a pursuivant in the following manner :—The 
herald of the province, to whom he was to be pursuivant, wearing 
coat of arms, took the candidate by his left hand, holding in his 
acup of silver, filled with wine and water, and leading him to 
sovereign, in the ce of many witnesses duly summoned for this 
purpose, inquired by what name the pursuivant was to be created; 
and the sovereign’s answer proclaimed his hex 4 

some of the wine and water upon his bare head. He 

him with the tabard, or herald’s coat, emblazoned with the 
arms of the sovereign, but so that the sleeves hung upon his breast 
and back, and the front and hind parts of the tal over his arms, in 
which curious fashion he was to wear it till he became a herald. Strutt 
has given a 
leian MS. 2278, without being aware of the distinction. The oath of 
office was then administered to him, and lastly the sovereign presented 
him with the silver cup aforesaid. Having once been made pursuivant, 
he might be created a herald, “ even the next day,” which was done by 
the principal herald or king of arms leading him in like manner 
a gilt instead of a silver cup, and turning 
the tabard so that the sleeves hung in their proper place over the arms, 


ES 


representation of the pursuivant so attired from the Har- — 


i te) 


sy. 


661 HERALDS’ COLLEGE. 


HERALDRY. 662 


A collar of SS was then put about his neck, one § being argent, or 
silver, the other sable, or black, alternately, and when he was named, 


eed: FA g 
herald cried, Laos 


heralds of all classes in the British dominions are now with 
by the hereditary reat 
leges are much abridged and 


being provincial’ , Clarenceux having 
tole Bag gap tee Ee 
= eed attached to the Order of the Bath, and 

eee of Se Collegeof Arma Six heralds—Somerset, 
e , Lancaster, and ‘York; and four pur- 


and St. George in the esha x ec pring, fra ea 
added, i 


marshal, a 
Ohad og Yard 
ol Mowbray ; and on the occasion of the funeral of the 
IV., Mr. Albert Woods, now Lancaster herald, son 
W, Woods, then Clarenceux king of arms, was created pursuivant 


a grrgrey or COLLEGE OF ARMS, a corporation 
\ a IL in the first year of his reign a charter dated 
2 ‘March 483, iuiwklehs Ke gin to ihe petonteal: Bion of 
corporation a house called Colde Arbor, in the parish of All Hallows 

London. In the first year of the reign of Henry VII. this 
eee ce yan a Iga ag Act of Bay pone 
as e personal property of rithe, garter of arms; 
and during the of that king and of his successor Henry VIII. the 
heralds made several unsuccessful attempts by petition to obtain a 


of it, or the t of some other for their general 
I Edward VI, in bt" year of hi rei, bya hare 
June 4th, confirmed to their ancient privileges; and 


id Mary, by charter of the 18th of July, 1554, re-incorporated 
ited to them Derby House, then occupying the site of 

on Benet’s Hill, near St. Paul's Churchyard. The 
was destroyed in the great fire of London; but all the 
3 Ps were fortunately saved, and removed to the palace 


college was The corporation consists of three kings of arms,— 

hom ae and Norroy (Bath not being a member),—six 
four pursuivants. [Heravp.[ The arms of the college 
» @ cross gules re four doves rising azure. Crest, on 


pee hme argent, ducall po Or. There is a heralds’ college 
Vso king of arms, six heralds, and six 


HERALDRY, the art of arranging and explaining in proper terms 
all that appertains to the bearing of coats of arms, badges, and other 
hereditary or assumed marks of honour; also the science of mar- 
shalling processions and conducting the ceremonies of coronations, 
Se 


of heraldry, in the first and most commonly understood 
attributed by the general consent of all rational writers 

the neceasi' distinguishing by some outward 
contusion of battle, the principal leaders during the 

of the Holy Land. But nothing is abso- 

lutely known gear beyond the fact that the middle of the 
is iest period to which the bearing of heraldic 

called, can be traced, and the commencement of 


hereditary. 

which we have any notice is of the reign 
of Homry Ti andthe veign of dard us with the earliest 

t, The famous roll of Caerlaveroch, a poem in 
Gal Neapage Morals seh rehearses the names and. armorial of all 
the barons, knights, &e., who attended Edward I. at the siege of Caer- 
laveroch Castle in 1300, [Bayner.] Heraldry is therein first presented 
tous asa science. The principal rules and terms of the art were then 
in-txistence, and from about that time the latter are continually found 


and romances of France and 
writer on heraldry whose work descended to us is 
Nicholas Upton, whose treatise ‘De Militari Officio’ was composed in 


the reign of Henry V., and translated in that of his successor b 
Jolene Bienes BERNeERs, in Broce. Drv.], in the work tceiarialbe 


“ Boke of St. Alban’s.” As Upton quotes no earlier authorities, his 
explanations can only be looked upon as 

made three hundred years after the of the practice, and, 

consequ , to be believed or not, according the discretion of the 


reader. In the reign of Richard III. the English heralds were incorpo- 
rated and the College of Arms founded ; and in the following century a 
swarm of writers arose both in France and England, each contradicting 
the other, and wasting a world of learning and research in the most 
absurd and idle controversies. 

On the decline of chivalry the study of heraldry became gradually 
neglected, and the art, which had formed for centuries a portion of the 
education of princes, “and occupied the attention of some of the most 
learned men in Europe, was abandoned to the coach-painter and the 
undertaker, while kings of arms and pursuivants were looked upon as 
mere apenas of state pageantry, their office ridiculed, and their 
authority defied. 

That the pedantic nonsense of such writers as Morgan, Ferne, Mac- 
kenzie, &c., contributed to these results, there can be little doubt. A 
taste for the critical study of antiquities generally is now, however, 
reviving throughout Europe, and the use of heraldry as a key to 

i and biography is daily becoming more and more acknow- 
l 


The rules of heraldry, as now practised at the College of Arms, are, 
as we have before remarked, comparatively modern, and vary in some 
points from those observed in France and Germany. 

According to the received authorities, there are ten — of arms, 
namely :— 

1. Arms of Dominion, being those which sovereigns baie as annexed 
to * Ty ose they govern, 

, those borne by sovereigns who are not in possession 
of hy dominions to which such arms belong, but who claim or pretend 
to have a right to such possession ; as, for instance, the kings of 
England from Edward III. to George III. quartered the arms of 
France. 


8. Arms of Community, being those of bishoprics, cities, universities, 
academies, and other bodies corporate. 

4, Of Assumption, such as are assumed by a man of his proper right 
without the grant of his sovereign, or of a king at arms; as, for instance, 
when a man of any degree whatsoever has taken prisoner in lawful war 
any gentleman, nobleman, or prince, he may bear the arms of that 
prisoner, and transmit them to his heirs for ever. 

5. Arms of Patronaye, such as governors of provinces, lords of 
manors, patrons of benefices, &c., add to their family arms, as a token 
of their superiority, rights, and jurisdiction. 

6. Arms of Succession, borne by those who inherit certain estates, 
manors, &c., either by will, entail, or donation. 

7. Arms of Alliance, such as the issue of heiresses take up to show 
their maternal descent. 

8. Arms of Adoption, borne by a stranger i in blood, with the special 
permission of the sovereign, applied for in order to fulfil the will of the 
testator who may bequeath certain moneys or estates on condition of 
the party's his name and arms. 

9, Arms of Concession, augmentations granted by the sovereign of 
Rte his own ensigns or regalia to such persons as he pleases to 

therewith. 

10. Arms Paternal and Hereditary, such as are transmitted from the 
first possessor to his son, grandson, great-grandson, &c.; thereby form- 
ing complete and perfect nobility. The son being a gentleman of 

second coat-armour, the grandson a gentleman of blood, and the great- 
grandson a gentleman of ancestry. 


These seyeral sorts of arms are displayed on shields, or escutcheons, 
and on banners, the ground of either being called the field, and the 
figures borne upon it the ordinaries and charges, 

eit" shield, or escutcheon, contains cer- = 

bg or locations, namely, a, B, ©, y or 
the ¢ 


ief: A being the dexter or right- & 2 : 
hand chief, B ‘noon precise middle chief, and 
c the sinister or left-hand chief, is the D 
honour t; E the fess point, being the 
exact middle of the shield; r the nombril E 
or navel point; G, H,1, the dexter, middle, 
and sinister base points. F 
G Hef 


The colours of the egcutcheon, or of its ordinaries and charges, are 


five :— 
Red (the heraldic name of which is) + Gules. 
Blue = rs . . . Azure. 
Black iy ” P . Sable. 
Green i » Fy > « Vert, 
Purple re s ‘ + Purpure. 


To which must be added, or rather prefixed, yellow and white, which 
being ordinaril. represented by gold and silver, are called metals, and 
named by heralds, after the French, Or and Argent. 

There are also two other colours Secepilaan by heralds, but rarel: 

seen in English coats of arms, namely, orange, called Tenne, and a dark 
blood: red inclining to pyrple, call "Sanguine, or Murrey, from mul- 
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berry. These colours and metals have been since the 16th cent: of which are sufficient to denote their colour, without particularising ~ 
expressed in engravings by lines and points or dots, =i the same, namely :— 4 


the ingenious idea of is attributed to an 
Italian named Petrasancta. vase po? cmd 
known by the eseutcheon being fill small 


points or dots, 


4ittdis 4 


Arve or silver, by the shield being left perfectly 
plain 


Gules, or red, by 


rpendicular lines from the 
top to the bottom of the 


escutcheon. 


Azure, or blue, by horizontal lines, 


Sable, or black, by the two former crossing each 
other. 


Vert, or green, by diagonal lines from right to left. 


ae” or purple, by similar lines from left to 
ight, : 


Tenne, or orange, by perpendicular lines crossing 
lines from right to left. 


Sanguine, or murrey, by transverse lines from 
each side of the shield. 


The metals and colours above mentioned are also distinguished by 

some heralds by the of ts and precious stones ; and there 
are besides, according to Sir John Ferne ( Glory of Generosity *) 
twelve other fantastical sorts of blazonin (by which word is meant, 
describing in p heraldic terms, the Be fe, &c., of a shield or 
banner) ; but as all these are now obsolete, we shall only allude to the 
~ fact without encumbering our columns by. rehearsing them. 

There are nine roundlets, or balls, also used in merely, the names 


Bezants . . Or. Hurts . . Azure. Pellets . Sable. 
Plates. nt. | Pormmes . Vert. Oranges . Tenne, 
Torteaux . Gules. Golpes . Purple, Guzes 


To metals and colours must be added Furs, 
which, according to some heralds, are of ten diffe 
rent sorts, Those most commonly met with are 
however comprised under the names of Ermine and 
Vair, the rest variations of colour and dis- 
position. The first is represented in heraldry. ge 
the field TG Stree Agee, Soe Dates oe Hep 
black, or sable, 

The second is represented. by figures like little 
cups or bells reversed and in lines, thus : 
the colours being, of the field pam of the cups 
Azure, or vice versi; but where the matter is 
| doubtful, the metal to possess the field by pre- 
‘eminence, 


are found in other 
colours, they are no | to be blazoned or 
described as Vair ; but “ Vairy, Or, and Gules,” or whatever else it 


ma be. | t 
The prin pal variations above mentioned are :— 
fds eat th field of which is Sable, and the 

spots and tails Argent, 


2. Erminois, the field Or, the spots and tails 
Sable, 


3. Pean, the field Sable, the spots and tails Or. 


4. Erminites, the same as Ermine, with the addition of a red hair on 
each’ side the black tails. 

5. Vair en point is when the point of a cup or 
bell is opposite to the base of another, . 


6. Counter Vair, when bells of the same colour 
are placed base to base and point to point, 


7. Potent is classed as a fur, but the word signifies 
a. erutch or a gibbet (Potence, Fr.). It is represented 
us— 


8. Potent-counter-potent, sometimes called Vairy 
cuppy, is when the crutches are counter placed ; 
thus— 


rinci, or expressed on the shield are called. 
2 Oniactio® te peg rly and styled honourable. They. 
sonalds of the Ohieh, the Pale, the Bend, the Bend Sinister, the Fess, 


the Bar, the Chevron, the Cross, and the Saltier. 


ac) 
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Peace {> is the upper third of the escutcheon, 
a horizontal line ; thus— 


gs 
S, 


The Pale is the middle third of the field when 


divided perpendicularly. 
This ordinary has two diminutives; the Pallet being half the width 
al = a a “entation tomcat mst 
The Bend is ed by two diagonal lines drawn 
from the right ie deste buat to the left or sinister 
base; thus— 


Bend has four diminutives; the Bendlet, the Garter, the Cost, 


The Bend Sinister passes from the left to the right 
of the oe lage has two diminutives, the Starp 
an 


The Fess occupies the middle third of the shield 
divided horizontally. 


The Rar is similarly formed, but occupies only a 
the prs ope snag ears , 


When the number exceeds five, it is blazoned 
Barry of so many pieces, expressing the number 
and colour, as Barry of Six, Or, and Gules, 


The Bar has two diminutives; the Burrulet, half the width of the 
Bar ; and the Closet, half that of the Barrulet. 
a formed like the rafters 


of a house, and of ical 


The ier is the figure generally known in 
England as St. Andrew’s Cross, and is indeed always 
the German heralds, and frequently by 


_ Eight of these nine honourable ordinaries give their names to the 
various single lines used in dividing the field of the escutcheon, where 
more than one metal or colour is required, such escutcheon being 
described as parted per pale, when divided perpendicularly ; per ess, 
when divided horizontally ; per cross, when in four squares ; per sa 
when in four triangles; per bend, when mally, from right to left; 
per bend sinister, when in the contrary direction; and per chevron, 
when in the shape of that figure. The Chief being itself formed by a 
single line, they do not say parted per chief: but when the ps 


_| line is not straight or even, its peculiarity must be specified in ev 


instance: and of crooked lines there are eight recognised by Engli 
heralds, namely :— 


1, Engrailed Bee UUCUVUVUUUVUUUTEUTTEUT? 
2.Invectted . . Y 
3. Wavy . . . 
4, Embattled . TOU Ls Lk 
5. Nebuly SWUUUUUVUUUUUTUUW 
6. Raguly ‘ LISLSLSLLSLLLSLLLSZLLSLSL. 
7. Indented . WV 
8. Dancette, limited to ‘dies 

indentations. en 


It is therefore necessary to say ‘a Chief engrailed,’ or ‘a Cross 
invected,’ or ‘ Parted per fess, indented,’ and so forth. 

In addition to the nine honourable ordinaries are to be “mentioned 
the subordinate ordinaries, the Gyron, the Quarter, the Canton, the 
Fret, the Pile, the Orle, the Tressure, the Flanches, the Flasques, the 
Voiders, and, according to some authorities, the Lozenge, the Fusil, 
the Mascle, and the Rustre. 

The m is formed thus: and when the shield 
is divided per cross and per saltier into eight similar 
divisions, it is called Gyronry. 


The Quarter is, as its name imports, the fourth 
part of the shield, and is always placed in chief. 


The Canton is a ‘square figure like the quarter, 
but smaller, occupying only a third part of the chief 
itself. 


The Fret is formed thus: when composed of 
more pieces similarly interlaced, the field is said to 
be fretty. 


The Pile is formed like a wedge, thus: it is some- 
times borne in bend, but must then be so described. 


The Orle is a sort of border or frame within the 
shield. 
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The Flatiches are formed by two curved lines 
nearly meeting in the centre, thus : 

The Flasques may be called the diminutives of 
the Flanches, and the Voiders the diminutives of the 
ag ar the only difference is in the quantity of 
the shield which they occupy. 


The Lozenge is of the shape of the Diamond ina 
playing-card. A shield so divided by diagonal lines 
as to form several of such figures is called Lozengy. 


also a aie , is | and 

narrower than the Lozenge. shield so divided by 

lines as to form several of such figures is called 

el ‘| or Fusily-bendy, according 

Su:the whith of tee bade telnet the linea ; 
he 


i 


The Mascle is of the same form as the Lozenge ; 
but hollowed out, or, in heraldic term, Voided, 80 a8 
form a mere frame of that shape. 


The Rustre is a similar figure, but pierced or 
voided round, instead of square, thus : 


To these some heralds add the Inescutcheon, which is a small shield 
placed in the centre or top point of the escutcheon; but this, except 
when borne as an t of pretence, may, in our opinion, 
ranked amongst the common charges, as may also the lozenge, the fusil, 
the mascle, and the rustre. 

We have next to speak of differences, so called from their being 
particular marks borne to distinguish persons of the same family 
from one another. While heraldry was arbitrary, the son frequently 
assumed arms perfectly different from those of his father; but in the 
time of Edward I. we find two marks generally considered as family 
differences or signs of cadency,—the Border and the Label. 

The Border is, as its name denotes, a guard or 
edging to the shield, and by the French heralds is 
accounted an ordinary. The border should alwa: 
be in width one-fifth of the breadth of the shield 
itself, and stops when it encounters a chief, a 
quarter, or a canton, but passes over all other ordi- 
naries. If the interior line is not plain or even, it 
must be described as engrailed, invected, &. When 
divided into four equal parts, it is called a border quarterly. When 
divided into small squares of different colours, it is called a border 
gobonated, or gobony, or compony. When in two rows of squares, it is 
called a border counter-compony. When into three rows of squares, it is 
called cheeky. 

The Label, or File, as it is sometimes called, is a sort of fillet from 
which depend generally three or five lambeaux, or points, thus, 


(Sou (LAL 


It is sometimes however said to have been borne as a common 
and is to be found only with one point and with as many as 
: other authorities consider it always as a di The label of 
is now always used as the difference of the heir or eldest 
son of the first house, 


i 


For the second son the difference is a crescent "s 


i 


For the third, a mullet, or star of five points . . 


For the fourth, a martlet ’ . . . * 


Morea rtas are igeoules ee ee ere 
For the sixth,afleurdelys . ., . . «. 
For the seventh, a rose * * s . ° ° 
For the eighth,a cross moline. . . «. « « 


For the ninth, a double quaterfoll , ., « ~ 


Cee OF €C|,| 


These are called the differences of the first house ; 
first, the six sons of Thomas 


s 
z 


and 
Warwick. ) 


The children of the second house are di 


bobaring 5 comscanth. chergel whe label; tte, Beane anna 


aud so on. 


charged with a crescent ; the third, a crescent charged with a martlet, 


branches of the royal family are however di 


The junior distinguished 
by the label only, the Prince of Wales bearing it simply argent, and — 


the rest differenced by various charges, a practice as ancient as the 
os of Richard II, 

the general term charges we comprise all descriptions of 
borne in coat-armour, whether things animate or inanimate, real or 


imaginary, everything in short contained in or placed upon the shield ; 


but those we have above-mentioned are to be di 
common charges, by which expressions are understood all other. ; 
Many of these, such as crosses and crosslets in all their variety, 
escalop shells, bezants (the golden coins of B: 
nople), Saracens’ heads, &c., were assumed during the C 
after the return of the Crusaders, by themselves or their 
commemoration of those expeditions. Others, such as 
fishes, reptiles, trees, flowers, the sun, moon, stars, & 
itis #0 Nees Of die peoalie acannon Sm ities, or as « 
by some similarity of sound in the pronunciation the names of 
bearers. Such have been called with us canting or punning arms, 
by the French armes parlantes, It has been the fashion with 
heralds to this species of ing; to account it of 
occurrence in ancient heraldry, and less honourable where it did 
but recent investigations prove it to have been one of the 
frequent as well as most ancient descriptions of charges, and 
worthy of respect as any other, It has indeed been that 
the bearing frequently gave rise to the surname itself. is how- 
ever a mere conjecture; but the grants of arms psig th Re 
handed down to us incontestably that when so 
express their approbation of noble or useful deeds 
tions, the name of the person to be honoured was freq 
by the charge, instead of the act he had formed, which 
never have been the case had it been in th 


cpa 


. 
C . 


zk 


inferior . An acquaintance also with the language of the nation — 
and time in which the arms were first granted or assumed, as also of 


its unciation, is of the importance to this question, and 
reearehes say yet shed touch 1 light upon the rook history 
rnish te eagle ; 


ies of allusive bearings is that which designates 
ot the individual; and charges 
nobility derived from ancestors who have held situations of hi 
honour or great trust under our Kei: lara sr ad and lastly, a four 
portion have been assumed, as has exemplified, in honour 
the feudal lord, or most povete ae ie ef, or been 
to the bearer by such nobleman as a mark of respect 

The crest is the next object in point of antiquity to the shield, It 


Hevahany, ain ot Were temp. 
ed in a win ar of Se, Marys Chacha 


tium, or Constanti-— 


ae 


a 
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was the ornament worn upon the helmet, and consequently the helmet 
itself was ge represented with it upon the seal of the knight or 
nobleman. The crest from Richard I1.’s time was rarely worn, except 
upon Loh J helmet, and then upon a wreath which was generally a 
twisted roll of silk of two colours, being those of the family of the 
wearer. Beneath this wreath was frequently worn, as a sort of hood 
to the helmet, a piece of silk or velvet lined with ermine, which floated 
with jagged on a Ee eee French eae 
hachemens, and us manilings or lambrequins. pporters are 0: 
pe to have taken their-rise from the fanciful 
ngrayers, who filled up the space not occupied 
natural animals, by way of 
é common till the close of the 
II. was the first monarch who 
knights of the 
es PAD go apace ergo of the 
a t to supporters, unless ie grant of the sovereign. 
a i é war-cries of the different 
There are several instances however of a motto being borne 
in addition to the eri de guerre. 

The badge or device is frequently confounded with the crest; but it 
was altogether independent of the armorial bearings of the family, 
although in many instances it became Racy: It is frequently, 
incorrectly, upon a wreath. 
it and description of all the above i ia in proper 
heraldic order and terms are styled the marshalling and blazoning of 
arms. 


The verb “to blazon” is 


npet, such being usually the practice before ming the style 
or arms of any on his iGeival th this: cainp, thip Wits, ot e 

hall. The term however was soon applied to the pro- 
clamation itself, and finally used as synonymous with description 
ee Sen, a eat chee written by 
acques de Fouilloux, and ted to Charles IX. France, the 
description of the hare entitled ‘Le Blason du Liavre. To the 


2 
+ 


fame or en Pine ae he also to blazon it. ine, in 
his‘ ThéAtre d’Honneur; says, “Les habitans disent pour blasonner 
leur ville; "and in the Chronicle of Louis L., duke of Bourbon, the 
knights of the order of the crown are commanded not to suffer any 
person to defame (blazonner et medire) the ladies. 

The principal rules of are as follows :— 

1. In blazoning a coat the h begins with the field, noticing the 
lines, if any, by which it is divided, the difference of those lines, and 
then the colours, next the , beginning with the immediate 
charge, that is, the one which nearest the field, such as any 
ordinary, and nearest the centre of the field if a common charge, and 

_ lastly, the more remote or inferior charges. 

Thus the accompanying coat would be blazoned : 
Sista cae hats tedsend, carn, ond gules ; 
argent, a crescent of the first between two mullets sable, 


2. All tautology is to be strictly avoided, and the repetition particu- 

worl as of, or, and with, is considered a great fault. In 
the above blazon, “a crescent of the first’ is said, in order to avoid the 
repetition of the word azure ; so; if it were gules, we should say “a 


crescent of the second.” For the same reason, when the field is undi- 
vided, and the cage of more than one description, of only 
one colour or would be blazoned in this way: “ Argent, a 


chevron between three mullets sable,’ by which the chevron is under- 
stood to be sable as well as the mullets. 

3. Tt is accounted English heralds false heraldry to put metal 
upon metal, or colour upon colour; but instances of such blazoning 


‘frequently occur in foreign arms, particularly in those of German 


The objection is notwithstanding a sound one, as the perry 
should be rendered as distinct as possible, which can only be doue by 
4, a is represented of its natural colour, it is to be 


blazoned 5 
5. In Sisson animals, the teeth and claws, or talons, of the 
ravenous beasts are called their arms ; and when they are to be repre- 
sented of a differerit colour or metal from that of their bodies, they 
must be blazoned as “ armed, Or,” ot “ Gules,” a8 the ease may be. If 
the tongue is shown the beast is said to be ed of stich or such a 
colour, as “a Lion, argent, armed and langued, azure.” More docile 
, the stag and deer, for instance, are said to be “ attired,” and 
not “armed.” Beasts of prey are, according to their attitude, blazoned, 
Rampant, Rampant-guardant, Rain, 


Birds, i to their attitudes, are blazoned Volant, Displayed, 
Preying, &c. . 

Fish, when placed horizontally, are termed “ naiant;” when per- 
pendicularly, “hauriant ;” when lent (as the dolphin is generall 
represented), “ embowed ;” if face to face, “ respecting each other ;” 
back to back, “ endorsed.” 

The sun must be blazoned according to his condition, full, or in his 
eclipse. The moon, defined as crescent, increscent, or decrescent : the 
first being, when represented with the horns upwards; the second, 
when the horns point to the dexter or right side of the shield ; and the 
third, when to the left or sinister side. If downwards, it is called a 
crescent reversed. 

The human figure is blazoned either vested or néked. Parts of the 
gee pp A, Rk Re ; if ragged or torn 
off, . Heads are also blazoned wreathed or banded, as the case 
may be. 

Towers are blazoned jessant, slipped, seeded, &c. 

When the field of an escutcheon is covered with flowers of the same 
colour or metal, or any other pattern with flowers or scroll work inter- 
mixed, it is said to diapered ; but when it is filled with flowers, 
crosses, or any other device of another colour or metal, repeated, as 
the French say, sans nombre, it is then blazoned as semée. An animal 
so covered with flowers or crosses should be blazoned as powdered. 
When the field, charge, or supporter is covered with goutes, or drops, 
it is called gutty ; and if of gold or yellow, gutty d'or ; of argent gutty 
d'eau ; of gules, gutty de sang ; of azure, guity de larmes ; of vert, guity 
de vert ; and of sable, gutty de poix. When a bend, fess, or any other 
ordinary passes over an animal, the animal is said to be delrwised. 
When the charge is divided by any of the partition lines, and the 
colours of the field are reversed upon it, it is said to be cownterchanged. 

By marshalling of arms we understand the orderly disposition of 
sundry coats, belonging to distinct families, in their proper places 
within one shield, by impaling or quartering; and the joining of en- 
signs of honour and dominion with the paternal arms of the bearer, &c. 

When a man marries he impales his wife's paternal arms, by placing 
them upright on the left side of his own in the same escutcheon, such 
impalement being also called arms en baron et femme. If that wife 
should be or become an heiress, the husband may bear her arms on an 
escutcheon of pretence over his own; Legh says, however, that this 
should not be done till he has begotten an heir of that heiress, In 
Scotland the husband frequently quarters the arms of his wife with 
his own when she is am heiress, In England this is only done by the 
children of such a marriage. If the mother be no heiress, the children 
cannot quarter her coat. 

Another mode of impalement was by taking only half of each coat, 
and joining them in one escutcheon. This was called dimidiation ; 
but the practice has long fallen into disuse. 

The complete escutcheon of a family should never, according to 
some authorities, consist of more than six or eight quarterings ; others 
admit of sixteen; and the Germans marshal sometimes twenty and 
thirty coats in one shield. 

The best mode of marshalling so many is to begin by placing the 
arms of the first heiress who married into the Tanily next to the 

ternal coat, and next to them the several coats which that heiress 

t in; then the arms of the second heiress, followed by those 
which she brought in, and so on in rotation, When the royal arms 
are brought in by any match, it is usual however to give that match 
the second quarter next to the paternal coat, and some say it should 
even take precedence of that. 

The arms of a widow are composed of her husband’s and her father’s 


a= 9 within a ey 
hose of a maid are her father’s only, borne in a lozenge also, with- 
out any difference, except she be of the hy be family, in which case a 
distinction is expressly furnished by the heralds for the individual 
coat by the command of the sovereign. 
lf the widow be an heiress, she may wear her paternal coat in an 
escutcheon of pretence over that of her husband, the latter however 
being in a lozenge, and her daughter, while utmarried, may quarter 
her mother’s arms with her father’s in a lozenge; but if the mother be 
no heiress, then, sa; Legh, the daughter has no further right to the 
arms of her mothers family, except to set them up pale-ways in her 
house to show her descent. 

If the husband be a knight of the garter, or of any other order, 
the arms of the wife must not be impaled, but placed in a separate 
shield. 

Such are the principal rules and terms of the science of heraldry: 
for further detail we must refer our readers to the works of Edmonson, 
Nisbett, , &e., cautioning them, at the same time, against the 
Scylla and bdis of the heraldic inquirer, the absurd and mis- 
directed enthusiasm of the champions of the art, and the undeserved 
contempt of its depreciators. By the latter it has been stigmatised as 
“the science of fools with long miemories.” It should rather be 
d as a science Which, properly directed, would make fools 
wise. It is, we repeat, a key to history which may yet unlock stores 
of information ; at present its most learned professors have studied 


The | the art itself more than the use which may be made of it. They have 


wasted their time and their learning’ upon idle controversies, and still 
more idle speculations. A mysterious signification has been given to 


HERCULES, 


every charge and tincture known in 
one aye every writer upon the subject. names of the 
ordinaries = a a eat honk toes ancl 
thro wet wn language, without one uci- 
pany which we can Even the word blazon, the only one 
we haye ventured to hint the origin of, has been hotly claimed as 
Arabic by some disputants, and we will certainly not extend this 
article one line by an attempt to dispro’ 


, and a different 


ve it. 

HERCULES, one of the old constellations, called éryoracw by 
Aratus, Hyginus, and Ptolemy, and described by the first as “a figure 
like that of a man in sorrow” while the second offers various fabular 

from the stories of Hercules, 

yris, Ixion, Prometheus, &c. The club, lion’s skin, and character 

of Hercules, are not so old as Aratus, who describes this figure as 

stretching his hands to different quarters, and makes an allusion to the 
oo yea dragon, which shows that he was not ting a hero, 

e constellation is situated between Draco, Bootes, Lyra, and 
Ophiuchus; but as there is no star in it larger than of the third 
magnitude, there is nothing very remarkable about it. The stars a 
and £ lie between the _— stars in the head of Ophiuchus and in 
Corona Borealis, The following is a list of the principal stars :— 


No, in 
No. in Catalogue of British 
Character, of Fi d Associati Magnitude. 
7 20 5466 35 
T 22 5463 4 
B 27 5525 25 
7 28 5531 4 
h 29 5532 4 
c 35 5552 4 
¢ 40 5604 3 
n 44 5617 3 
€ 58 5731 3 
a 64 5821 35 
6 65 5828 4 
® 67 5834 35 
rd 75 5886 4 
‘ 85 5990 4 
“ 86 6021 4 
@ 91 6082 4 
é 92 6084 4 
o 103 6150 4 
3 109 6251 4 


HERCULES. [Heractes.] 

HEREDITAMENT. [Cuarrets; Descent; Estate. 

HERESY, HERETICS. The word “heresy” (from ts, choice) 
was originally used to express any opinion which a man adopted. 
Thus it was applied to the phil sects of Greece and Rome. 
(Cicero, ‘ Paradox. gous In ered vitae apes the bane Or 
simply denotes a religious party, without imp! any censure. (Acts, 
v. “af 5; xxvi. 5; xxviii. 22.) Josephus hs those Jewish 
sects “heresies.” (* Antiq. Jud.,’ xiii., c. 5,8. 9.) But it is also used in 
the New Testament as a term of Thus it was applied by the 
Jews to Christianity (Acts, xxiv. 5,14), and by the A) les to those 
who resisted their doctrines (1 Cor., xi. 9; Gal. v. 20; 2 Pet. ii. 1; 
Tit., iii. 10). The fathers applied the words heresy and heretics re- 

ively to opinions which were different from what they considered 

e doctrine of the A , and to those who held such opinions, 
though some of the ers draw a distinction between heresy as a 
wilful rejection of the doctrines of Scripture, and errors arising from 
ignorance or weak judgment. When the creed of the church began to 
be settled by ecclesiastical councils, all who refused to submit to 
their decisions were denounced as heretics. They were also called 


heterodox, while those who adhered to the opinions of the church were” 


called orthodox, or catholic. Heretics were distinguished from un- 
believers, inasmuch as they professed Christianity. Heresy must not 
be confounded with schism : the former relates to doctrine; the latter 
is any division on points of discipline. The number of heresies men- 
tioned by early ecclesiastical writers is from 80 to 150; but Lardner 
(‘ Hist. of Heretics,’ i.5) has shown that many of these ought to be 
excluded from the list; nor have we any evidence that many of them 
had numerous followers. 

Most of the heresies of the first two centuries related to the creation 
of the world, the origin of evil, the person of Christ, and the connection 
between Judaism and Christianity; and nearly all may be included 
under two great sects :—1. The Ebionites and Nazarenes, who, upon 
embracing Christianity, adhered to man, Jewish opinions and ceremo- 
nies. 2. The Gnostics, who upon the Christian religion 
certain opinions of the Greek and Oriental philosophy. Some however 
regard the Ebionites as a sect of Gnostics. these heresies are 
supposed to have commenced in the Apostolic age, and to be referred 
to in the writings of St. Paul and St. John, [Estonrres ; Gyosttics.] 

The Gnostics appear to have been early divided among them- 
selves concerning the respect which ought to be paid to the Mosaic 
law, and a new sect was formed hy a Jewish Gnostic named Cerinthus 
(Cermravs, in Broo, Dry.] The Nicolaitans mentioned in the ‘ Apo 


cal, ’ (ii. 6, 15) are 
Sone abealify them wi 


and 
tin i wages’ spiaionn of bie a rey bi 
us, an m some own wy - 
cism, and founded a new sect. His party was strongly opp od by 
Ireneus and Tertullian. Another sect took its rise the 
Spee cf the Ce ee ee ens 
onl who began to propagate Sekt Waste ne mens O00ws A.D. lea 
e 


belief in two supreme powers, the one good and the other evil. The 
principal followers of on were Ly or Leucius, and Apelles, 
About a.D. 172, Bardesanes and Tatian gave rise to a new sect of 


i Docete were a 
sect of Gnostics who up early. Rey bel i 
of Christ was , and ‘ore did not suffer on the cross, 
only appeared to die. Several minor sects of Gnostics are mentioned 


by ancient writers, such as the Adamites, the Caini be iocae 
aid the Opbians, tn account of sihioh is pitas ta: adoons's *Sanaee 
the 


and Cainites. The sect of Eclectics, or New Platonists, was founded at 
Alexandria in the 2nd century ; but though its tenets were embraced 


many Christians, it is rather to be regarded as a philosophical than a _ 
Chalets cock [Ecixcrtes. 
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doctrine of the Trinity; 


and Patripassians, because were 
to believe that satwed. ¢ bs 8 


on the cross: this opinion 


was that of Hermogenes, who believed in the eternity of matter. 
The Montanists, who arose in Phrygia about the year 170 (some 
fanatics ‘than heretics. Their 


TULLIAN, in Broa. Div.] We find traces of this heresy down to 
the time of Augustine Jerome. Some inconsiderable heresie 
arose in the 2nd century on points connected with the rites 
and ceremonies of the church, such as the Artotyrites and others, 
[Communton.] 

In the 3rd century Gnosticism still had adherents, though it was~ 
fast falling into disrepute. But a new heresy arose out of the Oriental 


discipline. . 

In the 4th century the attention of the church was chiefly occupied 
with the aap controversy. [ARrvs, = Bros. Drv.] Out le 
disputes other heresies arose respecting the person of Christ, such as 
that of Apollinaris [Aro.iranrts, in fics. Drv.], Marcellus, Photinus, 
and onius. Near the end of this century we find a new sect 
of Gnostics in Spain, under the name of Priscillianists, The Donatists, 
who caused great commotions in the church di this century, are 
rather to be classed as schismatics than with [Donarvs, in 
Broa. Dry.) For an account of certain minor sects in the 4th century, 
“iat the begining of the Sth contary the Palagan 

t the ig of the 5th cent controv: arose, 
[{Pecactvs, in Broo. Drv.] The diap ates ochenatinn the Trinity and 
the person of Christ continued to give rise to new sects, the chief of 
which were the Nestorians and their —— the Eutychians, or 
Monophysites. [Evtycues, in Broo. .] The controvergies of 
these sects with the orthodox and each other continued nearly 200 
years, producing various minor sects, such as the Monothelites, the 


a. 
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Anthropomorphites (who maintained, from Genesis, i. 27, that God 
had a human shape), and others. 

The rapid spread of the monastic system in this century was warmly 
resisted by Vigilantius, who thus incurred the enmity of Jerome, and 
has been ranked among the heretics. 

the 6th cen’ the Monophysites continued to branch out into 
new sects, several of which arose on the question whether the body 
of Christ was corruptible or incorruptible. Other minor sects are 
mentioned by Mosheim. (‘Ecc, Hist.’ vol. ii.) After this time most 
of the ancient sects remained in existence in different parts of the 
Christian world with greater or less vigour. The only new sect which 
requires a distinct notice is that of the Paulicians, which was formed 
in Armenia and padocia in the 7th century. After suffering 
severe persecutions they were di over Europe, in various parts 
of which they formed settlements about the 11th century. The origin 
of the Albigenses is traced to a body of Paulicians which settled in 
France. [Atsicenses.] The doctrines of the Paulicians have been 
identified by some with those of the Manichzans, while others 
them as reformers of the corruptions of the church. (Vaughan’s 
* Life of Wycliffe, Introd., c. ii.) 

Before Reformation in nd heresy was the holding of 
eet re ten ne Cone faith and the determination of Holy 
Church (2 Hen. IV. c. 15). The court in which a man could be con- 
victed of at common law, was that of the archbishop in a 

i After conviction the criminal was delivered up to 
the king to do what he pleased with him. If the criminal had 
abjured his heresy and then , the king in council, upon a 
second conviction, might issue the writ De Heretico comburendo, 

which the criminal was burnt alive. One Sawtre, it is said, was 
first man burnt alive for heresy in England, and the writ De 
Heretico comburendo was formed in this case. But the above-men- 
tioned statute empowered the diocesan alone, without a synod, to 
Gated wi en hardiealcikaieesl, aul to-teacleon bins on lone on.bo 
chose, or fine him; or if he refused to abjure, or after abjuration 
|, the sheriff, mayor, or other officer, who should be present, if 
required, with the ordi or his commissary, when the sentence was 
pronounced, was to take the convict and burn him openly, without 
waiting for the king’s writ. 

It is unnecessary to mention the statutes of Henry VIII. relating to 
San elt’ Reformation was not fully established till the reign of 

i , the first statute of whose reign repeals all the former enact- 
ments, and leaves heresy as it stood at common law. (5 Rep. 23). 
There is no statute that determines what heresy is. The statute of 
rr a ee benceotore beth. boon adjaiged hereon 
re ees rete hs fret fous councils. After 
Reformation was fully i , heresy was punished by ecclesiastical 
censures, and by alive a criminal who had been convicted in a 

jal synod, The writ for burning the heretic could not be 
demanded as a matter of right, being left to the discretion of the 
crown; but both Elizabeth and James L, in their discretion, thought 

to grant the writ. Elizabeth, it is said, burnt alive two ana- 
ists, and James two Arians. 

statute 29 Charles II. c. 9, abolished the writ De Heretico 
comburendo; and heresy is now left entirely to the ecclesiastical 
courts. As Elizabeth sis Sean pore showed their approbation 
oe burning heretics alive, so Coke (3 ‘ Instit.’ c. 5) approves of 


t. 
At the ecclesiastical courts punish for heresy, when they do 
pro salute animae, as it is termed—that is, solely out of regard 
to the soul of the offender, But it is difficult to say at present what 
ee | and perhaps it is difficult to say what is exactly 
i it. 


Its history in England is instructive, but the change from burning 
alive to the free ion of opinion on religious matters is one of 
the greatest steps in the social pi of this country. For some 


other matters connected with the subject, see Buasruemy. (Blackst. |- 


* Comm,’ Mr. Kerr's ed., vol. iv. p. 40.) 

HERIOT is a feudal service ing in a chattel rendered to the 
lord on the death of a tenant, and in some places upon alienation of a 
tenant, It is stated to have originated in a voluntary gift made by 
the dying tenant to his lord and chieftain of his horse and armour. 
(Glanvile.) This render became first usual, then compulsory; and at 
an iy Sage we find the ancient military gift sinking into the render 
of the animal (at the election of the lord) possessed by the tenant, 
and sometimes a dead chattel, or a commutation in money. (Bracton, 
Fleta; Coke-Littleton.) 

Heriots are either heriots-custom or heriots-service. Where a heriot 
is due from the ppl, Pag by reason of his filling- the character or 
relation of tenant within a seigniory, honour, manor, or other 
district, in which it has been usual from time immemorial to make 
such renders upon death or alienation, it is called heriot-custom : heriot- 
service is a heriot due in respect of the estate of the tenant in the par- 
ticular land held by him. 

For heriot-custom the lord cannot distrain, because the duty arises 
out of the character or relation of tenant sustained by the party within 
the seigniory, &c., in which the custom is found to exist, not, as 
in the case of heriot-service, in of the i land holden. 
As the selection of the best. animal is however with the lord, he may 
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determine his choice by an actual seizure, upon which the property in 
the animal will vest in the lord by the mere act of seizing it. 

But for heriot-service the lord may either seize or distrain. He may 
seize, because by this act of selection the property is vested in him; 
or he may distrain, because, the land being the debtor, the lord may, 
by the coercion of a distress upon that land, compel the succeeding 
tenant to delivef or procure the delivery of the heriot. 

Where the heriot-service has been created since the time of legal 
memory, it is called a heriot by reservation, and sometimes a suit-heriot : 
if its origin go back beyond the limits of legal memory, it is called’a 
heriot by tenure. 3 

Heriot-custom formerly prevailed very extensively in freehold lands, 
but is now more commonly found in lands of customary tenure, 
whether copyholds,—the conventionary estates in Cornwall, held under 
the duke of Cornwall,—the customary estates called customary freeholds 
in the northern border counties,—or lands in ancient demesne. 

Heriot-service may be reserved in of a freehold, or leasehold, 
or a customary tenure; but as, since the statutes of Quia Emptores 
and Prerogativaé Regis, it is probable that no new sub-tenures in fee 
have been created, and as it has not been usual to reserve heriots upon 
gifts in tail, or upon the creation of freehold leases for lives, heriot- 
service in modern times is generally found in connection with long 
leasehold estates, where, in consequence of some restriction imposed 
upon the exercise of the leasing power, or in token of respect for 
ancient usages, this species of render has been retained. 

Heriots, whether heriots-service or heriots-custom, are multiplied 
whenever the land subject thereto becomes divided amongst different 
tenants holding distinct parts of such lands in severalty. Where 
therefore land is held subject to a heriot-service to be rendered at the 
death of a tenant, if the tenant alien part of the land a distinct heriot 
will be due,upon the death of both the alienor and the alienee; and if 
such distinct heriots have in fact become due and have been rendered 
or compounded for during the alienation begs ea lord will have 
obtained actual seisin of the several heriots), the liability to pay such 
multiplied heriots will continue, even though all the land should after- 
wards be reunited, and vest again in the same person. Inattention to 
these rules has caused some strange and contradictory decisions in the 
courts of Westminster. (2 Nevilefand Mann, 798.) > 

A distress for heriot-service must be taken upon the land in 
of the tenure or upon the demise of which it is reserved ; and where 
double or treble heriot has become payable by reason of alienation, the 
liability attaches severally upon each of the severed portions of the 
estate. All goods found upon the land, except such as are privileged 
from distress [Distress], may be taken as a distress for a heriot- 
service, whether they belong to the tenant or to a stranger, such goods 
being held merely as a pledge for the performance of the service. But 
where a heriot-service is by the terms of the reservation commuted for 
a money payment (or rather, where the reservation of a contingent 
money payment is improperly designated a heriot), the reservation 
will be in substance a rent; and therefore the distress taken for this 
reservation (so miscalled a heriot), if not redeemed by payment, or 
replevied within five days after notice, may be sold as a distress for 
rent under the provisions of 2 William and Mary, c. 5. 

Heriots were known in England before the complete development of 
the feudal system which followed upon the Norman conquest. The 
Normans introduced reliefs [Retrer] without abolishing the analogous 
heriot. The heregeate (heriot) is mentioned and fixed by the laws of 
Canute, 67, &c. The Dano-Saxon ‘ heregeat’ is derived by Spelman, 
and after him by Wilkins, from herge (more properly here), army. It 
means literally, “war-treasure,” a contribution given to the lord to 
enable him to carry on war. iginally it seems to have been a 
poetical ——_ for the horse and armour which as before mentioned 
were the chattels given in the earliest times by way of heriot. In 
Scotland, where the render upon the death of the tenant is a pecuniary 
payment, it is called ‘ lord’s money,” “ hergeld,” or “herrezeld.” 

ERM, terminal or pillar statues, placed in Greece and Rome at 
the meeting of streets and roads, in front of houses, temples, and other 
public places. They were termed Herme from the head being usually 
that of Hermes, The pillar on which the head was placed was mostly 
quadrangular, the whole being the height of aman. Several of these 
Herme are in the British Museum. [TeRMinus.] 

HERMES, one of the twelve Olympian deities of the ancient Greeks, 
known to the Romans as Mercurius. According to Hesiod (‘ Theog.,’ 
942), he was the son of Zeus and Maia, the daughter of Atlas. The 
attributes of this deity are numerous and of Saree kinds 5 but it 

pears probable that he was originally considered to preside over 
flocks aan. herds. Hesiod says (‘Theog.,’ 441) that the herds 
address their prayers to him; for which reason the statues of Hermes 
are frequently represented with a ram by his side or on his shoulders. 
(‘ Pausan.,’ ii, 3,4; v. 27,5; ix. 22,2. See also ‘Iliad, xix. 490-1.) 
The phallic form, which distinguished the Hermz at Athens (‘ Herod.,’ 
ii. 51), also appears to indicate that this god was considered to increase 
the fruitfulness of the fields and cattle. Herodotus informs us (ii. 51) 
that the Athenians were taught by the Pelasgians this manner of 
representing the statues of Hermes; and that the reasons for this 
custom are explained in the Samothracian mysteries. Hermes was 

resented in a similar manner at Cyllene in Elis. (‘ Pausan.’, vi. 26, 3.) 
This custom is also spoken of by Cicero (‘De Nat. Deor.’, iii. 22) and 
xXx 
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Macrobius (‘ Saturn.’, i. 19), According to some traditions, Hermes is 
said to have been born in Arcadia (‘ Pausan.’, viii. 16, 1), and to have 
been the father of Pan; but ing to another tradition, he was 
born at Tanagrain Beotia. (‘ Pausan.’,ix. 20,3.) He was worshipped 
by the Thessalians above all other deities. (‘ Herod.’, v. 7.) 

In Homer the name of this deity is usually Hermeias, He is 
represented as the messenger of Zeus and the gods, and he conducts 
the souls of the departed to Hades, In later times he was regarded as 
the god of eloquence ; but this no doubt arose from the association of 
skill of speech with the herald’s office. As god of eloquence tongues 
of animals were offered to him. Hermes was the inventor of the 
alphabet ; of numbers; of music, and of musical instruments, as the 
lyre and the syrinx; also of weights and measures, and various other 
en He was the patron of merchants and of gain, and even of 
thieving —of all things in fact the exercise of which required prudence, 
cunning, and dexterity. And he was the protector of travellers, 
heralds, poets, musicians, and of those engaged in gymnastic exercises, 

All the accounts from Homer downwards, unite in attributing to 
him extreme acuteness, and a propensity for thieving. One of his very 
earliest deeds, according to some writers within a few hours of his 
birth, was to steal the oxen of ApSllo, from Pieiria, though others 
place it at a later date. His later adventures mostly turn on the 
exercise of his talent in speech, his cunning, or his dexterity evinced 
in his employment as the messenger of the gods. He also acted as 
charioteer and cupbearer to Zeus. He was active, full of bodily 

igour, swift of foot, fertile in resources, cheerful, sensual. 

e statues of Hermes, which were originally square blocks with a 
carved head upon them, were placed in the doorways of most private 
houses and temples at Athens, They were also erected where several 
roads met, to point out the way, and in the gymnasia, or ‘public places 
of exercise. In early art, Hermes is usually represented with a 
chlamys, or cloak; a petasus, or travelling hat; talaria, or winged 
sandals ; anda caduceus («nptxeov in Greek) or wand, with two serpents 
twined about it, in his hand. Originally the kerukion was an olive 
branch or staff—Hermes among his many benefits having taught man- 
kind the mode of cultivating the olive. In later examples the chlamys 
is much reduced in size; the is almost always, and the caduceus 
often, a pair of wings; and the god holds @ purse in his hand, or is 
Raasnilg! sphaiiahed with the right hand uplifted as the god of 
eloquence. In small works he is figured as psychopompos, conveying 
souls to Hades, &c. The representations of the deity in ancient works 
of art are very numerous, whether as single figures or as a portion of a 


up. 

The original seat of the worship of this deity appears to have been 
Arcadia, whence it spread all over Greece. Temples dedicated to him 
were numerous, both in Greece and Rome. The festivals of Hermes 
were in Greece called Hermaia, (“Epyaa). ’ 

The Egyptian god Thoth was called Hermes by the Greeks. His 
attributes correspond in many respects with those of the Grecian 
deity. According to Plutarch (‘Sympos.’ Probl. 3), the Egyptian 
Hermes is said to have invented letters in Egypt. According to 
Diodorus Siculus, who appears to have confounded the attributes of 
the Egyptian and Grecian deity, he was the inventor of almost all the 
arts and sciences ; a vast number of works are attributed to him. 

HERMIT, more properly Hremite, from the Greek épyuirns, signi- 
fying an inhabitant of a desert, is the name given to such religious 
persons as retired from society without becoming members of any 
monastic community. The distinction between hermits and monks, 
and the origin of both, are explained under the term Monacnism. See 
also AncuoreT and Ascetic. 

HERNIA (from épvos, ernos, a branch), signifies the protrusion of 
any organ from its natural position in the body; as hernia cerebri, 
hernia pulmonis, when the brain or lung protrudes through an aperture 
im the skull or the chest. But when used alone, this term means 
what is commonly called a rupture, that is, the protrusion of any por- 
tion of the intestinal canal from the cavity of the abdomen. 

Herniz sometimes form without any evident cause, the intestine 
being gradually protruded ; but more frequently they result from some 
violent bodily exertion, as lifting heavy weights, excessive coughing or 
straining ; or from sudden jarrings or shocks, as in jumping or falling ; 
or from blows on the abdomen, 

The general characters distinguishing a hernia are, a tumour, neither 
red nor hot, and often not painful, situated at some part of the abdo- 
men, most frequently in or near the groin; largest when the patient 
stands up, and often disappearing entirely when he lies down ; distended 
by coughing or other violent expiration, and liable to variation in size 

exercise or rest, by abstinence or taking food; often producing 

rders of the digestive canal, as flatulency, colic, &c, In the cases in 
which the hernia forms suddenly, as in consequence of a great exertion, 
the patient feels as if something had given way at the groin or other 
part of the abdomen, and on putting his hand there he feels a tumour 
which may vary in size from that of a nut to that of his fist, is 
elastic, hard, and tense, and soon after the accident becomes painful 
and tender. In the other class of herniw, which may be called 
spontaneous, the tumour forms almost imperceptibly to the patient, 
and grows larger regularly but slowly ; is attended with no pain, but 
merely a sense of weakness about the part; and pag va apie 5 or 
entirely disappears in the recumbent posture. If a h can be 


returned into the abdomen at pleasure, it is not by itself a dangerous 
disease; but if it become strangulated, that ia, id the intestine is so. 
constricted by the parts through which it has passed that its contents 
cannot puss through it, and its vessels are so much compressed that 
avtive inflammation is excited, it constitutes one of the most serious 
accidents to which the human body is liable, The symptoms in- 
dicating strangulation of the intestine are obstinate constipation of the 
bowels; pain and tenderness of the tumour, and from it 
over the whole surface of the abdomen; extreme restlessness 

languor ; nausea and vomiting; a hard, small, and ; thirst 
and coldness of the limbs. If the hernia be not these 
symptoms will regularly increase, till mortification of the intestine 
ensues, and (except in some most rare cases) death rapidly follows. } 

The above symptoms and other circumstances are common to all 
hernise wherever situated, and are only modified slightly by the part 
of the abdominal contents protruded, the narrowness of the ; 
through which it is forced, and the constitution of the patient. it 
there are some local circumstances peculiar to each, according to the 
part at which the intestine is protruded, which require to be noticed in 
connection with the mode of returning each into the abdomen and of 
‘Yetaining it there. 

The most frequent kind of rupture is the Inguinal, and it is far 
more common in males than in females. It forms a tumour, occupying 
either the groin alone, or extending thence more or less =a 
downwards between the To reduce it the patient | be 
laid on his back with his loins lower than either his shoulders or his: 
hips, and the knee of the side on which the hernia has formed should 
be raised and turned a little inwards. The o grasping a con- 
venient portion of the tumour with his right hand, should press it in 
the direction contrary to that in which it has protruded, and there 
retain it, while with his left finger and thumb placed at the narrowest 
part of the swelling he moves the intestine from side to side, alter- 
nately pressing and relaxing it, so as to empty some of its contents, 
and force it into the abdomen. If any portion be pressed through, a 
slight gurgling noise will be heard, and by continued efforts the 


will most probably follow. 

An inguinal hernia may attain the size of an adult's head or more; 
but a Fenioral hernia, which is the kind most common in females, is 
rarely more than two inches in diameter, and generally much less. It 
is usually of a rounded form, situated just below the groin, about two 
inches from the middle line of the body, and always feels hard and 
tense. The principal constriction is deep in the thigh, directly under 
the tumour, which tends to pass upwards over the groin. In reducing 
it the position of the patient should be the same as for inguinal hernia: 
if the tumour be large enough to grasp, it should be pressed directly 
backwards, as if to force it deeper into the thigh; but if it cannot be 
grasped, it should be pressed in the same direction, with the balls of 
the thumbs placed side by side upon it. 

In Umbilical and Ventral herniw, which come straight out from the 
front of the abdomen, the globular and pendant tumours which 


form, and which often attain a considerable size, should be . 


with one hand, and pressed directly backwards towards the spine, 
while the opposite hand, as in inguinal hernim, guides the successive 
portions through the aperture. 

Whatever be the situation or condition of a hernia, it should be at 
once, if possible, reduced. The patient should go to bed, and, after 
lying a short time on his back, with his knees raised, the intestine will 
often of itself recede into the abdomen, especially if it have been 
frequently protruded; but if it do not, then the manual operation just 
described should be employed. The foree used in it should never be 
so violent as to give much pain, and in old herniw little or none should 
be caused ; nor should the manipulation be continued for more than a 
quarter of an hour at a time, nor so long as to bruise the tumour or 
make it tender. If it fail, there are several auxiliary means that may 
be employed, of which a selection must be made according to the 
circumstances of each individual case. The warm bath should be first 


has recently 
in the bath, 
should be ar and the same opportunity 
the intestine. 
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means employed should be the continued application of cold by ice or 
a rapidly eva) ing lotion laid over the tumour, and kept there 
unless it ces much pain, till all the tissues are contracted and 
hard, for it is by their equable and powerful contraction on the intes- 
tine, and by the diminution of its volume, that reduction is sometimes 
thus effected even without manipulation. A hernia may be sometimes 
reduced by placing the patient under the influence of chloroform. 
Should this fail, and the symptoms of strangulation be increasing, the 


‘only means left before operation is the tobacco enema. Great caution 


is necessary in employing it; it should never be used except in other- 
wise healthy and tolerably strong persons, nor till the other means 
have failed. A dram of tobacco being steeped in a pint of boiling 
water for ten minutes, half the infusion thus made should be used 
first; and if it luce no evidently depressing effect, the other half 
may be injected in half an hour afterwards. The usual consequence is 
an extreme degree of languor and sinking, a kind of deadly coldness and 
paleness, and the last stage of depression: in this state a last attempt 
at reduction should be made; and if still unsuccessful, an operation 
must be resorted to. The tobacco enema should not be employed 
unless the of strangulation be quite evident. If the hernia 
seem merely irreducible, but is not , and if cold, and 
warm bath and bleeding (if deemed advisable), have failed, the patient 
should be left, and an active dose of aperient medicine given him, for 
sometimes the bowels will, under the operation of these means, return 
of themselves into the abdomen. 


so as to prevent its shifting its position during exercise ; and in 
some cases, where this is apt to occur, another band should pass from 
behind under and inside the thigh and be fixed to the pad. Another 


must rest on the spine, just below loins, where 
it is least moveable. When there is a hernia on each side, a double truss, 
that is, one with a pad for each side, and one or two springs long enough 


to reach quite round the body, must be worn: if there betwo springs, 


ength for the spring of the truss, a measure 
may be taken by a string fixed at one end over the centre of the ring, 
at that part where, when the patient coughs, the intestine may be felt 
endeavouring to protrude, and thence carried round in an oblique 
direction between the most inent part of the hip and the top of 
the haunch-bone to an inch Fos the spine. The pad should be of 
a size ee ane the ring, and the spring should be 
strong enough to e t not pegs pressure. 

HERO, HEROIC, HEROISM. ese words flow directly from the 
original Greek word “Hpws, which denoted (at least in the times subse- 
quent to the Homeric poems) a person intermediate between gods and 
men, and usually of divine descent on at least one side. , Such were 
worshipped with divine honours by those cities and races of men which 
claimed them as their founders or ancestors. This divine origin 
however was not essential: thus Philippus of Crotona, who fell in 
battle against the Phoenicians and Egesteans, was made a hero for his 
beau ; a heroon, or shrine, was built on the spot where he was 

and sacrifices were offered to him. (‘Herod.,’v. 47.) At a later 
age Aratus and Brasidas were worshipped as heroes at Sicyon an 
Amphipolis; and the Athenians slain at Marathon received similar 
honours. Concerning these last, legends were current which show 
that a bis» epider and mythological character was really ascribed to 
they probably were the latest of the Greeks to whom such a 
was attributed. The Heroic age, properly so called, a 
however to have terminated with the immediate descendants at the 
Greeks who returned from Troy, and to have extended backwards for 


an uncertain length, estimated by Mr. Thirlwall at six generations, or 
about 200 years. This is the fourth or Heroic age of Hesiod, in’ 
which Zeus “ made the divine brood of heroes, better atid braver than 
the third or brazen race” (‘ Days and Weeks,’ 157), the princes and 
warriors of mythological history, such as Theseus, Perseus, and those- 
who fought in the sieges of Thebes and of Troy. In Homer the word 
hero occurs frequently, but in quite a different sense: it is applied 
collectively to the whole body of fighters, Argeii, Danai and Achei, 
without reference to individuals of peculiar merit; and indeed often 
appears to be used for little more than an expletive, when he, or the 
man, or the soldier, would have done equally well. Indeed the appli- 
eation of the word is not even limited to warriors; but is applied to 
heralds, wise counsellors, kings, &e. It has been suggested, with con- 
siderable plausibility, that the word originally denoted the members of 
those jroving bands who in the earliest times overran Greece, issuing 
Yorth from the south of Thessaly and giving extension to the name, 
first of Achans, and afterwards of Hellenes, as we learn from the 
legends in Pausanias and Thucydides ; so that in the same sense the 
Normans who colonised Italy, or the Saxons who settled in England, 
might justly be called heroes. The root of the word seems to be her, 
whence the Latin and German forms of herus and herr (master), here, 
hertha, heracles, vir, virtus, &c. The same root seems to exist in the 
word Arimann, which denoted a particular order of freemen among the 
Lombards, existing at the time of the establishment of their empire 
after the Lombard conquests. There seems little doubt that this 
elass originated in the warrior caste of the Lombard invaders, and the 
establishment of the name thus furnishes an analogy to the theory 
suggested above as to the origin of the Homeric use of the word hero. 
Even the name of German, and the meaning of brother attached to the 
word in Latin, may originate in the same sense of a member of an 
armed family or body: the root in all cases appearing to involve the 
notion of might or mastery. The Sanscrit word séra appears to 
contain the same element as “ heros.” 

The promiscuous (or Homeric) use of the word hero disappeared in 
the age succeeding the Homeric poems. It seems probable that the 
Hellenic invasion, commonly called the Return of the Heraclide, put 
an end to it. The new conquerors of Southern Greece do not seem 
themselves to have borne or used the title; and afterwards, when 
they, or their descendants, looked back to the warlike legends of the 
earlier race who had borne the title, the lays, exploits, and persons 
were called heroic; and from the combined effect of poetical exag- 
geration, reverence for antiquity, and traditions of national descent, 
the more modern Greek use of the word arose, ing with it notions 
of mythical dignity, and of superiority to the later races of mankind. 
The custom of showing respect or affection by making precious 
offerings, and celebrating costly sacrifices at the tombs of the dead ; 
the imaginative temper of the Greeks, which, as it loved to ascribe a 
divine genealogy to the great, was equally willing to admit them to a. 
share of the divine nature and enjoyments after death ; and the love of 
magnifying past ages, common to all nations, will sufficiently explain 
the change of earthly leaders into protecting genii or demons, who 
were believed immortal, invisible, though frequenting the earth, 
powerful to bestow good or evil, and therefore to be appeased or pro- 
pitiated, like the gods themselves. In the age of Hesiod, as is evident 
from the passage above referred to, the age of heroes was past, and 
they were already invested with their mythological character, which 
appears to furnish one, among other reasons, for believing him to have 
lived after the Homeric age. 

In the common English use of the words a hero denotes only the 
chief or most distinguished person, the hero of a victory, or the hero of 
anovel. Hudibras is the hero of Butler’s poem; but hero and heroism 
still preserve their original characteristics, and are applied to actions 
evincing an unusual or even superhuman degree of bravery and virtue. 

(Thirlwall’s History of Greece, ch. v.; Philolog. Mus. No. 4, ‘ On the 
Homeric use of the word “Hpws;’ Wachsmuth’s Hell. Alt.; Von | 
Fogle History of the Roman Law during the Middle Ages, vol. i., 


ch, 4.) 

HERO'DIANS (‘HpwS:avol, Matt. xxii. 16; Mark iii. 6; xii. 13; see 
also Mark viii. 15), were in all probability a political party in Judea, 
who were anxious to preserve the government in the hands of Herod’s 
family, By some the Herodians are thought to have been a religious 
sect ; but they are not mentioned either by Philo, or by Josephus in 
his enumeration of the Jewish sects. In their religious opinions they 
probably belonged to the sect of the Sadducees, since that which is called 
by Mark (viii. 15) “ the leaven of Herod” is styled by Matthew (xvi. 6) 
“the leaven of the Sadducees.” They were no doubt the esbeeee and 
followers of Herod the Great. This view is supported by the Syriac 
version of the New Testament, which renders Herodians, by servants 
of Herod. Politically, they advocated compliance with the idolatries 
and customs of the Romans, to which the Pharisees were opposed ; and 
this opposition throws light upon the snare laid for Christ in the ques 
tion propounded by both sects (Matt. xxii. 16, 17) as to the lawfulness 
of paying tribute to Cesar. As-+the answer seems rather in favour of the 
Herodians, the leaven of Herod must have consisted of.the idolatry.' 

HEROIC AGE. [Hero.] y 

HEROIC VERSE, in its ancient sense, means that which was the 
vehicle of Greek, and subsequently of Latin, epic poetry, of which the 
actions of the heroes were the appropriate subject, [HexamETErR.] In 
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English, our common ten-syllable couplet ‘passes under this name, 
chiefly, it should seem, because it is the measure into which the epics 
of antiquity have been most Sey translated. The Alexandrine 
of twelve syllables, however, has also used by our elder writers 
for rs a as by Chapman in his translation of the ‘ Iliad.’ 

HERPES. The word herpes was employed in a very vague sense, 
and applied to many eruptions of different kinds, until restricted by 
Willan to a well-defined affection of the skin, characterised by the 
eruption of clusters of transparent globular vesicles, situated on a red 
and inflamed base extending some lines beyond them. The vesicles of 
each cluster commonly vary in size from a millet-seed to a very small 
pea; the clusters themselves are distinct, being separated by portions 
of ectly healthy skin, and they generally rise in quick succession. 

e eruption is preceded and accompanied by a degree of con- 
stitutional disturbance which generally varies with the extent of the 
local affection, being often slight and attracting no notice, when this is 
limited and consists of a few clusters only, but very great and marked 
by a high degree of fever, when the clusters are numerous and spread 
over an extensive surface in a “ars, Senay plethoric subject. 

The local affection is announced by a sensation of heat and tingling 
experienced in the part, and first appears as a small bright red spot, 
having in its centre a few very minute vesicles. These vesicles, whi 
contain a transparent colourless fluid, rapidly enlarge, and, in the 
course of some hours, attain the size and present the form and aspect 
of very small pearls ; in the thickest part of the cluster two or three of 
the vesicles coalesce, forming one of irregular figure and larger size. 
There is a sensation of pricking and smarting pain experienced in the 

The vesicles gradually become opaque, in the course of ‘a few 
days shrivel, and are succeeded by brownish scabs: the heat and 
irritation of the portion of skin on which ac bac situated subside ; 
and the scabs fall off, leaving a tender and reddened state of the skin, 
which soon disappears. The duration of the individual clusters, from 
their first appearance to the falling off of the scabs, varies from one to 
two weeks. When there is a succession of clusters, they all follow the 
same march; the febrile state persists as long as fresh vesicles continue 
to arise, and the affection may be prolonged to three or four weeks. 
In some cases the fluid is absorbed, the vesicles shrivel, and, at the end 
of four or five days the affection terminates in desquamation ; in 
others, the fluidin the vesicles becomes purulent, and they are succeeded, 
especially when seated on the back, by superficial ulcerations, which 
prolong considerably the duration of the disease. 

The clusters of vesicles, though they retain in all cases the same 
characters, and follow nearly the same march, are sometimes confined 
to a particular locality, justifying the designation, H. labialis, H. 
preputialis, or assume a particular arrangement, giving rise to the 
varieties, Herpes zoster, when they are situated on one half of the body 
and extend in a line or band; H. phlyctenodes, when they are 
disseminated ; and //. circinnatus, when they occur in circles or rings. 

In H. labialis the clusters are disposed irregularly about the mouth, 
generally on the external surface of the lips, in some cases extending 
to the cheeks and ale nasi, and in rare instances occurring algo in the 
pharynx. It occasionally comes on after irregularities in diet, or 
unusual exposure to cold winds, or to the atmosphere, as in travelling ; 
at the termination of the hot stage, in ague ; and Bane the course of 
catarrhal fevers and pneumonia. It is always a slight affection in 
itself, requiring no treatment beyond that of the disorder which it 
accompanies, 

Herpes preputialis, In this variety there are one or more small 
clusters of vesicles, either on the external or internal surface of the 
prepuce. When situated externally, they follow the ordinary march 
or terminate in desquamation, and require no treatment, with the 
exception of the application of lint soaked in the lotion of acetate of 
lead, for the purpose of alleviating the itching and preventing the 
rupture of the vesicles and the quent formation of an ulcer. 

en they occur on the internal surface of the prepuce, the vesicles 
are kept continually moist, break at the end of four or five days, and 
often give rise to an excoriation or superficial ulceration, which by an 
inattentive observer may be mistaken for a syphilitic sore. It soon 
heals under the influence of cleanliness, the local application of the 
lead lotion, and the administration of a few alteratives. 

In Herpes zoster, Shingles, there is a succession of clusters of white 
silvery vesicles, forming an oblique line or band, limited to one-half 
of the body, and almost always occurring on the trunk. It is generally 
ushered in by severe febrile symptoms, and by smarting or deeply- 
seated pains, which indicate the future course of the eruption. ch 
cluster follows the march we have described, and the febrile state 
continues as long as there is a succession of vesicles. It is unattended 
with danger, excepting in old persons, where the clusters are occasionally 
followed by gangrenous and pene age ge In yo and plethoric 
subjects the treatment should co of bleeding, saline purgatives, 
diet, and the application to the part of a sedative lotion. This treat- 
ment alleviates the sufferings of the patient, but has very little 
influence on the march of the vesicles, 


Herpes phlyctenodes differs from the"preceding variety in the —. 
ment of t parti 


clusters, which are disseminated, and have no 

seat. When occurring extensively, the vesicles do not attain the size 
common to more limited forms of the eruption. It is often met with 
in children during dentition. 


_ In Herpes circinnatus, or herpetic ringworm, the eruption is limited 
in extent, frequently of a circular form, and consists of 
minute vesicles, which dry up and terminate in exfoliation, leaving a 
scurfy areola. It occurs frequently on the cheeks in children, and in 
women of delicate complexion, and is often confounded with a disease 
entirely different in its nature, contagious, and also, in popular 
language, denominated ringworm. This form of Herpes soon dis- 
appears under the influence of the local application of almost any 
astringent solution. 

None of the varieties of H are contagious, and all occur most 
frequently in the young, during spring and autumn, and in warm 


The existence of distinct groups of vesicles on red and inflamed 

oe sufficient to distinguish Herpes from every other cutaneous ~ 
on. 

HERRING FISHERY. —— ; 

HERTHA, the Goddess of Earth among the ancjent Germans. As 
Hertha, she was the wife of Thor; but Roman writers sometimes 
ek of the deity as Herthus, a male god, and the companion of Thor, 

‘acitus (‘ Mor. German.,’ c. 40), who calls Hertha the mother of the 
gods, says that she was worshipped by the Suevi, and that her 
was in a grove in an island of the ocean, and was served by a e 
priest, A chariot, covered by a cloth to conceal the goddess, was 
taken out of the sanctuary on certain occasions, and was drawn by cows 


about the country with t solemnity. This was a time of general 
rejoicing, jally for those places which were honoured by the visit 
of the goddess. During that time a cessation of war took place, arms 


were laid aside, and peace reigned over the land, until the priest thought 
proper to restore the goddess to her sanctuary, where the chariot and 
the clothing, and the goddess herself, or her image, it was said, were 
washed in a secret pond,and the attendants who assisted at these 
ablutions were immediately after swallowed up by the flood. The 
report of these mysterious circumstances served to inspire the ignorant 
peop with a dread of the power of the Derr athe. 5 no mortal 
could behold with impunity, (Grimm, ‘ Deutsche Mythologie.’) 

HESPERIDES, in Greek mythology, a family of Nymphs, of the 
same parentage, and apparently the same with the Atlanti 
there are differences between them, ially in number (the A es 
being usually reckoned seven, and the Hesperides three in number) 
which we must leave to be accounted for by the general of 
mythological story. They were named A®gle, Arethusa, and H 
thusa, possessed the faculty of melodious song, and were the dai 
of Atlas, by Hesperis, the daughter of Hesperus, Some ions, 
however, add a fourth sister, Hestia ; and Hesiod makes the Hesperides 
the daughters of Night. They dwelt in a beautiful garden in the 
western parts of the earth, in which the celebrated tree which 
bore golden apples, the gift of Ge to Hera on her iage with Zeus. 
These apples were guarded by a fierce m named , Which 
never slept. Heracles killed the dragon carried off the precious 
fruit. Some authors make the treasure to consist of sheep instead 
of apples, both being called by the same Greek word, mela. Some 
think them citrons or oranges. The Gardens of the Hesperides are 
variously placed, in an oasis of the African desert, in ica, at the 
foot of Mount Atlas, and in the Happy Islands of the Atlantic. ; 

HESPERIDIN. A neutral vegetable principle obtained from the 
spongy part of the peel of oranges and lemons, by digesting it in 
boiling water, and saturating the infusion with cream of lime, then 
evapo: to ess, treating the residue with alcohol, and evapo- 
rating the filtered solution. The matter left is to be treated with 
twenty times its weight of distilled vinegar, and the solution set by for 
a week, when the hesperidin is deposited, and is to be purified by 
"es isations aoe alcohol. 

e properties of hesperidin are; It forms white silky needles, 

grouped in tuft on matted forms ; they are inodorous, insipi ; 
use at a gentle heat into a resinous substance which becomes el 
by friction; at a higher tem , this substance decomposes with- 
out yielding ammonia, and burns with flame and an aromatic odour, * 
It is insoluble in cold water, and requires si of boiling water 
for solution ; it is vik Reagins in boiling 1, but insoluble in 
ether. Nitric acid ren hesperidin yellow; sulphuric acid gives it 
first a yellow and then a red tint; b oric acid imparts a greenish 
yellow colour to it. The acetic solution of hesperidin is not decom- 
ey by water; persulphate of iron precipitates it brownish-red ; 
it is soluble in the ies. No analysis has as yet been made of 


ao: 
ESSENES. [Essenes.] 

HESTIA, Me 

HETEROGENEOUS, ate alps | 

HETEROSCII (other-shadowed), an old astronomical term for 
persons living in such parts of the earth that their shadows at. noon 
are always turned contrary ways. Thus the only heteroscii are those 
who are situated without the tropics, and in different hemispheres ; 
since in the northern hemisphere those who are situated north of their 
tropic have the shadow at noon always turned northward, and those 
HEVEENE (Calta), Aa oily hyd amongst 

z ( ). An oily hydrocarbon found the 

products of the destructive distillation of caoutchouc. 


| HEXACHLORXYLON (C,9H,Cl0 or C,.H,Cl,0,). A_ yellow 
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crystalline derivative from creasote, obtained by the action of hy dro 
chloric acid. 

HEXACHORD (€é, siz, and xop3h, a gut, a string), a name given by 
the ancient Greeks to a lyre of six strings; also a scale of six sounds. 
In what is denominated ‘the System of Guido,” musical sounds are 
divided into three scales, named Hexachords. The first, from c to a, 
is called the Natural hexachord : the second, from @ to &, the Durum ; 
and the third, from F to p (the B flattened), the Molle. To the notes 
of each scale are assigned, as names, the syllables ut, re, mi, fa, sol, la. 
This perplexing and irrational system, which has been well designated 
Cruz: tenellorum ingeniorum, is now utterly discarded. 

HEXAGON, a figure of six sides, [ReGunar Ficures.] 

HEXAHEDRON, a solid of six faces, [Cuspz; Reaunar Soumps.] 

HEXA™METER (éé, six, uérpov, measure) is the most important 
form of dactylic verse. [Dactytics.] It consists of six feet, either 
pe ay an ge no limit in their ts, except that 
the is usually a dactyl, and the sixth invariably aspondee. Great 
part of the beauty of a long poem written in this measure depends on 
the varied cadences, which may be produced. by varying the cesura. 
[Czsvura.] The most usual places are the middle of the third and the 
middle of the fourth foot : of these, the former is called by prosodians 
the penthemimeral ; the latter, the hephthemimeral cesura ; as, for 
example :— 

Vix e conspectu | Sicule telluris in altum. 
Non aliter quem qui adverso | vix flumine lembum, 


That which is called the biscolic cesura, at the end of the fourth — 
hardly seems to deserve special mention, being in no respect essenti 
to the harmony of the verse, and invariably accompanied by one of the 
two before mentioned. These are essential; and one or other of them 
is always observed in well-constructed verse, except in rare cases where 
the omission is intentional, with a view to some ial effect. For 
the niceties of the measure, see the treatise of Hermann, ‘ De Metris,’ 
lib ii. 32. 

HEXAPLA, the plural of éardcis, which means “ six-fold,” was an 
edition of the of the Old Testament prepared by Origen, 
which exhibited, in addition to the original Hebrew text, six Greek 
versions in as many parallel columns ; namely, the 1g Ho that of 
Aquila, that of Symmachus, that of Theodotion, one at Jericho, 
and one found at Nicopolis in Epirus. It also comprehended a seventh 
version of the Psalms. The Hebrew text was besides given both in 
Hebrew and in Greek characters; so that, properly speaking, there were 
eight columns in all, whence the work is sometimes called Origen’s 
Octapla. LE; SEPTUAGINT; and OrIGENES and THEODOTION, in 


Bro. Dry. 
HEXYL. ([Caprotc Atconor, Heryl.] 
HEXY E (C,.H,.); Oleene, i The olefene of caproic 


alcohol. It is obtained by distilling hydroleic acid, and is also 
bably formed by the destructive distillation of many other fatty 
bodies, It is a colourless very mobile liquid, lighter than water, 
and possessing an arsenical odour. It is scarcely soluble in water, but 
easily so in aleohol and ether. Hexylene boils at 131° Fahr., and its 
vapour appears to exercise a deleterious influence upon animals, Birds 
“IHIEROS FOUNTAIN, « philosophical toy il 
,» a phi ical toy illustrating some hydro- 
details. It consists of three vessels connected by two pe 
ater descending from the top vessel, drives the air from the bottom 
into the middle vessel and compresses it, so that by its elasticity it 
forces the water in this vessel up a jet. It is only another form of 
air-fountain, 
LYPHICS, a compound Greek word, meaning “ sacred 
br st a generally applied to the representations of animal and 
forms sculptured on the monuments of Egypt, by means of 
expressed their language. e ancient Greek 
authors call 


i ptions ting to the gods, 
temples, and public events. Above 1000 different symbols appear on 
examination of the monuments to have been employed, and future 
observations will probably still further augment their number. These 
are arranged with great precision on the monuments, generally in hori- 
zontal or vertical lines, with all the animals and symbols of the same 
inscription facing in the same direction, whether to the right or to the 
left; sometimes, however, they are placed in the area, or field, and 
dispersed amongst the or scenes they are intended to illustrate. 
They have been divided into six classes: 1, sculptured and not painted; 
seamen wuieh. sve sree and painted ; 3, linear, or drawn in out- 

; 4, drawn in outline and painted ; 5, , or those painted 
with many colours; 6, monochrome, or those painted in one colour. 
Those carved on stone are generally executed in a peculiar kind of 
seulpture, called cavo rilievo, in raised relief below the surface, but 
sometimes in bas relief. The linear hieroglyphics are drawn with a 
carbonaceous black or a vermilion red ink, on papyri, linen, slices of 
stone, 


wood, and other materials. Hieroglyphics appear in use on the 
walls of the earliest tombs, and even scrawled on the blocks of stone of 
the great Pyramid built by Cheops, and they continued to be employed 


till the time of Caracalla, during a space of almost 3000 years; but 
subsequently were superseded by a more cursive writing called the 
Demotic ; and finally, on the triumph of Christianity, by the modern 
Coptic. Some scattered notices of their general nature and the mean- 
ing of a few symbols are given by Diodorus, Cheremon, Clement of 
Alexandria, and Porphyry ; and a special dissertation upon them, 
written by Horus Apollo, or Horapollo, of Phenebethis, a.p. 500, 
has been handed down; but a knowledge of them was little cultivated 
by the Greeks and Rorfians, even those who lived in Egypt itself. 
From the 10th century to the 16th century, all knowledge of them. 
totally disappeared ; and on the revival of learning, the task of 
decipherment and interpretation was vainly attempted, till the dis- 
covery of the Rosetta stone in 1799 gave a clue to their interpretation. 
This monument, found on the site of a temple dedicated by King 
Necho to the god Atum, which is a trigrammatical inscription in ~ 
hieroglyphics, Demotie or cursive writing, and Geek, recites the decrees 
of a synod of priests assembled at Memphis, a.p. 196, in honour 
of Ptolemy V., their benefactor, and declares that the decree js 
ordered to be engraved in these three writings. After some feeble, 
although not unsuccessful, attempts to decipher the demotic by De 
Sacy and Akerblad in 1802, Young, in 1814, was the first to discover 
from the name of Ptolemy on this stone, and that of Berenice on a 
doorway in the south quarter of Karnak, that certain hieroglyphics 
were employed to represent sounds, not ideas, as had been hitherto 
conjectured. The removal by Bankes of a small obelisk from Phile, 
erected by the priests in honour of Ptolemy Euergetes II. and Cleo- 
patra, on the pedestal of which they had inscribed a Greek inscription, 
enabled Champollion in 1822 to compare the names of Cleopatra and 
Ptolemy, and, co: ing some of the errors of Young, to extend the 
alphabet, and lay the foundation for the future decipherment and 
interpretation of the hieroglyphics. It was seen, from a comparison 
of these names and the recurrence of the same hieroglyphics in the 
same places, as if they were used as sounds, that this was their true 
employment ; and by an extension of the decipherment, the names and 
titles of the Ptolemies, Roman emperors, and native monarchs, were 
readily discovered. “ 

Since the sa o Shemapoiiaes who published Dynegy aid in 1836, 
and Dictionary of Hieroglyphics in 1841, the study of the hieroglyphics 
has been pursued by Rosellini, Salrolini, Leemans, Lepsius, Brugsch, 
De Rouge, Birch, Goodwin, Hincks, and others. 

The general results of these inquiries have shown that all hiero- 
glyphical inscriptions, from the most remote to the latest periods, 
consist of two classes of characters, the first called by the Egyptologists 
ideographs, or symbols representing ideas, not sounds; and phonetics, 
or hieroglyphics employed as syllables, or letters of the alphabet. The 
great body of the inscriptions are composed of phonetics, at least to 
the extent of four-fifths of each entire text; and they are easily distin- 
guished by their constant recurrence. They are, however, fewer in 
number than the ideographs. 

These ideographs are divided into two classes: 1. The ideographs 
proper, or those which represent only one idea; as a seated man having 
the head of an ibis, to mean the god Thoth or Hermes; a wolf to 
represent that animal; and a bundle of flax to represent flax: these 
are direct imitations. 2. Those of the kind called by Clement tropic, 
or enigmatic, or metonymes, express the idea by less direct means, as a 
smoking pail, to signify milk ; a pelican seizing a fish, to signify fishing; 
an ape, to express anger, on account of the irritability of the animal ; 
and a jackal, cunning, on account of its crafty nature; an ostrich- 
feather, to signify truth, because all the feathers of the wing of that 
bird were supposed to be of equal length. These ideographs are often 
preceded by a group of phonetics, which spell the sound of the word, the 
sense of which they are intended to convey: thus, the wolf is preceded 
by a hare, a, a line of water, N, and a basin, 8 H, spelling Ansh, “wolf ;” 
and the jackal by the back of a chair, s, and chisel, B, spelling sab, 
“crafty.” These direct ideographs are the oldest part of the system, 
the remains of the primitive picture writing of the nation : about 700 
have been found. 

The determinatives form a sudivision of the ideographs, and are those 
symbols employed to represent more than one idea, They are exten- 
sively employed and repeated in the inscriptions, Some of these 
determinatives are employed in twenty similar senses, others convey 
two or three similar ideas. Their use is to abridge the too copious 
employment of ideographs, and to render clear the ambiguity of 
phonetic groups. Thus, the sun's disk, represented as a circle with 
a dot in the centre, signified all ideas connected with that luminary, 
as the sun, year, month, hour, day, night, light, darkness, orbit, 
festival ; an wreus signified any goddess in the Pantheon, a seal-ring, 
to shut or to enclose. These determinatives, like the ideographs, are 
preceded by groups of phonetics, spelling the sound of the ideas they 
convey—thus, the sun’s disc has before it phonetics reading aten, when 
it means a disc, and fav when it means “time.” They determine in 
fact the genus of the idea of the phonetic group, and are often used 
instead, or in place of their corresponding ideographs, which are 
pictures so elaborate of the idea as to be unsuited for general purposes, 
and only fit for the most magnificently executed public monuments, 
Sometimes two determinatives, or an ideograph and determinative, are 
used after a phonetic group, 

These determinatives in fact resemble the 214 keys or radicles of 


the 
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the Chinese, which are used in nearly the same manner. Similar 
determinatives were employed, alth on a more limited scale, in 
ian and Babylonian cuneiform inscriptions, and were not 
abandoned in cuneiform systems till the time of the Persians, B. 0. 525, 
only yielding way to the invention of the alphabet by the Phoenicians. 
About 170 hieroglyphic determinatives have been recognised. The 
discovery of this portion of the hieroglyphical system is due to Cham- 
pollion, and he interpreted the sense of these two classes of ideographs 
by comparing the symbols with their explanation, when it remained, 
in ancient classical authors, by a careful analysis of the Rosetta inscri; 
tion, by a due regard to their position in sentences, and by the anal 

of the phonetic groups which preceded them. The discovery of the 
phonetic s , in fact, aided to discover the meaning of the ideo- 
graphs determinatives, and these in their turn shed light on the 
meaning of the phonetic groups, The 170 determinatives embrace the 
whole circle of ideas, and are used in the hieratic or cursive writing 
without ideographs, and accompanied only by their proper phonetic 


orrhe hieroglyphics used to represent sounds, called phonetics, are 
fewer in number than the preceding, forming, however, a complete 
labarium of the spoken language. These syllables fall into two 
p ey Those ending with vowels, 52 in number, represent 18 sounds 
of the spoken language, and answer the purposes of a pure alphabet. 
They were sounded either according to the primitive pronunciation of 
the symbol chosen, or else according to the initial sound of the 
hieroglyph ; thus a mouth, ru, represented the liquid rn or L; anda 
hawk, aakhom, the vowel a; an owl, mouladj, its initial sound mw. At 
the earlier period of the formation of the language some of these 
onetics are preceded and followed by one — in common use, 
ving the same sound: thus, a flying goose has before it a blind or 
window-mat P, and after it the eagle a, and placed in the centre of the 
up it is demonstrated or explained to have the syllabic value of Pa. 
Bach of these 54 letters, in fact, have, at the option of the scribe, the 
final hieroglyphic vowel which completed their syllable written after 
them, but by de this fell into desnetude, and they finally became 
almost purely alphabetic. To these must be added 57 hieroglyphs 
used for syllables terminating in consonants. These, like the pre- 
ing, have such hieroglyphs of the alphabetic series as represent 
their initial or final signs indifferently written before or after them, or 
omitted, For example, a star is used for the syllable srs or sEv, some- 
times with the back of a chair, the alphabetic s written before, in, and 
often with the leg, the alphabetic B or v after it. In,some rare 
instances both the alphabetic hieroglyphs s and B are written before 
and after it, enclosing as it were the star in the midst. _The whole of 
these hieroglyphic syllables are monosyllabic, and were sounded accord- 
ing to the primitive name of the object. These phonetics continued in 
general use till the age of the 22nd dynasty, or about B.c. 1000, when 
several ideographs were added by the priests, for alphabetic and syllabic 
sounds, and this innovation, which went on in till a.v. 200, 
when the number amounted to about 90 additional characters, gives a 
complex alphabet and syllabarium of nearly 200 hieroglyphics in 
common use. 

The phonetics formed the great body of the language, all the gram- 
matical forms, and abstract prefixes and affixes, substantive and 
auxiliary verbs, being com; of them only. Groups of phonetics 
precede or replace the ideographs and determinatives, and give the 
sounds of the ideas intended. They are constantly interchanged 
among themselves, and these equations of sound are called variants. 
In the long interval of nearly 3000 years, the many papyri containing 
similar texts give hundreds of words written with ifferent symbols. 

It is now necessary to say something of the nature of the language 
as shown by the phonetics. The words are principally Coptic, but 
this la has lost so much of its vocabulary that it is inadequate 
to explain half the hieroglyphical words, which amount to about 4000, 
The verbal root in hieroglyphics is unchangeable, the nouns and adjec- 
tives rpey, bree peg by prefixes, as bak, a hawk, pa bak the hawk, en 
bak, of a hawk, er bak, to a hawk; the plural has iu added as bak-iu, 
hawks. The verb is conjugated by affixes, as maa to see, maa a I see, 
= na, I saw, and auxiliaries, as a her maa, was seeing or saw. 

pronouns are very numerous, @ prepositions are often vague, 
and appear in their original composite form, which they have lost in 
most other languages, thus, her hat “ over the heart,” is “ in the midst,” 
em-khen “in the hall” is “ within.” The syntax is exceedingly regular, 
the verb appearing first, then the objective, and finally the instru- 
mental case. Some verbs are transitive, others neuter, and the 
mid of nouns are indicated by affixes and prefixes. The distinction 

ween active and passive is but slight, 

With respect to style, the monumental, except where colloquies are 
introduced, is elliptic and laconic, and the hieratic style of the Ritual 
and religious works partakes of the same characters. Even verse or 
rhythm has —_ a the expressions are ae | bball oriental 
imagery, antithesis metaphor. The lapi hi ical inscrip- 
tions are almost all religious, historical, or =a Wit theaxceptinal 
of the Ritual, [Parrri] the books of the 
cursive or writing , of a very distinct clear shape, like our ancient 
court or law hand, in horizontal lines with headings at the top of the 
page, and rubrics. This hieratic character, as it is called, employed far 

ewer symbols than the hieroglyphic, and approached nearer to the 


nil 
Fegyptiana were written in a’ 


alphabetic system, but still made a copious 
has been traced up as early as the 6th dynasty, 
2nd or $rd century, 4.p. It was also employed for official documents, 
correspondence, memoranda, and drafts, as the only written language 
till the commencement of the tte bey - ryt 800 B.c., a 
second written language was introdu epistolary, demotic, 
or demode, that is, popular, or enchorial, that is, native. ‘After the 8th 


century B,c., the hieratic was only used for bigs oe , chi 

cophanet the Ritual, At its commencement, pera . 
abridgment of the hieratic, but if rapidly lost all resemblance with s 
hieratic forms, abandoned to a great extent, although not wy: 

the use of ideographic and determinative signs, and endeavoured 
accommodate the written as nearly as possible to the al 

betical Phoenician and Greek » then known to the uns. 


It continued in use till the 3rd cen rary Rte bar m= 
ph ity in Egypt done 
away with the last form in which the vain superstitions of paganism 


Xthiopic dialects : they 
not yet been interpreted. The elder Democritus, B.c, 459, wrote, 
it appears, a dissertation on @thiopian hieroglyphs. At Nineveh, 


Archipelago, jects 
have been found with hieroglyphical erg “en not in the Egyptian 


occurrences of life. The Mexican system was more pictorial than the 
Egyptian, the subjects were actually a but certain Began or 
hieroglyphs were introduced to aid their explanations. The symbol 


e year, « of. 
(For the principal works on hieroglyphi¢s, the reader is referred to 

ical Literature, 8vo. Lond, 
fo., Paris, 1836; Lepsius, Lettre a 


12mo., London, 1857. ; 
HIGH COMMISSION COURT, a tribunal established by Queen 
Elizabeth under the authority of a clause in the Supremacy Act (1 Eliz, _ 
ce. 3), which exercised arbitrary power in matters of faith and in 7 
ecclesiastical concerns, as the Star Chamber did in civil affairs, The 
commissioners were forty-four in number, of whom twelve were , 
ecclesiastics, and three commissioners constituted a quorum, Their q 
jurisdiction extended over the whole of the kingdom, and was not con- : 
fined to the clergy, but included all classes. They were directed to 
visit, reform, redress, order, correct, and amend errors, heresies, 4% 
schisms, abuses, offences, contempts, and enormities whatsoever, which q 
by any ecclesiastical authority whatever might be lawfully ordered or 
corrected. . The commissioners, or any three of them, j at their 
own discretion of any speech or wri which tended to heresy or 
schism. All appeals from the inferior ecclesiastical courts were carried 
before the Court of High Commission. The court was empowered to 
punish incests, adulteries, fornications, and to inquire into matters 
relating to matrimonial offences. Other ecclesiastical courts had been 
subject since the Reformation to inhibitions from the supreme courts 
of law, but this court was exempt. It exercised its powers therefore 
without contrel, and was authorised to conduct its Socata a not 
only by the ordinary legal Sieger te | juries and witnesses, but to 
use alt other means and ways which they could devise.” This em. =a 
powered them to resort to the rack, to torture, uisition, and im-| 
prisonment, and to proceed, not upon information, but at their own 
discretion upon rumour io suspicion, The og sng ra before 
it a suspected person, ani him an oa wane 
him to answer any question, and thereby criminate himself or 
friends, Refusal to take this oath was punishable by imprisonment, 
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685 
Fines were levied which often ruined the offender, and he might b 
i any length of time at the discretion of the court. Th 
great object for which the court was established was more especially 
to punish any departure from the Act of Uniformity in matters of 
i services and ceremonies of the Established Church. 
Elizabeth, in a letter to the Archbishop of Canterbury, said she was 
resolved “ that.no man should be suffered to decline, either on the left 
baat nad right hand, from the drawn line limited by authority 


i In 1610, by virtue of the royal tive, he established 
a Court of ission in Scotland, the authority of which was 
—— the gen cheaper bora en AA 

In 1641, the Court of High Commission and the Star Chamber were 
both abolished, and a clause was introduced into the act which pro- 
hibited the revival of the former court or any other of a like nature. 
James IL, however, issued a new commission, and appointed seven 
commissioners to exercise full and unlimited authority over the Church 

, and with the full powers of the former courts. Sancroft, 

of Canterbury, to be a member. Four of the 
i were bishops, and the three laymen were the Earl of 
, Chancellor Jeffries, and Lord Chief Justice Herbert. The 
Revolution swept away this arbitrary institution. 

HIGH CONSTABLE. [Cons?aBue.] 

HIGH STEWARD, [Srewarp, Lorp Hien.) 
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HIGH TREASON. REASON. J 
HIGHWAY. VAY. 
HINDU A ‘ECTURE. [Ixpia, ARCHITECTURE OF.] 


HINDU CASTES. The division of the Hindus into classes or 
castes, with fixed occupations, existed from the earliest times: the 
word caste is derived from the Portuguese word casta, “race,” or 
“ lineage ;” in Sanskrit they are called varnas, that is, “ colours.” The 
most ancient ion of Vedas alludes to such a division ; and 
in the laws of Manu, the Ramayana, the Mahabharata, and all the 
other Sanskrit works ofthe greatest antiquity, we find the system of 
castes fully developed. The Greeks who visited the country describe 
its inhabitants as distributed into certain classes. (Arrian, ‘ Indic.,’ 
e. 11, 12; Diodor. Sic., ii, c. 40, 41; Strabo, xv., c. 1, pp. 485-6, 
Casaubon ; Pliny, ‘ Hist. Nat.,’ vi., c. 19.) We have no means of 
ascertaining the origin of this institution. Heeren supposes that it 
was founded upon conquest; the first three tribes being a foreign race, 
who subdued the aborigines of the country and reduced them to an 
inferior caste : while others trace it “as the result of that fondness of 
perpetuating, like heir-looms, by descent from father to son, certain 
offices or the exercise of certain arts and professions, which is so 
peculiarly characteristic of almost all nations of the Indo-Germanic 
race.” . 


All the Hindu writi ise only four pure castes: Brahmans, 
iyas, Vaisyas, Sudras. Pliny (‘ Nat. Hist.,’ vi. 19) appears 
to have heard of the same number; but Megasthenes, from whom 


hunters; 4, handicraftsmen -—e orig aka igi ee me in- 
spectors ; 7, royal councillors. But enes evidently sepa- 
rated into distinct classes individuals belonging to the same class; the 
public inspectors and royal councillors belonged without doubt to 
the Brahmanical class, as well as the philosophers; the agriculturists, 
herdsmen, and hunters to the Vaisyas; and the handicraftsmen and 
artizans to the Sudras. 


The following extract from the ‘ Jatimala,’ a Sanskrit work on Hindu 
castea, gives common Hindu tradition cee ing the origin of 
each caste. “ In the first creation by Brahma, Brahmanas proceeded, 
with the Veda, from the mouth of Brahma. From his arms Kshatri, 


from his foot Sudras, were pro- 
Lord of Creation viewing them, 
‘What shall be your occupations?’ They replied, ‘ We are not 
own masters; oh, God, command us what to undertake.’ Viewing 
their labours, he made the first tribe superior over the 
As the first had great inclination for the divine sciences ( Brahme 
The from ill (Kshayate) 
Him whose ession (Vesa) consists in commerce, 
~~ wars for 


cf 


e protection of himself and 
usbandry and attendance on cattle, he called Vaisya. 
The other should voluntarily serve the three tribes, and therefore he 
became a Sudra; he should humble himself at their feet.” 
A strong line of demarcation is drawn between the first three castes 
The former are allowed to receive instruction from 
Vedas, and are considered to have been born again in a spiritual 
Seman ind of girdle. ox one pera ig- egarreee ba 
birth is a peculiar kind i or cord, w. differs according to 
the caste; and with which a Brahman may be invested from his 
to his sixteenth year, a Kshatriya from his: eleventh to his twenty- 
“second year, and a Vaisya from his twelfth to his twenty-fourth year ; 


uu 


yas | sunk among men to the lowest of the four classes.” 


hough in certain cases the investiture may be made in the fifth, sixth, 
or eighth year respectively. (‘ Manu,’ ii., 36-38.) A Sudra on the. 
contrary is not reckoned among the regenerate; and would, according 
to the ancient Hindu law, be put to death for reading the Vedas. 

The Brahmans possess the exclusive privilege of teaching the Vedas, 
and were in former times in the exclusive possession of all knowledge; 
Though the sovereign of the country was chosen from the Kshatriya 
class, the Brahmans possessed the real power, and were the royal 
councillors, the judges, and magistrates of the country. (‘ Manu,’ 
viii. 1, 9, 11.) Their persons and property were inviolable; and 
though they committed the greatest crimes, they could only be 
banished from the kingdom. (‘ Manu,’ viii. 380.) They were to be 
treated by sovereigns with the greatest respect; for “a Brahman, 
whether learned! or i t, is a powerful divinity.” (‘ Manu,’ ix. 
313-817.) The curse of a Brahman could consign even the gods to 
misery ; and the and Mahabharata contain numerous 
instances of the withering effects of such a curse. 

The proper duty of a Brahman is to teach the Vedas, to perform 
sacrifices to the gods, and to meditate upon divine and holy objects. 
At an early age he is placed under the instruction of a Brahman, called 
a Guru, w commands he is bound to obey, and whom he must 
reverence as a spiritual parent. When he arrives at years of maturity 
it becomes his duty to marry, and to lead a life of religious contempla. 
tion. He ought to be supported by the contributions of the rich, and 
not ,to be obliged to gain his subsistence by any laborious or useful 
occupation. But as ail the Brahmans could not be maintained by the 
working classes of the community, it was found necessary to allow them 
to engage in other occupations ; and it is accordingly provided in the 
laws of Manu, that a Brahman, unable to subsist by his religious duties, 


|“ may live by the duty of a soldier, and if unable to get a subsistence 


by this employment, may subsist as a mercantile man, applying himself 
to tillage and attendance on cattle.” (‘ Manu,’ x., 81, 82.) In seasons 
of distress a further latitude is given. The practice of medicine and 
other learned professions, painting and other arts, work for wages, 
menial service, alms and usury, are among the modes of subsistence 
allowed to Brahmans... (Colebrooke, ‘ On Indian Classes,’ in ‘ As. Res.’ 
vol, v.; ‘ Miscell. Essays,’ vol. ii., pp. 186-7.) 

The Brahmans still hold the first rank in Hindu society and are 
treated with great respect in all parts of Hindustan. But in con- 
sequence of the conquest of the country by foreign rulers, and the 
paren of many sects that have rejected their authority, they no 
longer possess the power they onee enjoyed. The increasing acquaint- 
ance of the Hindus with the English language and literature, and the 
establishment of public schools, are tending still further to diminish 
their influence. . 

The Brahmans are separated into two great classes, one of which 
occupies the countries towards the north, and the other the countries 
towards the south. The southern Brahmans “ hold in great contempt 
those from Kasi or Benares, as being men from the north ; and would 
not even admit them to the honour of eating in their houses. The 
northern Brahmans are however at least as proud as those from the 
south, and allege several reasons for holding them in contempt ;’among 
which the most urgent is, that the women of the southern Brahmans 
are allowed to appear in public.” . (Buchanan's ‘ Journey from Madras 
through Mysore,” &c. In the Deccan the Brahmans are also divided 
into Vaidikas, who subsist by charity, and dedicate their lives to study 
and devotion ; Lokikas, who follow worldly pursuits; and Numbis, 
who officiate in temples and perform menial duties to the idols. 

The Kshatriya, or military class, is said by the Brahmans to be 
extinct. The decay of the Kshatriya class may have been owing to the 
peaceful habits of the people and their freedom from foreign invasion, 
and the consequent want of employment for a military class. But 
aecording to an ancient tradition the Kshatriya caste was destroyed by 
Parasu Rama, the sixth incarnation of Vishnu, and their land bestowed 
upon the Brahmans. The laws of Manu appear to refer to the same 
tradition in a passage where a list of Kshatriyas is given who, “ by the 
omission of holy rites and by seeing no Brahmans, have gradually 

(x. 43, 44, 

The duty of the Sudra is servile attendance upon the higher att 
and especially the Brahmans, but he may also follow mechanical 
occupations, as joinery and masonry, and practical arts, as painting and 
writing; and although a man of a lower tribe is in general restricted 
from the arté of a higher class, the Sudra is expressly permitted 
to become a trader or a husbandman. (Colebrooke, ‘ Ong Indian 
Classes’—‘ Miscell. Essays, vol. ii, p. 187.) The statements of 
Robertson, Mill, and many other writers, respecting the strictly 
hereditary nature of all trades and occupations in India, are con- 
siderably . The liberty which is given to the Brahmans, 
even by the laws of Manu, has already been remarked; and a similar 
latitude is allowed to the Kshatriya and Vaisya classes. Mr. Cole- 
brooke, whose opinion, from his extensive acquaintance with Hindu 
literature, and from his long residence in India, is entitled to the 
greatest. respect, remarks, “that almost every oceupation, though 
mene be the profession of a particular class, is open to most 
other tribes; and that the limitations, far from being rigorous, reserve 
only one peculiar profession, that of the Brahmana, which consists in 
teaching the Veda, and assisting at religious ceremonies.” It is the 
opinion of some Europeans who have acquired an accurate knowledge 
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of the manners and customs of the natives, that Europeans in general 
give too much credit to the assertions of the natives concerning the rules 
of their caste, which are commonly alleged as an excuse for declining 


any duty that is disagreeable, 
red ion of India does not belong to any of 


A great portion of the 
the four pure castes. ¢ individuals who form what is usually 
termed the impure or mixed classes, called in Sanskrit Varna-Sankara, 
that is, “mixture or confusion of classes,” are either the original 
inhabitants “2 the country who have never ro the TES | 
or persons who originally belonged to one of the four pure , 
have either lost prey rr eg or are descended from those who had 
lost caste, or the o' of marriages between persons of different 
castes. The faults which occasion a lost of caste, and for which no 

ion can be given, are—1, Sexual intercourse within the prohibited 

of co! inity; 2, Sexual intercourse with any prohibited 

élass; 3, Eating forbidden fruit, or drinking intoxicating liquors; 

4, Stealing; 5, Slaying any animal of the cow kind, or of the human 

species; but a Brahmin is permitted to kill his enemy in battle; 

6, Eating in sag Se" with persons of another caste, or of food dressed 

by their impure handss.7, Eating on board a ship food that has been 

dressed there ; 8, Omitting to perform the ceremonies due to deceased 

parents. But the greater number of impure or mixed classes has 
arisen from the intermarriage of persons of different classes. 

Numerous other classes are formed from the in iage of the 
twelve mixed classes that have already been enumerated. One of the 
best known of the impure classes is that of the Pariahs, a corruption of 
the Tamul name Parriar, in the Deccan. They are called Maliwanlu 
in Telingana, and Walliarw in Carnata. Their numbers are very con- 
siderable. 

There are other tribes, which are considered inferior even to the 
Pariahs. Such are the Pallis and the Pulias, in the southern part of 
the Deccan; the Curubarus, the Lambadis, the Dumbarus, the Chensu 
Carirs, and many others. 

HINGE, a kind of joint, usually made of iron or brass, upon which 

“doors, gates, shutters, box-covers, &c., are made to turn in the act of 
opening and shutting. Hinges are constructed in a t variety of 
forms; but in most of the commoner kinds the action is that of a 


hollow cylinder working round a fixed central pin. In Collinge’s |. 


patent hinges, which are peculiarly adapted for hanging large heavy 
doors and gates, the principal rubbing action is between a hollow cap 
and an accurately turned sphere, formed, as it were, upon the end of a 


pin: a cavity being provided for the reception of a supply of oil to | acid 


lubricate the rubbing surfaces. Redmund’s rising hinges, so frequently 
used for hanging room-doors in houses of superior character, have, like 
ordinary hinges, a hollow cylinder divided into two or more portions, 
attached one to the door and one or more to the door-post; but instead 
of the hollow cylinders being divided transversely at right angles, they 
are divided by spiral or rather helical lines. The result of this con- 
trivance is, that when the door is opened it is lifted up a little from 
the floor by the sliding upon one another of the inclined helical sur- 
faces ; so that although the door may shut very close to the floor, it 
rises when opened, to a sufficient height above the floor to allow its 
lower edge to clear the carpet. Another advantage of this kind of 
hinge is, that the weight of the door acting upon the inclined rubbing 
surfaces of the hinges, causes it gently to close itself so soon as the 
hand is removed from it; but as this might in some cases prove incon- 
venient, a modification is introduced to allow the door to remain open 
at 90°, or more. In some cases a small spring is attached to hinges of 
this description, to aid the closing of the door when it has been opened 
but a little way. Hinges supplied with much more powerful springs 
are often used for the doors of public offices, where it is desired to 
render the closing of the door both certain and quick. For such doors 
i which will open in either direction and cause the door to spring 
to its original position are often used. Whitechurch’s ingenious 
hinge is an apparatus by which doors or windows may be opened 
at pleasure either on the right or left hand; or by which, in other 
words, either edge of the door may be made, at pleasure, the opening 
edge. A handle is fixed near each side of the door or window, by 
turning which the required positions of the apparatus are varied at 
girenees the action of this handle being to disconnect or release the 
oor from the style or post near which it is placed, and at the same 
moment to complete its connection with the opposite es This 
apparatus is, however, too complex for general use, Nettlefold’s hinge, 
for the doors of book-cases, has a contrivance by which two adjacent doors 
opening in contrary directions may be hung without an intervening 
style: the two doors being connected together by a hinge resembling 
that by which ordinary doors are hung, and the axis of this hinge bei 
connected with the edge of a thin partition in the book-case by mi 
brackets above and below the hinge, the space occupied by which is 
notched or cut out of the edges of the doors, Doors aon in this wa: 
fold completely back, and the hinges do not offer the slightest impedi- 
ment to the removal of the volumes which to stand next to 
the partition, and which, were the doors hung in the usual way, could 
be removed by first taking out those which stand adjacent to 
There are many other kinds of hinges of recent introduction, 
for special description. 
HIPP. FIN (C,,H,NO,!), a white ble substance 
obtained in small quantity by the action of peroxide of lead upon 


aes of the horse or cow to a small 


pref ge ec a It is inodorous and tasteless, very soluble in alcohol and 
PPODROME (lewddeoues) large inclosed by 
HIPPO ( ,a ; 
the ancient Greeks for their horse and chariot oe “te aaes 
to have been little substantial difference between the Greek 
drome and the Roman circus, except that, from the Romans not ha’ 


been accustomed to allow more than four chariots to compete at once, 
the circus was made much narrower than the 


ets RN licated ang pre cogs rin 
being a line formed a apex 
to the area, and each of the 400 feet longs —a 


etovted: in hivoasn tala med by 
has also been di in urine. It is 
bully and. scidulating wit 
ydrochloric acid, The mixture deposits brown of 
acid, which may be made white by boiling with lime, dissolving 
hippurate of lime,‘ and again ing h acid, when 
ure hippuric acid is thrown down. It forms large semi- 

four-sided risms, which are sparingly. soluble in cold water, 
soluble in hot water and in alcohol. Under heat it melts and gives 
benzoic acid, benzoate of ammonia, and a fragrant oily substance. It 
forms salts which are soluble and crystallisable. 

Concentrated boiling hydrochloric acid converts hippuric acid into 
benzoic acid and sugar of gelatin, 


C,.H,NO, + 2HO = C,,H,O, + C,H,NO, 
— eytY $Y 


Hippuric acid. Benzoic acid. Sugar of gelatin, 


When the salts of hippuric acid are fused with an excess of potash 
or lime they furnish ammonia and benzole, a reaction which is 
characteristic of this acid. 

The salts of hippuric acid are termed hippurates. 

HIRCIC ACID. This substance was obtained by Chevreul from the 
py ec th 18 product of the distillation of the liquid 

) it, the aqueous ° e on 
i i cransind sae’ sdtation "fie ake eoliie daaeanean 
After having evaporated the solution, the dry salt is deco: by 
dilute sulphuric acid ; the hircic acid then floats on the surface of the 
liquid in the form of an oil, 

This acid remains fluid at 32°; it is lighter than water, smells of the 
goat, is insoluble in water, and forms soluble salts with potash and — 
pi It has not been analysed. ‘ 

IRCIN, a principle similar to butyrin, which exists in goat's fat 
and in mutton suet, combined with olein. Its name is derived from 
hircus ; and it is obtained from the fat of the goat by a process similar 
to that by which butyrin is procured, from which it meg to differ 
by yielding hircic acid, by treatment with the caustic 

IRING OF SERVANTS, (Servayrs.] 

HISTORY. The ae that is Gouna the word Hi 

pears to be often conceived both indistin incompletely. 
= trace the word to its original (icropia), which simply means 
“inquiry” or “search” after facts, includes the notion of 
recording them, we obtain a notion which, though distinct as far as it 
goes, will not enable us to distinguish hi from annals [Annas]; 
and if we examine a series of works which the name of hi 
we shall find many of them deficient in every characteristic which shall 
be sufficient to distinguish them from bare records of events arranged 
in chronological order. 

In modern times a popular use of the word history has obtained, 
which may help us in arriving at a more precise notion of what is 
included in the term, Such expressions as a “ History of the Steam- 
——— “ History of Printing,” &c., are in common use, and are 
wn to signify a statement, arranged in chronological order, of 
the original discovery, and of the various steps and by which 
such discovery has been perfected, and the art, which is the subject- 
matter of the history, has been brought to its present state. Such a 
history, then, ory i ey to explanation : ot the reeet 
dition or state of any given porns it with an ’ 
of all the previous states of the same thing. But whatever ; 
there may be in such an application of the word history, it is o! 
that a bare narrative, however complete, of the successive ! 
contrivances by which the steam-engine or the printing-machine have 
advanced from their first rude beginnings to their present perfection, 
cannot fully satisfy the desire of knowledge when it is once called into 
action. If the description of such successive mechanical improvements 
were not connected with social progress, the scientific exhibition of 
such development, though it might interest the few, would not com- 
mand the attention nor excite the sym) of the many. And this 
leads at once to the conclusion that the various steps and processes by 
which every art and science has been brought to its present state, cannot 
be viewed simply by themselves, without relation to each other, and 


the 
the 


| without relation to their effects on the happiness of mankind, All 


leat tit ee i, a ea ha 
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such i , then, is viewed by us, though often unconsciously, | mark the progress of society, a few are often sufficient for the purpose 
as more an exhibition of the progress and perfecting of | of the historian, and that in the selection of the most appropriate 


of an individual has long since obtained the specific name of biography. 
The reason why this species of composition has always given so much 
pleasure, and often conveyed so much instruction, is clear. To desire 
to know the past, to ascertain how that which now is became what it is, 
and the successive steps of its development, is an active principle in 
our intellectual and moral composition. It is this which stimulates 
the rage oxo: his minute investigations into the phenomena which 
present ves on the surface of this globe. He labours, if not 
with the hope of finally attaining a complete view of the successive 
stages which have determined the actual state of things, yet with the 
reasonable certainty of learning something, and of being rewarded by a 
more exact and comprehensive view of the whole present condition of 
the earth. Such is the interest which some few individuals can create 
for. themselves in branches of investigation 


misery 
generations, we desire to know all the minutest circumstances of the 

Shay Aaally becesse posse of ths Guaaoter wide diniogulstes 

° which distingui 

them from other men, and how they finally accomplished that for which 
their names are remembered. The history of an individual is so far 
like the of a nation, that it involves a from a beginning 
to a certain definite point ; and though the life of an individual cannot 
be viewed detached that of his age and country, it possesses for 
all the purposes of instruction a sufficient analogy to the life of a 
nation. The commencement of the national life is generally hidden in 
the obscurity and the meanness of its origin ; its termination, also, is 
not marked by any event so distinct as that of an individual death, but 
its condition at any one state, like that of an individual, is to be deduced 
only from a full comprehension of all the preceding circumstances of its 


We may then conclude that the history of any nation is a statement 
in ical order of the various actions and events by which the 
society which constitutes that nation has attained and is in its actual 
state ; meaning by its actual state (so far as such a term is capable of 

ition), its aggregate means of happiness. But though such a state- 
ment as we have just mentioned of actions and events, when they are 
judiciously arranged, will of itself indicate the A cages principles which 
from time to time have more or less affected the condition of society, 
the of the historian is distinguished from the labour of the 
annalist by the philosophical character which he gives to his work. It 
is true that history, even thus viewed, may be written by one man 
more particularly with reference to one kind of actions and events, and 
by another man more particularly with reference to another kind; but 
as the subject of history is the progressive development of meg Li the 
historian who best seizes on those things which at each stage c! - 
terise this Os sree a ger wiped iving his work a real 
cag ape e A e religion, the positive morality, the legis- 
cri toubeay at oP et aay pes of a People, are matters 
w i ect the happiness of a nation. eir progress in 
the mechanical or other arts is not to be overlooked, for their material 


prosperity 
philosophic historian in tracing the progress of any given soci 
tes origin to ita developmen - bs ae 


; , -—such may be called a philosophic 
of history, or, in other words, a determination of the general 
ay which govern any given society, and the consequences which 


to time enter into the ition of society, and so to show at each 
wih de progress, not re condition of , but the causes 
condition, 


to independent of the pleasure given by the mere communica- 
tion of knowledge ; that out of the infinite number of events which 


he will show his judgment and skill ; that while he clearly points out 
those great principles which have had most influence on the condition 
of society, he will not overload -his work with reflections which the 
matter will suggest to the reader; and he will often not do more than 
put him in the way of following out a train of thought. His art will 
often teach him to conceal his p of instruction, when his work 
xe a be prejudiced by his apparent forgetfulness of the dignity of 
is subject. 

To enumerate among the historian’s qualifications those of industry, 
integrity, and sound knowledge, or to detail all the qualifications for 
executing his task in the best possible manner, would be superfluous, 
if not impertinent, We will, instead of this, briefly consider the value 
of his labours when complete, and the advantage which his readers 
will derive from a careful perusal of his work and an examination of 
the original sources. 

It is a common remark that all history is uncertain, and if the 
remark were true to the full extent, there would be little use in 
attempting to show the value of that which cannot be known with 
certainty. But though many events, or rather the circumstances of 
such events, are uncertain, the most valuable part of history rests upon 
monuments which have no uncertainty in their character. The 
pawl institutions of every civilised country, its laws and _ its 

iterature, are facts recorded, which are rich in instruction, independent 
of their being evidence of an infinite number of other facts of which 
they are conclusive proof. 

The study of these monuments, whether prosecuted under the 
guidance of a historian who has used them in the construction of his 
work, or followed out by individuals according to their own judgment 
and mainly with reference to some special branch of inquiry, is one of 
the noblest subjects that can our attention. Such a study aims 
at the philosophical {exposition of what now is, by reference to what 
has led to it: it shows what principles lie at the roots of our social 
j ppes: what they once were, how they have been modified, and what 

ey now are. owing what each thing now is, and how it came to 
be what it is, we are better enabled to form a conjecture of what it 
will be, and how we may best fashion it to our purposes. Thus, we 
learn in what circumstances change may be made with advantage ; 
and knowing, from the experience which heey teaches, that changes 
in our social relations become n in the course of time, and can 
neither be resisted with safety nor safely left to be directed by the 
blind impulse of numbers, we learn how to introduce such changes 
with the least chance of injury. But such a study, to be prosecuted 
with success, must be the occupation of a’ whole life: and if the active 
man of business into whose hands legislation and administration have 
been entrusted by choice, or fallen by perverse accident, has neither 
leisure nor capacity for so extensive a survey, he ought to learn enough 
to know his incapacity, and to ask counsel of those who are able to 
give it. 

For him who would aspire to the high rank of a reformer of the 
institutions and the laws of his country, a sound and comprehensive 
knowl of the leading notions contained in such institutions and 
laws, of their progressive development, is absolutely essential to 
success in attempting any beneficial change. For in every case of 
change, the question is not merely, what would be best in the forma- 
tion of a new society (if such a thing as the formation of a new society 
could for a moment be supposed), but the question is—what is best in 
the actual circumstances: and a full or a competent knowledge of 
actual circumstances must from the very nature of things comprehend 
a knowledge of previous circumstances. 

To those whose business it is to interpret the laws of their country, 
whether in the way of giving advice or of judicial exposition, a full 
apg of fundamental principles, whether Lsicigeaty in written 

ws or resting on Saag agin customs, is indispensable, in order to 
enable them to solve the numerous difficulties which attend the 
complete exposition of rights in a society which has existed for 
centuries continually progressive in wealth and in numbers. Such an 
active and living principle can alone maintain the study and the 
exposition of law in a state of healthy vigour in the midst of the com- 
plicated relations of modern society ; and such alone can form a sound 
basis on which to construct a code, if ever the experiment should be 
found advisable. 

What ate the advantages of a complete historical pens to the 
philosopher, who would operate upon the popular opinion and impress 
on his countrymen and the world those principles which he has 
discovered, or believes, to be the best principles of human action ? 

While the mass, who are intolerant of the labour of inquiry and 
reflection, or are deficient in the power of grasping general principles, 
cling to every existing thing, and every traditional opinion, with the 
instinct of self-preservation, those who possess, or think they possess 
(which is the more common cage) philosophical principles, 
are apt to overlook the conditions which are nece; for their 
practical application. Thus each actually existing school of philosophy 
expects to accomplish everything in its own day: it despises the 
knowledge of the past, and would anticipate the jag experience of 
the future. But the effort to ie what has long existed fails 


before the inert resistance of accumulated ages, embodied in the 
YY 


691 HOAR-FROST. 


HOE, HORSE-HOEING 


habits, opinions, and institutions of the actual generation. The 
anticipation of universal change and complete reformation of social 
habits and opinions is indulged in for a few short years, sometimes 
mingled with contempt of those who pertinaciously look behind them, 
instead of embracing the offered means of perfectibility and throwing 
away all doubts as to the future. An instructive lesson is all that 
remains of these brilliant expectations, We learn the folly of wrestling 
with a power which we have not duly estimated, and of opposing to 
opinions and habits hardened by the growth of centuries, even the 
porwr conclusions of our philosophy, when unaided by the experience 
of history. 

HOAR-FROST. The circumstances of terrestrial radiation, chiefly, 
but not exclusively, nocturnal, under which the aqueous vapour of the 
— becomes condensed upon the bodies in contact with it, 
have ly been discussed and explained at some length in the article 
Dew. If the temperature of those bodies be reduced below the 
freezing point of water, hoar-frost is produced, the most characteristic 
form of which differs from dew only “ by being frozen in the moment 
of deposition, and therefore accreting in crystalline spicule.” But it 
occasionally happens, as also mentioned already, that after the globules 
of water constituting dew have been deposited, they are frozen, and 
become another form of hoar-frost. 

In calm weather of the requisite low temperature, without fog, hoar- 
frost is seen in great perfection, especially in those mornings which 
are preceded by clear and cold nights, accompanied by a t deposi- 
tion of moisture, or of what would have been moisture fad not the 
freezing process interfered. It then imparts to trees and shrubs, and 
out-door objects in general, a great degree of beauty and richness of 
effect, fringing the leaves of plants with myriads of spicule, suspended 
either parallel to each other, or inclined at various angles, of all lengths, 
crossing and recrossing, and forming innumerable combinations. In 
some 0 ations by Mr. Glaisher, first published in the ‘ Philosophical 
Transactions’ for 1847, and subsequently in the Report of the Council 
of the British Meteorological Society for 1854, he describes the manner 
in which these spicule were formed on various plants. “ The leaves of 
the laurel,” he found, “ were fringed with spikes one-tenth of an inch in 

» and inelined to the leaf both upwards and downwards at an 
of 60°; but none were in the plane of the leaf continued. On 
the surface of the leaf were spikes down each fibre, one-sixteenth of an 
inch in length, The leaf itself, in the intermediate spaces, was covered 
with small white particles. The leaves of the privet were richly fringed 
with spikes for a quarter of an inch within the leaf; thé spikes were 
about a quarter of an inch in length. . . . . Broom was most richly 
encrusted with spikes all round ; by far the greater number, and longer 
than the rest, springing from the sides of each branch. There were 
comparatively few on the top, and none there were vertical. . . . Grass 
was very beautiful. The blade I found to be covered with white par- 
ticles, which increased to spikes, becoming longer and larger the further 
from the root, terminating at the top in a rich circular cluster of 
= ge set at all angles from 0° to 60°, and one-tenth of an inch in length. 
he spikes towards the end of the blade were nearly horizontal, or in 
the plane of the blade continued. The lower part towards the root 
was free and pare | frost.” From this latter circumstance, and 
that previously mentioned of the increase in magnitude of the spikes 
in proportion to their distance from the root, it may be inferred that 
the vegetable heat in that region of the plant counteracted the reduc- 
tion of temperature by radiation, which had occasioned the deposition 
of hoar-frost on the blades. 

Guided as he had been in his experimental researches on terrestrial 
radiation, and on the deposition of dew, by those previously instituted 
by Dr. Wells, Mr. Glaisher made a series of experiments also on the 
formation of hoar-frost on various substances exposed to the atmos- 
phere under the requisite conditions. 

Glass, raised one inch high above the ground, was covered with spikes 
one-sixteenth of an inch in length, and all horizontally at the 

Glass on grass was free from hoar-frost, doubtless on account 
of the greater radiating power of the latter, the atmosphere in contact 
with the glass remaining at a higher temperature. 

On metals, such as copper, Tend, zinc, tin, iron, &c., there were 
neither lamin# nor spikes of any kind; but tin, raised one inch high, 
was a little whitened at the edges. , 

Of three forms of carbon, all powerful radiators, on charcoal and 
graphite there were spikes in rich clusters, each group radiating from 
the same point, the spiculw being generally inclined at all angles ; and 
on lamp-black the spikes were very numerous, being about three- 
éighths of an inch in thickness, and inclined at an angle of about 30°, 
and at all azimuths, or in every direction with respect to the cardinal 
points ; each cluster formed a circle, in the centre of which there were 
no spikes. 

On sand there were spikes one-fourth of an inch in length. Chalk 
‘Was covered with a mass of spikes of the same length. Whiting, which 
is chalk prepared by grinding, and suspension in water, and subsequent 
slight consolidation, was covered with rich bunches of spikes . 

ths of an inch in length. 

Of cotton wool, every fibre was encrusted with a beautiful f of 
hoar-frost, and there were also a few spikes of ice, Upon flax there 
were no spikes, it being covered with white round icles (globules 
of dew frozen?) with small sparkling flakes of ice. ood was covered 


with a quarter of an inch in thickness, inclined to the horizon at 
an angle of 60°, and at all azimuths. Sawdust was very beautifully 
covered with spiculw fans, formed by several spikes Neerres 
the same point at all angles than 30° with the horizon. 

spikes were connected with each other by lateral spikes or bands, the 
whole forming the ap nce of a fan, whose extent was 120°. Paper 
was covered with small round particles and a few spikes. 

Raw wool was richly clustered on each fibre, so as to be about six 
times ita own size; the spikes were three-fourths of an inch in length, 
and piled one upon another. Raw wool raised was sin covered 
to flax, and displayed only a few spikes running in the direction of its 
fibres. 


Raw silk was covered with spikes one-sixteenth of an inch in length, 


two of which emanated from the same point, at right angles 
fibre, and whose angle of separation was 30°. 

The various modes of aggregation of the minute crystals of icé- 
which constitute hoar-frost, are evidently dependent on differences in 
the texture, and in the 


radiating and ng g wers of these 
| materials, and present a field for investigation itherto little cul- 


‘tivated. 

In England generally, as the observations of the late Professor 
Daniell, confirmed by the researches of Mr. Glaisher, have ig 
vegetation is liable to be affected at night, from the influence 
radiation, by a temperature below the freezing point of water, every 
month in the year, even in July and me ye This explains the 
observed fact of, the existence of hoar-frost in the early morning, in 
every season, even in the mildest climates of this country. i. 

Rut in the Island of Guernsey, injthe English Channel, where frost 
in general is neither ent nor lasting, hoar-frost, according to Dr. 
Samuel — high nigh F.R.S., is also a rare a ane 

rtly to the hi ight temperature, ont A 
Lory. Ms of a breeze, more or less fresh. Neither is hoar-frost general 
in the island when it does take place, being confined to elevated and 
bleak situations, and chiefly limited to the months of January and 
February. Spring vegetation here therefore is rarely checked by that 
condition which seriously interferes with early crops, even in the mjld 
districts of Fab eens - ¥ Cornwall, —_— the sb arveus is 
driven to the necessity of protecting early vegetal uctions b 
slight layers of straw, in order that ore § may not be chilled by 
own radiation and the consequent deposi 
or to the more troublesome operation of lighting fires to wind) 
during cold clear nights, in order to produce a warm and virtually 
cloudy local atmosphere, and so to counteract the radiating process 
and its consequences. 

Ice is also formed on the stems of plants and on certain inorganic 
bodies, by a process very different from that resulting in the produc- 
tion of hoar-frost, with which, however, it is popularly confounded. 
The facts respecting it will be stated in another article. 

(Dew; Hart; Ick; Merrorotoey; Rapiation or HEaT; peer 

HOE, HORSE-HOEING. The hoe is an instrument used in 
gardens and in the fields for loosening the earth, and destroying the 
weeds between plants. It has various forms. The most common hoe 
consists of a blade or flat piece of iron, with an eye in which a handle 
is inserted at an acute angle with the plane of the blade. This hoe is 
Geordke Moec din Meapdhy ahs Sob Lote. « and the earth is 
moved by drawing the handle towards the Another hoe has 
the handle at a very obtuse angle, and is used by pushing it forward 
and cutting off the weeds an inch or less under the surface of the 
ground. Hoes are made of different sizes and shapes according to the 
work which is to be done. When the earth is to be stirred between , 
plants which are very near each other, the hoe is narrow and pointed, 
so that the smallest weed may be taken out close to the growing plant. 
When the distance is considerable, the hoe is wide, and sometimes 
compounded of several hoes, in order to stir a greater width of earth 
at once. ' 

One of the greatest improvements in practical agriculture has been 
the introduction of the hoe into the field for every kind of crop. Peas 
and beans were probably the first crops which were sown in rows for 
the purpose of hoeing the intervals ; — , and carrots 
were probably the next, and the good effects 


on these a 
by stirring and hoeing the intervals Scovel the plants, have bobs a 


e drilling of ev: er kind of produce which is apt to be 
by a Hand -hoting not having been found sufficiently e 
on a large scale, a hoe has been invented of a larger form to ‘ 
by a horse. The rows have in consequence been widened, and this has. 
introduced the horse-hoeing husbandry, which, half a century 
was thought so important a discovery as to receive the name 
the New Husbandry. The great promoter of this was Jethro 
Tull, a gentleman from near Hungerford in Berl , who —— 
observed the good effects of stirring the soil around gs imagin 
that tillage might supersede all manuring, and that by Bove 
the soil free from weeds and conatcnaaily eee and pulverised, an 
inexhaustible fertility might be uced, and sticcessive crops of the 
same kind might be without limit. The horse-hoe was the 
chief agent in this system, which imitated that of alternate crops and 
fallows; for‘the intervals between the rows in which the seed was 
sown Were hoot 6h 5 See ae , and thus fallowed for the 
reception of the seed for the next crop. Although these high expecta- 


on of hoar-frost upon bene Sf 
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fious wosr aot fallilled, the hosing of the intervals has caused a very 
great increase 35 tee prodnce of bas, epoca nean mained with 
udicious ploughi manuring, and a proper succession of crops. 

: Wea cbc Rens bos in an instrument with a beam like a plough, 
and two stilts or handles, but much lighter; in this beam, and in 
branches from it are inserted, instead of coulters, the ends of iron hoes 
of the breadth to stir the whole surface between the rows, A 
apa is generally added to keep the hoe at a proper depth in 


A horse draws the instrument, which is held and guided like a 


From this simple instrument a variety of others have been invented 
of a more complicated nature, but the object of them all is the same, 
namely, to stir the ground between the rows, and destroy the weeds as 


fast as they appear. 

This pe dy ahags now chicky used in the cultivation of peas, beans, 
potatoes, cabbages, turnips, carrots, 

The effect of hoeing is remarkable in very dry weather. Although 
stirring of the soil would seem to extract what little moisture 
a ie in it, and the weeds wither on its surface, it soon 

on the contrary, moisture is attracted or produced, and 

the plants which before appear refreshed and invigorated. 
by a chemical action of the air on the vege- 

soil and on the roots of the plants, which have the 
er of combining the gaseous principles in various ways. Whatever 
the mode in which it acts, i has proved that the more 


When the intervals are very wide, as is the case where potatoes, 
turnips, or cabbages ‘grow in rows, a light plough, with one horse, 
going up and down the intervals, answers the double purpose of a hoe 

samen iat neand 0 6 areies eg, oad cast be guided 
nearer to the growing plants than the common horse-hoe. It also 

i Ee eaiAale of 4s Sater val, own which 16 sey 

afterwards, when it has been improved by ure to the air and rains, 
Mh aperet at hot abe Shans — after th 
9 ion ing cannot too soon e 

out its because the ground may then be stirred 

young plant without danger, and the roots will spread 


it is often very difficult to use the horse-hoe, owing to 
the hardness of the surface, which rises in lumps, the very reverse of 
what is intended; but a little attention to the time of hoeing and to 
the weather will generally obviate this difficulty. Ifthe soil is bound 
at the surface, it is a proof that the preceding tillage has not been so 
it ought; that the ground has not been stirred to a suffi- 

before winter, nor laid up sufficiently dry, or that it wants 

There are few soils which may not be made mellow 
and crumbling some time or other in spring, and if the proper time be 
hoeing, the surface will scarcely ever become so 

as to rise in clods. In the case of a very tenacious soil 

small-spiked roller may be had recourse to, and after using it a 
times in dry weather, the surface will be left in a fit state for the 
The method usually adopted in the horse-hoeing 
taken from the common cultivation of the maize 
in Lombardy. The rows there are about 27 to 30 

i: as soon as the plants are out of the ground, the earth 
the plants and laid in a ridge in the centre of the interval ; 
it is exposed to the sun and rains, which, besides killing the 
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weeds, makes it much finer. In this state it is thrown back upon the 
plants and laid against the stems, which strike fresh roots into this 
mellow But this will not be equally proper with all plants 
and in-all soils. Both potatoes and cabbages are much improved b: 
heaping up the loose soil over them; but this is not the case wit 
many other plants. The beet, for example, while it is growing and 
pwelling, is not benefited by having pases thrown round it, for this 
would induce the 


root to send out fibres sideways, whereas they 
should strike downwards in search of moisture. Turnips need not be 
covered with earth from the intervals, but they may after growth be 
protected from the frost by this covering. By attending to 


one to pick up a growing weed in it. 
to hoe a field, at a certain price 


per acre, should be careful to see that the whole ground between 
the rows and the plants has been stirred ; for it is a common trick to 
throw the earth over the growing weeds, and bury them only, without 
cutting them up, by which instead of being destroyed, they flourish 
more vigorously. 

The best time for hoeing stiff soils is when they are neither wet nor 
dry ; when the surface is slightly caked, but there is moisture below 
it, and when the weather is dry after some rain. Light soils can be 
hoed at any time, and require it oftener than the heavy, especially 
in showery weather. 

A horse-hoe, in which a framework 8 or 10 feet wide supported on 
large wheels carries twelve to twenty hoes attached to coulters hanging 
at intervals of a few inches from one another, is used now in the 
cultivation of drilled corn crops during the earlier stages of their 
growth. Messrs. Garrett, of Saxmundham, Suffolk, invented an 
instrument of this kind, which has since been largely copied, in which 
the width cultivated and number of intervals hoed at once corresponds 
exactly with the width and rows which had been sown at once by 
the drill. It thus only needs that the hoe be placed on the exact rows 
which had been sown at one and the same time by the drill, and any 
crookedness or unevenness in the row will be followed by the hoes. 
That unevenness is of course common to all the rows of that width, and 
it only needs, in guiding the framework of hoes which, rigid together, 
hang in one piece, that one row be looked to and preserved, and all 
the others will be safe. Garrett's horse-hoe is now largely used in 
corn growing districts. One horse will thus cultivate 6 or 8 acres a 
day, at a cost of not more than 1s. an acre, where formerly 4s, an acre 
was expended in hand-hoeing. 

HOG. The hog is one of the domestic animals which is most widely 

i through the world, and yields to no other in its usefulness. 
It lives and thrives on every kind of food, vegetable or animal. It 
grazes like the ox, and will even eat hay; and its stomach can digest 
what few other animals could swallow with impunity. The sow may 
bear two litters in the year, having from eight to twelve, and even 
sometimes eighteen or twenty young ata time. No animal converts a 

iven quantity of corn or other nutritive food so soon into fat, or can 
[be sincda ib oe os prea b tealely af Sea, 

The food of the hog in a wild state is grass, roots, acorns, beech- 
mast, and wild fruits. He is active and ferocious; and the boar-hunt, 
from the danger which attends it, is well adapted to excite those who 
are of a warlike disposition, 

There are many varieties of the domestic hog. The brindled hog 
most nearly resembles the wild species; but although the flesh is 
savoury, he does not fatten so soon, nor is he so profitable as the more 
indolent and softer skinned sorts are. , The great quality of a hog is 
his power of digestion ; the more rapidly he fattens, and the earlier he 
sill, Yt made to increase in flesh without in ing in bone, the better 
is the breed. Some of the small hogs which are brought from China 
are remarkable for this quality, as well as for their prolific nature ; 
and when, by judicious crossing, the size is increased, they are a very 
profitable breed. The Chinese pig is short in the head, with ears 
pricked up and pointing backwards, very wide in the cheek, high in 
the chine, and short in the leg. When a sow of this breed is heavy in 
pig, her belly generally drags on the ground. The young pigs of the 
Chinese breed, especially the white variety, are excellent for roasters, 
at three weeks or a month old. They are ‘small and fat, with little 
bone, and their skin is very delicate. They also make excellent porkers 
at about three months old, when kept for some time after weaning on 
the refuse of the dairy. They may be kept fat from the time they are 
weaned till they are fit to be killed for bacon; and although they do 
not come to a great size, they will pay very well' for their food if 
killed at a twelvemonth old. 

The breed that is nearest to the Chinese in this country is the 
Suffolk. They are errs white, with the ears pointed and rather 
forward. They are in the chest and loins, short, and compact : 
they make fine bacon hogs at twelve. or fifteen months old, weighing 
from twelve to fifteen score when killed. The sucking-pigs an 
porkers are also very delicate. The Essex breed is mostly black and - 
white. The pure breed however is quite black, and is so nearly allied 
to the smooth Neapolitan breed, which has scarcely any hair, that we 
cannot help supposing a co inity between them. When crossed 
with the Neapolitan they produce a breed which fattens at a very early 
age, and to an astonishing degree, 

The Neapolitan hog is black, without any hair, very plump, with 
pricked ears. No breed can excel it in the aptitude to fatten, The 
sows often become so fat on very scanty food that they will not breed: 

are extremely tender ; and if they happen to have litters in winter, 

it is difficult to save the young pigs from dying in cold nights. A 

cross of the Neapolitan with some of our hardier breeds greatly im- 

roves their usefulness, without injuring their aptitude to fatten: the 

best cross is with the Berkshire, which is a very well shaped hog, with 
short legs, small ears, broad chines and loins, and good hams. 

From the prolific nature of the hog it is not difficult to select the 
best individuals to breed from. In every litter there will be pigs 
better formed than the generality, and by careful selection of these 
any breed may be soon much improved without crossing; but ex- 
perience teaches that when the sows and boars are too nearly related, 
the fecundity gradually diminishes; and by continually breeding from 
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the same stock the sows at last produce only two or three diminutive | know this well, and always purchase the best fed bacon, eyen at a 
ata litter. Hence the advantage of frequent ing. To restore | much er price, finding it most economical. Potatoes are an excel- 
undity no breed is so effectual as the Chinese. GAGE venapouncied lent for store and may be given boiled and mixed with meal 
of the kshire, , and Neapolitan, may, by careful selection, | in the early part o Ste eee ne end pee 
_onmagg oy Tees which can be desired: numerous litters, early | firmest flesh, and barley-meal sweetest. Before a hog is killed he 
tting, and hogs for bacon at twelve or sixteen months old, are | is usually fed for some time on barley-meal and water alone, given as 
the result of care and judicious breeding. thick as idge, and very little if any water is tohim. This 
The black hogs are preferred on the whole. They are much less | last rule is often carried to too great an extent. Much water will make 
subject to diseases of skin than the white, and the sun affects | the food through too rapidly, and it will not be digested, but the 
them less in summer. For sucking-pigs or porkers many prefer the | hog never suffer from thirst, or he will not thrive. Before a 
white, merely for the appearance ; for the black skin is in general the | hog is killed he should be kept without food for twelve hours at least. 
finest. He may however have water, He should be killed without giving 
There are some very large breeds, which have been recommended | him more or more struggling than is necessary, by a 
under the idea that in a large hog the bone and offal are less in pro- | resolute stab with the knife in the low: of the neck, where the 


breeds do not 
ut up to fatten 


portion to the flesh than in a er. But these 
eighteen or twenty months old, or more; and ‘h some of 
them may make hogs of thirty or forty score when killed, they are so 
long fatting, and require so much food, that it is very doubtful whether 
they pay for it as well as the smaller. For delicate bacon the hogs 
Killed at a twelvemonth old, and weighing ten or twelve score, are 
much erred ; and we are inclined to think that they are most 
When hams are the principal object the hogs should be 
illed before they are so fat as they might be; and the carcase is then 
on “P and Pilea instead of being ene into dry ae = 
eep hogs profitably, a regular system should be pursued both in the 
breeding and feeding. Proper hogstyes should be constructed, with 
chambers in which the pigs of different ages and the breeding sows 
may be kept separate. The food should be prepared for them by 
boiling or steaming in an apparatus conveniently placed, and the 
greatest cleanliness and regularity should be maintained. It is a great 
mistake to suppose that the hog loves dirt. If he can keep himself 
clean he will do so; and the wallowing in the mud is not from a love 
of dirt, but from a heat and itching in the skin in warm weather, 
which is relieved by rolling in the cool mud. If hogs have plenty of 
clean straw and clean water they never will be dirty, and oe 
makes them thrive so quick, or pleases them more, than being 
and curried regularly. If the hogs are not closely confined they will 
always lay their dung at a distance from the place where they sleep or 
feed, and in all well constructed styes there should be a small yard to 
each apartment, in which the hogs can deposit their dung. 
When a sow is near the time of farrowing, which is four months 
. after she has taken the boar, she should be put in a styé by herself, 
with a moderate quantity of straw, for if there be too an abund- 
ance she is apt to lie down on the young pigs when they bury them- 
selves in the lvose straw. Sows, although very careful of their pigs, 
hh Asp to lie on them, especially when any of them are near a 
wall. To prevent this it is very useful to have a ledge of wood six 
inches wide and six inches from the ground all round the stye, so that 
she cannot lie down close to the ; and if a young pig should be 
accidentally behind her he can take refuge behind the ledge, and thus 
escape being lain upon. When no precautions are taken, one-fourth of 
a litter is often lost in the first day or two after they are born. Some 
sows have the. unnatural propensity of eating their young pigs as soon 
as they drop; good feeding will prevent this in some measure, but 
attention at the moment of farrowing is the safest and surest pre- 
ventive, When once the young pigs have sucked, much of the danger 
is past, 

A sow with many pigs should be well fed; bran and barley-meal 
with milk or whey is the best food; grains, where they are at hand, 
are excellent; and it is useful to let’ the sow out to graze ina 
meadow or clover-field for an hour or two ev y, shutting up the 

igs during that time till they are a fortnight or three weeks old, 
when they may then accompany the sow. A sow will live many years 
and bring numerous litters, and the older she is the better nurse she is 
in general. When a sow has ten or twelve pigs ata litter, and two 
litters in the year, one in spring and another in autumn, she is too 
valuable to be killed, and ought to be kept as long as she will breed, 
But otherwise it is very profitable to let a young sow have a litter at 
ten months old, and spay her immediately; she will then fatten most 
readily as soon as the pigs are weaned, and the bacon will be as good 
as that of a maiden pig. Whenever a sow does not bring a sufficient 
number of pigs, or is not a good nurse, or has ever eaten any of her 
pigs, she should be g mpee and fattened immediately. The young pigs 
intended to be kept for stores or for porkers, are castrated or spayed at 
a month or six weeks old. The males are then called barrow pigs, and 
when fatted make the best bacon. They are usually put up at a 
twelvemonth old, and fatted in three pay Rie months. At first they 
have potatoes raw or boiled, mixed with bran, or bean-meal, or they 
have dry beans and water. After they are half fat they should only 
have pease-meal or barley-meal and water, unless in a dairy, where 
they have the skimmed milk or whey. Hogs fattened on potatoes onl, 
do not make so good bacon as those which are fatted on corn. This 
the reason why the home-cured bacon sells so much dearer than the 
Trish. When a piece of raw bacon is put into the pot and swells in 
the boiling, it is a sure sign that the hog has been well fed; if it 
shrinks, it may be concluded that he has been fattened chiefly on 
potatoes, The labourers in the country, who live chiefly on bacon, 


The blood should be allowed to flow freely till it is all out of the body. 
The hog, if intended for salt , must then be scalded with water 
not quite boiling, and well scraped to take off the hair with the cuticle; 
but for bacon it is best to singe the hair-by burning straw over the 
body, and then scraping the skin. Care must be taken not to allow 
e skin to be burnt so as to crack. The hog is then hung up, and 
the entrails taken out. The inside of the body is washed clean with a 
cloth or dipped in water, that no blood may remain, and the 
next day the hog is cut up. The head and feet are cut off; the chine 
is taken out, the wu the ribs, with the bone, are 


pe small — —_ eee — attached ndrmrd vt 
‘og-stye.—Much of the profit o i 
on the economy of Rhoda eag eb rater! 
thought enough to lodge a 
mous with a filthy in every wi 
should be a convenient place for keeping hogs 
may be erected at a small expense, and which soon 
outlay. There should ee place to boil and mix the food in, with 
or more large co) and a steaming 
mixed in aha: ae hgret arg 
there may be no filtrations. If there is only one tank, there should be 
a partition in it. From the boiling-house there should be an immediate 
communication with the feeding-styes, under cover, if ible. Each 
stye should intoa small yard behind, which should communicate 
by a door with the principal farm-yard, where the barn is situated in 
sees red lp comer bot exiecae 3 Wn te ee 
ere sho separate styes for breeding-sows, for porkers, and for 
ing h Sina fod ebeald Ln given tn Seouwies Inve eopenahe aoa 
one stye. e 0 iven in tro’ ae i 
ment from that in which the hogs lie down, and no itter shoul be 
allowed there. The floor, which should be of brick or stone, should 


A ged of back' 
cut out, leaving as much flesh as possible adhering to the fat 
hogs 
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Elevation and Section, 


A, root-house; », boiling and steaming-house ; a, steamer; 4, copper; ¢, ¢, 
steaming-vessels; d, d, tanks to mix the food; ¢, passage ; 
1, 1, feeding-rooms ; 2, 2, sleeping-rooms; 3, 3, yards. 


tri for keeping the tro’ clean is to a flap or door, 
made with! hingagyee hang Lodisontally over the trough so that it 
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ing, and alternately be fastened by a bolt to the inside or 
itside of the trou; When the hogs have fed sufficiently the 
is swung back and the trough is easily cleaned out. It remains so 
feeding time, when the food is poured in, without any impediment 
the greedy hogs, who cannot get at it till the door is swung 
simple contrivance saves a great deal of trouble, and is 
to any common stye. It is a great advantage to be 
i the styes without going into them, and this is effected 
em under a common roof, which may conveniently be a 
to the boiling-house or any other building, with a passage 
them, 

The preceding figure will best explain this, and show its superiority 
over common styes, 


28 
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(Orprvation. | : 

HOMAGE, an incident of tenure which is now abolished by 12 Car. 
IL, c. 24. [Feupan System.] The word, according to Sir Edward 
Coke, is derived from homo, because when the tenant did his service to 
ome prmeeiite Tnglish low of three kinds 

omage, ing to the o! ish law writers, was inds : 
by ligeance, by reason of tenure, and ancestral; the distinction 
between which is not necessary to state here: the whole subject, 
which is now merely matter of curiosity, is explained in ‘Coke upon 
Litt.) p. 64, and following pages. . 

The copyholders, or tenants who attend to do their duty in a court 
baron, are called the homage. 

HOMBERG’S PHOSPHORUS. [Catcrum; Chlorine and Calcium.] 

HOMESTEAD, There is in most districts of the country a great 
difference between what is required as farm buildings by the intelligent 
farmer and what is supplied to him by the landowner. Every writer 
on agriculture has described what is wanted, but it is only here and 
there that you find specimens which come up to their ideal. Thus, 
Mr. Hewitt Davis, (‘Practical Essays,’) wrote many years ago the 
following description of a homestead :— 

“On a well-arranged farm, the following details will have been 
attended to, namely : 

“1st. The situation of the homestead wi central, and hard roads 
will have been made to afford free communication between it and all 
parts of the farm, . 

“2nd. The farmer's residence will have been so placed that he may 
see what is doing at the homestead, and have a constant eye on the 
labourers, the live stock, and property on the premises. 

“ 3rd. The yards will be so protected by the stables, cattle-houses, 
and barns, that the stock will be shel from the east, north, and 
west quarters, and only to the south, and so formed that the 
manure will be collected with least possible waste. 

“ 4th. The barns will extend east and west, so that the sun at noon 
may shine on the barn floor, and their south side may form shelter 
hovels for the cattle to lie under. 

“ 5th. The open cattle-sheds and pig-sties will face the south or west, 
so that the sun may shine into them, and the stock may lie dry and 
sheltered from the colder winds, 

“6th. The rick-yard will be so situated as to have a quick and 
convenient connection with the barns, and be provided with rick- 
stands on pillars best adapted for ventilation and protection of the 
corn from vermin. 

“ 7th. Tanks will have been made for the collection and preservation 
of the drainage from the stables, cattle-sheds, and yards. 

“8th. A supply of water will have been provided, in convenient 
situations, for the ready and constant use of the animals. 

. “9th. Cottages will have been erected on the farm to secure a certain 
amount of labour at all seasons, and in situations where the labourers 
will lose little time in going to and returning from their labours, and 

assist in the preservation of the property of the farm.” 
memoranda, will, with few exceptions, serve asa guide in almost 
every circumstance to what is wanted as a homestead. The tendency 
at present is to do away with barns, and to cover a given space of 
with shedding, dividing out the space thus sheltered into 
ys or stalls, or boxes, according to convenience ; but the references 
position, aspect, accommodation, tanks, water, cottages, will be 
generally allowed as applicable everywhere, In illustration of the 
completer equipment which one sometimes meets with now on first- 
class farms, the following paragraphs are given as descri tive of the 
Coleshill farmery on Earl Radnor’s home farm, the Engletie id farmery 
on Mr. Benyon’s home farm, and the Haineshill farmery on Mr. 
Gor aptan nate all in a Fee =< more or less on the 
new a roof over the who rangle on which the 
buildings stand. : 


1. Coleshill Farmery.—On entering the buildings, and the adjoining 
rick- and timber-yards, which you do at the east end, you find yourself 
in the barn, and in the upper story of it ; for it is two stories high, the 
upper story being on a level with the rick-yard, and the lower on a 
level with the floers of the stables, cattle-sheds, and yards. This 
difference in the levels is caused by the site being on a declivity, which 
has been most judiciously taken advantage of, and by a little extra 
labour divided into two steps or flats, each with a very slight incline 
downwards, towards the west. In this upper story of the barn is 
placed part of the machinery connected with threshing and dressing 
the corn, weighing, and sacking it; also a mill, with a pair of French 
stones, for grinding wheat.or other grain, either into fine flour, or for 
merely crushing it or kibbing it. There is, too, a mill for grinding 
linseed. Opening from this floor is, on one side, a spacious 

, from which the corn, when dressed and sacked, can be let 
down, through a trap-door, by a chain and pulley into the waggons, to 
be conveyed away when sold. It opens also into the engine-house, and 
into a large loft for storing wool or anything else that requires to be 
kept dry. The threshing-machine, which, with all the other machinery, 
mills, chaff-cutters, &c., is driven by a steam-engine of 7-horse power, 
is placed on the ground adjoining to and on the same level with the 
upper floor of the barn, as is also a circular saw for cutting out rough 
stuff, which is likewise worked by the engine. All this machinery, 
including the steam-engine, was made and erected by Messrs. Clayton 
and Shuttleworth, of Lincoln. It is composed of various machines b 
which the grain is threshed, dressed, deposited in sacks, and weighed. 
ready for market, at one operation, without any intervention of manual 
labour. There is also a mill on an improved principle for grinding corn 
for cattle ; also a chaff-cutter ; a mill for bruising oats and linseed; a 
saw-bench with circular saw, &c., in the carpenter’s shed : all of which 
are driven by a 7-horse power portable steam-engine outside the barn 
wall, which communicates the power to a line of shafting extending 
across the barn, from which the various machines are driven by leather 
bands. The straw passes down from the threshing-machine, on a sort 
of riddling screen, to the ground floor below (where the chaff-cutter is 
placed), either to be converted into chaff or to be stored away in the 
straw-house. Following it by a staircase, which leads down to the 
ground floor, the second flat or step of the area of the premises, you 
find yourself in a commodious building, with doors north and south 
large enough for a loaded waggon to pass through them. This building 
is appropriated for receiving the caving, chaff, and straw when cut for 
litter, being divided into separate rooms ; the north end being reserved 
for the purpose of storing roots which are thrown in from the upper 
level through a shute provided for that purpose. The adjoining rooms 
are fitted up with various apparatus fot steaming and preparing food 
for pigs and cattle, and comprise, as well, vaults for skim-milk, wash, 
‘&e., and a slaughter-house. On leaving this building by the south 
door, you enter a court in which, on your left hand, are the riding- 
horse stables, coach-house, harness-house, &c. ; and above, and adjacent 
to them, the steward’s office, room for reckoning with the men, &c. 
On your right hand is the building containing the boxes and stalls for 
the cows, and the yards and sheds for these cows and their 
offspring, and for young stock. On leaving this building by the north 
door, another court is entered, which is surrounded by sheds for carts, 

loughs, and other implements; by the cart-horse stables, harness- 
oun; &c.; and by the yards attached to some of the boxes for fatting 
cattle. ~ 

Returning to the centre of this building,—that is, to the spot, or 
near to it, where the straw from the threshing-machine comes out 
from the apparatus above,—and turning your to the west, you 
look down a long vista, flanked on one side by the piggeries, and on the 
other by boxes for fatting cattle. The roof is of slate, with skylights, 
glazed with rough plate-glass, and open at the sides, which are fitted 
with ventilators. The roofs of the other ayenues and of those parts of 
the building where the stock is kept confined are lighted and venti- 
lated in a similar manner; thus every part of the place wears a light 
and cheerful appearance, and as there is free escape for all impure 
exhalations from the cattle and the litter, and as powdered gypsum 
is scattered about when and wherever necessary, the building is 
entirely free from any unpleasant smell. In the centre of this covered 

th, or main avenue, is a tramway which runs down to the tanks, and 
is to be continued on into the sheep-house, which is placed at the 
bottom, at the extreme west end. On passing along about two-thirds 
of this avenue, you come to a turn-table on the tram-way, the line 

ing intersected here, at a right angle, by another avenue or transept, 
on which also a tramway is laid, which runs across the building from 
north to south, and on each side of which are cattle-boxes—the south 
end of it running into the building containing the boxes and stalls for 
the dairy cows. Leaving the main avenue at its western end (at the 
tanks), you cross a yard and enter the sheep-house, a spacious building 
at the extreme west of the premises, with an open railed floor, and pits 
underneath for the manure. Here there is ample room for about 400 
sheep, for 250 or 300 ewes, and for 100 fat sheep, which latter are tied 
up at rack and manger. Right and left of this sheep-house and of the 
open yard between it and the tanks and manure shed, and occupying 
the south--west and the north-west corners or wings of the premises, 
are sheds and yards for young cattle, for 30 head of which there is 
ample room, 
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Returning from this point, and reaching the turn-table, you have, 
right and left, and before you, the cattle-boxes, 44 in number, intended 
Sao wa af 00 len Ue Goal occupying an entire box, and 
28 young beasts, ing two in a box. Turning to the right, you 
pass along the south branch of the transept, with cattle-boxes on each 
side of you, till you enter the cow-house, which occupies the centre 

rtion of the south side of the premises. Here is room provided for 

0 dairy cows,—20 in stalls, tied up, and boxes for 10, intended for 
the calving cows and their offspring. Attached to this department is 
the cow-yard, constructed to accommodate 14 cows, with room for 
20 calves, on stages and boxes. There is also provision made for 
tying up 12 beasts, on the old stall-system, and for four bulls—two old 
and two young ones, On turning to your left, at the turn-table, on 
coming away from the sheep-house, yoo pass between the other end of 
the double row of cattle-boxes, and come out into the yard in front of 
the row of buildings composing the cart-horse stable (for 12 horses, 
with two loose boxes), harness-houses, sheds for implements, &c, &e. ; 
these occupy one side, the north side of the yard; the west side being 
occupied by sheds and inclosed yards for young stock, colts, and for 
other purposes. 

The piggeries are placed, as stated at the commencement of the 
description of the part of the buildings devoted to the reception of 
cattle, on your left hand as you proceed westward down the main 
avenue, ey contain boxes walled in, for eight breeding sows and 
their young, for two boars, and for a score of fat pigs; each box haying 
an inner and an outer compartment, or rather having an open yard 
attached to it, so that the inmates can enjoy themselves in the open 
air or under cover at will. 

For this account of the Coleshill buildings we are indebted to the 
* Wiltshire Independent.’ 

2. The Englefield farmery.—The buildings are centrally placed. 
They consist first of a block, about 50 feet by 100 feet, covered in by 
a double span roof, under which are 42 boxes—six single rows of seven 
each—the rows being separated alternately by three narrow gangways 
for feeding, and two wid er gangways for carts entering to remove the 
dung. Each box has a manger for roots and hay and a trough for 
water. They are separated by rough paling, and the cattle are 
hindered from dirtying these troughs by a loose pole which they have 
to lift before they can get at their manger. 

Another block of buildings of the same length includes threshing 
machines, granary, root-house, chaff-house, steam-house, and steam 
power (a fixed 10-horse engine consuming 8 cwt. a day of coals, and 
worked now about three days in the week). Between the two the 
space is roofed over and occupied as a straw house. The steam power 
is conveyed by strap to a longitudinal shaft upstairs, from which straps 
on pulleys carry it to the threshing-machine, turnip-cutter, two pairs 
of mill stones, two chaff-cutters, cake-crusher, and corn-bruiser. 

The steam power is used to cut the roots for two days’ supply by 
means of Samuelson's largest Banbury cutter, and to cut hay Shalt al 
the rate of 5 tons in a day, two men feeding the chaff-cutter, and to 
crush oats and crack beans by Turner's capital machine for the purpose 
—all at one and the same time. 

On the south side of this block of cattle boxes is a shed for imple- 
ments. On the west side is a range of stables, lofty and airy, with no 
particular nicety, but great convenience, of internal ment, and 
on the other side as a lean-to there are shedding and yards for the 
calves, of which 50 or 60 are kept in three divisions, provided with 
racks for straw and mangers for the roots, and chaff, and cake, North 
of the threshing machinery and barns are six long rows of open 
roofing for storing away the corn, The implement shed, barns, straw 
house, granaries, and corn-shed thus succeed one another as you go 
northwards. East of this range is a cow byre, nag stalls, slaughter- 
houses, poultry-house, &c., on two sides of a square, thus sheltering a 
yard for cows and calves from the north and east, and lying alongside 
of the cattle boxes, and another square of pigsties and yards lying 
alongside of the granaries and threshing machinery, The corresponding 

eastward of the rows of corn sheds remains to be occupied by 

eds and yards for cows, if it should be resolyed to establish a herd 

of short-horns. The threshing machinery was erected by Clayton & 

Shuttleworth, of Lincoln. The buildings were planned by Mr. Benyon 

and his steward, and erected by the workmen of the estate at a cost of 
about 3000/. 

3. The Haineshill farmery has been erected from the plans of 
Messrs. Beadel and Chancellor, London, and their leading feature 
—extensive yards under lofty roofing—is more or less carried out at 
all the other homesteads which those gentlemen have erected on the 
estate, The main block of buildings occupies a ground plan of about 
140 feet by 100. There is a lofty range on the long side, which runs 
north and south, and from the middle of this projects a shorter piece 
of the same height towards the east, while the main block is an 
extension for about 100 feet westwards of the same roof of its full 
length, generally, however, of « somewhat lower elevation. The lofty 
renge includes in its centre a very complete threshing machinery, 
worked by a steam-engine of 8-horse power—all erected by Messrs. 
Ransome, of Ipswich. On the one side of this centre-piece lie the 

ies above and cattle food stores with chaff house w; and on 
the other side lie hay and chaffing apparatus above and roots below. 
The hay is put in, from the cart or waggon outside, on the level of the 


upper floor, the roots are thrown in from the ground floor below, 
corn to be threshed is thrown in on the upper floor at the end of 
arm of the buildings which projects eastward ; the ground floor of 
piece being occupied by carpenters’ shops. The corn fed in 
machine on the upper floor downwards, the chaff is blown 
below; the straw rea , being lifted by the clever elevating 
employed by Messrs. ¢ in their fixed barn machinery ; and 
corn being winnowed on its descent is brought upwards in ele 
and passed through another winnower before it reaches the separators 
from which it is delivered in sacks on the granary level. These are at 
once wheeled off to the stores, while the straw is carried away 
stored on a floor on the same level, which extends under the 
part of the roof right over the covered yard below, from which it is 
thrown down for the supply of the yards, \ 
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tervening space, 
you have on either hand the boxes in which the farm horses are kept 
solitarily, most complete in all their equipment with , Water- 
trough, &c., only boarded up so high as to make it a case 
solitary confinement except in so far as each has a look out on the 
gangway. As you walk down the other side gangway you have on one 
hand first boxes for cows, then little yards for sows with litters. 
the other hand you have three yards each for six or eight cattle, either 
dairy stock, fatting beasts, or young and growing heifers and steers. 
The central ay under the straw floor from which you see all 
this, has upon one hand a long range of sparred flooring divided into 


yards for ten or a dozen sheep each, and containing in all about three- 
score useful Hampshire Down tegs, ouileaily in thriving condition. 
On the other hand, and between you and the horse boxes, lies another 


series of yards for fatting cattle. The 
north and east by the highest portion of the erection, and being also 
walled up on the sides to the roof, they are left for the most part 
open on the western side. The ridge lines of the roof are and 


there is ample window room for light, so that light and ventilation are — 


provided along with perfect shelter. : 

Apr from this main block of buildings lie the steward’s house and 
out-houses, including an exceedingly neatly and even elegantly saving 
soy a bake-house, slaughter-house, poultry-house and poultry yard. 

The western and open side of the building presents a very tasteful 
elevation towards the mansion, which, at the distance of half a mile or 
more, presents its old Elizabethan gables amidst the wooded park. 

On the same estate there are other good homesteads, Those at 
Hinton for instance, while evidently on a similar with that of the 
home premises at Haineshill, though on a 


yards 
open to the south sheltered by a lofty roof supported on slender 


iron columns and surrounded by a wall on the north side, and bya. 


range of barns on the west, and of granaries, root-stores, chaff house, 
and stables on the east. The stables are thus open to the outer air, 
though well under the shelter of the roof, and the horses are 

in pair stalls with swinging divisions, The central yard is 

by a gangway and includes divisions for cows, for fatting cattle, for 
calves and yearlings, with pens for swine, The floor is asphalte. 

In addition to these descriptive notices, it must suffice to say, that 
the cost of good buildings is well repaid by the increased annual value 
of the estate. Shelter for live s' and safety for produce, and for 
both cattle and implements, are always worth paying for; and the tenant 
of good land will not grudge as additional rent, a good per centage on 
the landlord's outlay in rene him with the necessary buildings. 

HOMICIDE, in the English law, signifies the killing of one man by 
another. Homicide is of three kinds: justifiable, excusable, and 
felonious. Justifiable homicide is when the death is caused by the 


lar 


are sheltered on the 


er scale, are in some — 
t | of their features superior. They, like the Haineshill ones, include 


performance of an act of unavoidable necessity, where no shadow of — 


blame can be attached to the party killing, as soldiers in action, 
ns defending their own lives, &c. LExcusable homicide is of two 
inds, b oe ppd and in self-defence ; wieder 
ing a act, and using proper precautions, un ly kill 
pac the second, where a person in defending himself from an 
assault of a less serious nature than the second instance of j 
homicide before mentioned, kills the offender; and this it is often 
difficult to distinguish from manslaughter, in the legal sense of the 
word, 
Felonious homicide is the offence of murder; for the legal definition 
of which crime see MuRDER. nf: 
HOMILY (dpsAla), in ecclesiastical writers, is a familiar discourse on 
a religious subject. In the earliest of the church the words 
sermon (Adyos) and homily appear to have been used indifferently ; 
but Photius distinguishes the homily from the sermon, as being a 
familiar conversation, in which the preacher and people interrogated 
each other. 
All the homilies of the Greek and Latin fathers were apr ery 4 
bishops, for before the Sth century aye but niger pi were allowed to 
. We have good specimens is 80) composition extant 
among the works of Chrysostom, Gregory, and other fathers, The 
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‘Clementine Homilies’ are supposed by Le Clerc to have been forge 
by an Ebionite in the 2nd century. (Lardner’s ‘ Credibility,’ pt. i’ 
© 


In modern use the term “ homily” is applied to a discourse read 

out of a book, and not composed by the preacher. 
In the 8th century a collection of homilies was compiled from the 
writings of the fathers by Paul the deacon and Alcuin, at the com- 
This collection is called the ‘ Homiliarium of 


At the period of the Reformation in England two books of homilies 
were published by authority, in order to ensure uniformity of doctrine 
and to supply the defects of some of the . The book was 
published 1547, and consists of twelve homilies, mam of which 


are ascribed to Cranmer, and others to Latimer, Ri , and : ry 


there are forty-four discourses. 
known, the following are the heads :— 
A fruitful exhortation to the Reading and Knowledge of Holy 


1 
~ Scripture; in two parts. 


2. On the Misery of Mankind, and of his Condemnation to Death 
“ everlasting, by his own Sin; two parts. 
3. On the Salvation of Mankind, by only Christ our Saviour, from 
Sin and Death everlasting; three parts. 
A short Declaration of the true, lively, and Christian Faith ; three 


, Of Good Works annexed unto Faith ; three parts. 
T hasinah er Love ea fa a two parts. 
R i wearing and Perjury; two parts. 
Roc hay aden bore br beglndege eoth pg Bane besa 


parts, 
11. Against Whoredom and Uncleanness ; three parts. 
12. pening Contention and Brawling ; Se. 
HOMEOPATHY, the art of curing foun on resemblances, 
in the Latin ion “ similia similibus curantur.” It is 
derived from the two Greek words “ dacs” “ similar,” and “ +d0os,” 
“ feeling ” or sensation, and hence a condition of body, such as that of 
otat : dap Ted Pate: he bie ere gee 
luce upon a health fects similar to the 0! 
— under which the pat patient suffers. cenaced 
system of medicine stands in direct contradistinction to that 
founded upon the ciple of treating diseases by their 
“contraria contra curantur,” which has served more or less as a 
guiding law since the time of Galen. To this last method the disciples 
of the new school have given the name of thy, from the two 
Greek words “&Ados,” “other,” and “ xd@os,” condition.” This 
distinctive nomenclature will be adopted in this article as a matter of 
convenience, and to avoid circumlocution. The arguments adduced 
in support of the truth of the homeopathic law seem et ag nf 
drawn from three sources, namely, from popular experience, from 
observations upon the effects of medicinal agents recorded in the works 
of eminent medical men of different schools and various epochs, and 
from experiments upon healthy individuals made by the founder of 
the system and his disciples upon themselves. 
1st. Popular experience has proved that the safest manner of 
the circulation of a frozen limb is to rub it with snow 


in, severe burns are most quickly cttred by the use of heated 


ery similar sensa- 

ly modified Similia similibus). Cold 
parma they give Mesut ief, are, as is well known, 
ed by increased inflammation and severe after-suffering 


ydenharm, and other medical names of high repute. 
e h also insist that the acknowledged efficacy of 
of the truth of the 


ical allopathic authors, that many drugs 
by them as curative in different forms of tisees were aeieved 
by others, also allopathists, to produce effects closely resembling the 
ro those very forms of disease, or in other words, that they 
upon the principle, similia similibus : an instance or two will be 


sufficient . The English sweating sickness, which committed 
such inthe year 1485, and for some time baffled the physi- 
cians, according to Willis, to sudorifics; and it is u 
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sleep; and it has, according to the testimony of many allopathic 
physicians, proved curative in diseases characterised “by similar 
symptoms. Moreover, it is asserted by the homeopathists that all the 
remedies acknowledged as specifies by the medical profession, of what- 
ever school, act upon this law; for instance, they maintain that 
Peruvian bark produces medicinal symptoms closely analogous to those 
of marsh fever, and that the well-known efficacy of mercury in syphilitic 
complaints, and of sulphur in various forms of cutaneous disease, is 
attributable to the same power (similia similibus), and as above stated, 
that the action of vaccine matter, as a prophylactic or preventive 
medicine against small-pox, depends upon the same law. 

8rd. Dr. Samuel Hahnemann, the founder of this system of medicine, 

struck, as noticed in his life [HanneMANN in Broc. Drvy.], with 
the close analogy between the symptoms uced by Peruvian bark 
and those of the forms of disease for which it was considered a specific, 
and having obtained similar results from other medicines tried upon 
his own person, was led to the discovery of the homceopathic law ; and 
he, believing that the mode of operation of all remedial agents was in 
perfect harmony with this principle, by repeated experiments upon 
himself and some medical friends, converted to his opinions, first 
determined their direct action and then employed them in disease. 
The practical results obtained by himself and the physicians of his 
school are appealed to by them as a further confirmation of the truth 
of their fundamental law. 

The extremely minute quantities in which the remedies are admi- 
nistered, seem to form a marked difference between the homceopathic 
and all other schools of medicine. The homeopathists however assert 
that this is merely a point of practiee to be determined by the phy- 
sician at the bedside of his patient, and that in the application of the 
homeopathic principle to the treatment of disease, it was soon found 
that remedial agents given in the doses usually employed, acted too 
energetically upon a frame already predisposed to their influence by 
the affinity existing between their medicinal effects and the morbid 
signs of the disease ; and hence a gradual diminution was made in the 
quantity of the medicine exhibited, in order to approximate to that 
amount which might exert its full curative power without aggravating 
the sufferings of the patient by an excess of medicinal action. The 
result has , the general adoption among homeopathists of the 
minute doses at present in use, 

Hom y numbers in its ranks many medical men who had 
obtained repute and professional eminence in the other systems, 
before they embraced the principles of homeopathy, and seems to be 
more or less diffused in all of the world, if we may form any 
opinion from its literature, which comprises medical works in German, 
Italian, English, French, Swedish, Russian, Spapish, Latin, and Portu- 
guese. The system has also adherents in North and South America 


and Asia. The great bulk however of the medical profession are more 


or less opposed to its adoption. This has arisen from the fact, that 
with phy | srwen knowledge of disease and the action of medicines, 
there has been a amongst medical men to discard all general 
theories of the nature of disease and the action of medicines, Although 
it is assumed by writers on homeopathy, that there is an allopathic 
theory, no well-educated medical man would adopt any such theory. 
The of homeopathic writers will stand even should their theory 
be forgotten ; and it is to be regretted that the founder of this system, 
and his followers, have sought to imipress their views rather as mem- 
bers of a sect than as men of science. The opposition which their 
views have experienced has been mainly due to this sectarian tendency, 
The question between homopathists and other members of the 
medical profession, is rather social than scientific, a question rather of 
medical ethics, than of the in tation of facts. 

HOMOGE’NEOUS and HETEROGE’NEOUS, terms applied in 
mathematical language to expressions which have or have not the same 
number of factors of a given sort. Thus, with respect to x and y, 
ax+b«y+c2* is homogeneous, but az*+b y is heterogeneous. 

HOMOLACTIC ACID (C,H,0,). A peculiar organic acid described 
by M., Cloéy as being produced in the manufacture of fulminating 
mercury. It is a colourless syrupy liquid of specific gravity 1-197, 
and is isomeric with glycollic acid. M, Dessaignes regards homolactic 


i acid. 
so OMOLOGURS. [Homotocovs Srrtes.] 


HOMO’/LOGOUS, a term applied in Euclid to those magnitudes 
which are both antecedents in a proportion, or which are both conse- 
quents. But when the four proportional magnitudes are all of one 
kind, the right of alternation empowers us to make and call any two 
terms homologous, of which one is an extreme and the other a mean. 

HOMOLOGOUS SERIES. When the formule of the individual 
members of certain families of organic compounds are compared, it is 
found that these formule bear a very simple relation to each other, 
and that the individual members of each family differ in composition 
by two equivalents of carbon and two of hydrogen, or by some 
niultiple of this number. The family of organic bodies to which 
common alcohol belongs affords an illustration of this 
position, as will be seen from the following table of t! 
these bodies :— 

Methylicaleohol 4 +» «6 « « CgHyQq 
Vinic alcohol (spirit of wine), . « « CyH,Oq 
Propylic alcohol ° é CHO, 


uated com- 
formule of 


. . 


ms 


Butylienleoholh .« + «© + « « CoH 00s 
Amylicaloohol . . 5 «+ + * ©,,H,,0, 
Hexylic alcohol . : . . + « Cy gH, 40, 
Caprylie aloohiol , . ve + C,,H,,0, 
Cetylic chebel se ee W OSH Og 
Cerylic aleobol . e . . . + Cy, Hy ,0, 
Melisicslochols . 5 aie ae CggHg50, 


Such a family of organic bodies is termed a homologous series, and the 
members or terms composing it are said to be homologues, or homo- 
logous with each other. Whenever the formule of two 
bodies in a homologous series djffer from each other by a multiple of 
C,H,, a number of intermediate bodies, sufficient to fill up the i 
step or steps in thegraduation, must exist, and their subsequent discovery 
ae ee ee Thus for many years the vinic and 
amylic alcohols in bove table stood next to each other, but the 
existence of the intermediate propylic and butylic alcohols was never 
doubted, although their actual discovery only took place very recently. 
The following are the principal homologous series, or groups of 
series, which will be found described under their respective heads :— 


Alcohols. Hydrides of organic radicals, 
Anhydrides. Ketones. , 
Ethers. Fatty acids, 

Haloid ethers, Organic bases. 

Ethereal salts, Organometallic bodies. 
Organic radicals, Amides, 


HONEY is a fluid or semi-fluid substance, the materials of which 
are collected by different kinds of bees, in Europe chiefly by the apis 
mellifica, or hive-bee, and solely by the neuter or working bees, from 
the nectariferous glands in the cup or chalice of flowers. It cannot be 
said to be a purely vegetable seekiciite, for after being collected by 
the proboscis of the insect it is transmitted to that distension of the 
30) termed the crop, sucking-stomach, or honey-bag, where it 
is elaborated, and again disgorged, to be deposited in the cell of the 
honey-comb. It undergoes less change when the bees are vegy young, 
remaining nearly white, and is then denominated virgin honey. At 
all times it retains qualities derived from the kind of plant whence it 
has been procured, as is manifest not only by the odour of the 
honey, but by the effects which follow the use of honey obtained from 
certain plants, such as the Azalea, rhododendron, ia, &c., which 
yield a honey frequently poisonous, while that from the genus Hrica 
(termed heather-honey), and most dabiate plants, is wholesome. The 
soldiers of Xenophon, during the retreat of the Ten Thousand, suffered 
severely from partaking of honey collected by bees from the Azalea 
pontica near Trebizond. 

The honey of the common bee is at first generally white, inclining 
to yellow, but by age it becomes of a deeper colour and greater con- 
sistence, and of a more acrid taste. The honey of Surinam and 
Cayenne, collected by the apis amalthea, is red. The apis unicolor of 
Madagascar produces a greenish honey collected from the Mimosa 
heterophylla and Weinmannia glabra, of the most exquisite flavour. 
Honey is of different degrees of consistence: that of Mahon, of Hy- 
mettus, and of the Bermudas, is liquid; that of England is more or 
leas disposed to become nearly solid. 

Honey is sweet, faintly aromatic, granular, soluble in water, and 
capable of undergoing the vinous fermentation, and so yielding an 
intoxicating drink called hydromel, metheglin, or mead. ‘oney con- 
sists of an uncrystallisable portion, and a portion which in 
very white grains. The former is soluble in alcohol, the latter not, 
and is regarded as a sort of Mannite, or manna sugar, which, by the 
action of nitric acid, can be converted into oxalic acid, like the sugar 
of the sugar-cane. When old it probably contains some free acid. 
Honey is sometimes adulterated with flour, from which and other 
impurities it may be freed by diffusing it through cold water, or 

striking the blue colour, indicative of starch, on adding iodine. 

oney is certainly nutritive, but it cannot be employed to any great 
extent, since, if taken in considerable quantity, it excites the action of 
the bowels, and is gently ompairg Its spas iem this end will be 
greater in proportion to its and acridity, and less or scarcely appre- 
viable if largely diluted mc frog Tn this last state it . rather 
demulcent, emollient, and refrigerant, and hence forms a good drink 
in fever and other inflammatory complaints, but it should not be taken 
if there be much gastric or i inal irritation. It is used likewise in 
catarrhs, and when drunk warm is considered to be expectorant. Alo’ 
with Meow ck ofices) lane onde slight cases of sore throat, ant 
combined with borax a most efficacious application in aphthw of the 
mouth and throat. Owing to idiosyn some individuals, honey 
causes great uneasiness, or even severe suffering, but it is most likel 
that such cases originate in the kind of plant which the honey 
collected, or in the measures used to destroy the bees. Smoking them 
with sulphur must be hurtful, from forming sulphurous acid gas, 
which may be absorbed by the honey. Humanity as well as economy 
demands that other means should be employed to procure the honey 
without sacrificing the life of the industrious insects which collect it. 
The fungus known as puff-ball, or segfe pam Bouesta, when smoked 
under the hive, stupefies the bees, as chloroform does men, so that the 
honey can be removed while they are insensible. 

HONEY-TEA is nowise related to the foregoing, At the Cape of 


4 first represen 
the single universal joint in which a and B are the shafts which 
the rotation is transmitted : oD, BP, is a cross the ends of which turn 
freely in bushes formed in the extremities of two diameters of semi- 


con- 
as to 
ts 


B will evidently revolve qlso. If however the angle under the directions 
of the shafts be less than 140°, the motion will not be transmitted. — 
In such case the double universal joint represented in the second figure 
must be used: this has two crosses, the extremities of which move on 
pivots like the former. These joints may be formed with a 
solid ball instead of a cross, in which case four pins project 
equidistant points, so as to divide the circle in four eq! 
the pins play in the bushes of the semicircles as in those of 
universal joint is much used in adjusting the position 
whens Bie ee ee Sa See eee te 
a position inaccessible while the eye is being directed through 
re 2g This joint is also used in cotton and other mills where shafts 
distance from the prime mover, and it is an 
advantage to divide the shaft into convenient lengths, with a joint of 
this kind ing them. The Comat ae of Hooke's joint may be 
studied in the limbs of crustaceous and insects, , 
HOOPING-COUGH, or WHOOPING-COUGH. This disease, to 
cough that attends it, the 


are carried to a 


Greeks, Romans, or Arabians; but during 
prevailed in the various countries of Europe, and, from the frequency 
of its occurrence and the serious consequences of which it is sometimes 
productive, has much occupied the attention of physicians, 
It commences with the symptoms of simple catarrh, and is 
by cough and the expectoration of a clear limpid fluid, by 
the conjunctive, a watery discharge from the eyes and nostrils, 
ness, and occasional sneezing, These symptoms are attended by 
of fever, which in general however is very slight ; the 
is id and out of spirits, but is free from pain, or com 
of soreness in the anterior part of the chest. 
ee ints io the aoe eg ee 
already some peculiarity in the cough, which occurs more in 
orn datsten tah, Yo the latter malady. At the end of a 
ing from one to two weeks the affection assumes a somewhat 
different character ; the fits of coughing ore 
Fe vie ; each fit is commonly ion of ! 
in the larynx and trachea, duri 
and incomplete, especially in chi 
time ive of fear and anxiety. At the moment the fit comes on 
they cling with firmness to the persons or objects around them; if 
asleep at the time of its accession, the . 


themselves in a sitting posture. The 

peated in such quick succession as to suspend 

act of breathing: during their brief intervals we can wi oe con 

pve any inspiratory movements, excepting at times when the co 
momentarily peck get a prolonged inspiration attended 3 a 

peculiar whooping noise, w! has supplied a name for the 

and which constitutes its characteristic sy Tn consequence of 

the obstruction to the circulation ed by these lo: 

efforts of coughing, the face and neck become swelled, and of a: 
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red or violet colour; the veins on these parts are distended almost to 
ing; the eyes are inent and bathed in tears ; occasionally the 
ient becomes completely exhausted; the fit of coughing is inter- 
for one or more minutes ; it then recurs with the same violence, 
and the patient seems in imminent danger of suffocation, when the 
paroxysm is terminated by one or two long and whooping inspirations, 
and by the rejection of a limpid viscid fluid, which hangs in threads 
from the mouth, and to facilitate the discharge of which the patient 
inclines his body forwards. This fluid comes from the bronchi and 
pharynx, and sometimes also from the stomach; it is often mixed 
with portions of food which are rejected at the same time, and occa- 
jionally with particles of blood. . 
These paroxysms or fits of coughing continue for many minutes, and 
when they are very severe blood frequently issues from the nose, 
ears, or even from the eye-lids ; they recur at various and often 
very short intervals, generally however more frequently and with 
greater ity by night than by day, and they are excited by the 
slightest causes, as by food or exercise, by any agitation or mental 
When the affection exists in a state of simplicity it is 
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returns to it when the paroxysm is over; and during the intervals of 
these paroxysms often shows no other indications of disease than are 
furnished by the puffiness of the face and the redness and tumidity of 
lips, which the interruption of the circulation during the violent 
and long continued efforts of coughing has occasioned. 

In the intervals of the fits the chest sounds well on percussion, and 
on auscultation the ra pa Magara is heard pure, or mixed only 
with a little mucous on posterior part of the chest, as in com- 
mon catarrh. During the paroxysm breathing is almost completely 
suspended, and no respiratory murmur is audible except in the very 
short intervals which exist between the bas pene efforts 4: coughing ; 
the longed and noisy inspiration which constitutes the ogno- 
Ta Cheech ot Gotehig tonghs asonie tote limited pag! ayers 
and trachea, and gives rise to no respiratory murmur audible on auscul- 


tation of the chest. 

It is chiefly during this stage that hooping-cough becomes com- 
with other diseases affecting the head or chest, on which its 
mainly depends. In children at the breast the most common 
complication is cerebral congestion, giving rise to convulsions; in 
more advanced in life the viscera of the chest become more 
implicated, and it is to inflammation of the lungs and pleura 

that it occurs, is generally attributable. 
After the affection has ted the characters which we have 
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vomiting and in the discharge of sputa, which now resemble those of 
catarrh. The paroxysms become more and more rare, in some cases 
recur at regular intervals, and finally cease, but for some time after- 
wards they are easily renewed by any yg mapeios a to cold. 

The specific nature of the cough, and the i ciency of the morbid 
onan noticed on dissection to account for the phenomena of hooping- 
cough, have led pathologists to seek for their interpretation in the 
condition of the pneum ic nerves, but hitherto without success. 
M. Breschet indeed has in two cases remarked in these a redness 


ery 
London from 1849 to 1859 was 2190. . ¢ 
No method of ——— has op been pn by which the 
of hoopi can arrested, e may mitigate its 
ipaisy and ccenewhiad tizoliih its duration, but it run ee certain 
course, and this course, in spite of all our efforts, will often be long. 
During the early stage of the disease the administration of emetics has 
appeared to be beneficial; in children they may be repeated every day, 
or every other day, for one or two weeks. Tartar emetic, on account 
of its solubility and the certainty of its operation, is the medicine best 
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t a more advansed period of the disease great benefit is derived 
from the employment of narcotic and sedative medicines, Of these 
there is a great variety, each of which has had its advocates, We may 
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particularly mention opium, hydrocyanic acid, belladonna, and Indian 
hemp ; but on account of the powerful influence of these drugs on the 
system, the greatest caution should be observed in their administration 
to children. In some cases the administration of alum is particularly 
beneficial. : 

When the are regularly intermittent, we may prescribe 
sulphate of quinine in the same doses, and almost with the same 
certainty of success, as in ague. 

In protracted cases nothing is so efficacious in putting a stop to the 
cough as change of air, which often succeeds after all other means have 
been tried in vain. 

At the commencement of the disease, and as long as any febrile 
‘symptoms continue, the diet should be of the mildest description ; 
afterwards a more tonic and nourishing regimen may be allowed, not 
only with safety, but with advantage. 

Cerebral congestions and inflammations of the lungs and pleure, 
when they occur during the course of hooping-cough, must be treated 
in the same manner as when existing under ordinary circumstances. 

HOPFNER’S BLUE. [CoLourtme Marrers.] 

HOPS (Humulus lupulus of Linneeus) are extensively cultivated for 
the flowers or seed-vessels, which give flavour and permanence to beer, 
by being boiled with the wort ing brewing. They impart a pleasant 
bitter and aromatic flavour, and oe the too rapid progress of 
fermentation. Beer which is well hopped will keep long and become 
very fine, without any of those artificial means of fining which make 
the common brewers’ beer so much inferior in quality to that which is 
home-brewed. 

Hops were introduced into England from Flanders about the year 
1524. The most extensive plantations are in Kent, Sussex, and Here- 
fordshire; but they are also cultivated in Worcestershire, Essex, 
Wiltshire, Hampshire, Gloucestershire, Surrey, and several other 
counties. 

The hop is a slender climbing plant, which requires a very rich 
mellow soil and careful cultivation. It is very tender, and the produce 
is precarious, sometimes giving a great profit to the grower, and at 
other times failing altogether. The greatest quantity of hops is raised 
in Kent, but the finest quality in the neighbourhood of Farnbam in 
Surrey. The soil of a hop-garden must be rich to a considerable depth, 
or made so artificially. The subsoil must be dry and sound ; a porous 
rocky subsoil, covered with two or three feet of good vegetable mould, 
is the best for hops. The exposure should be towards the south, on 
the slope of a hill, or in a well-sheltered valley. Old rich pastures 
make the best hop-gardens. They should be dug two or more spits 
deep, and the sods buried at the bottom, where they will graduall 
decay and afford nourishment to the slender roots of the plants whic! 
strike deep. A very large quantity of the richest rotten dung, at least 
100 cubic yards per acre, should be well incorporated with the soil by 
repeated ploughings, till it is entirely decomposed and produces that 
dark tint which is the sure sign of an abundance of humus. The 
ground should be prepared by laying it up with the spade in high 
ridges before winter, to expose it as much as possible to the mellowing 
influence of the frost, <A succession of green crops, such as rye cut 
green or fed off with sheep, early turnips fed off in autumn, or spring 
tares, are an excellent preparation, by cleaning the land. It is better 
to be two or even three years in preparing the ground and getting it 
perfectly clean, than to plant the hops in a foul or unprepared soil. 

The young plants are raised in beds, and may be raised from seed ; 
but it is more usual to plant the young shoots which rise from the 
bottom of the stems of did plants. They are laid down in the earth 
till they strike, when they are cut off and planted in the nursery-bed, 
Care must be taken to have only one sort of hops in a plantation, that 
they may all ripen at the same time; but where there are very ex- 
tensive hop-grounds it may be advan’ us to have an earlier and a 
later sort in different divisions, so that they may be picked in succes- 
sion. The varieties most esteemed are the Grape Hop, the White 
Vine, and the Golden Hop. The ground having been prepared for 
planting, it is divided by parallel lines, six or more feet apart, and 
short sticks are inserted in the ground along these lines at six feet 
distance from each other, so as to alternate in the rows, as is frequently 
done with cabbage-plants in gardens. At each stick a hole is dug two 
feet square and two feet deep, which is filled lightly with the earth 
dug out, together with a compost prepared with dung, lime, and earth, 
well mixed by repeated turning. Fresh dung should never be applied 
to h Three plants are placed in the middle of this hole six inches 
ptr “a forming an equilateral triangle. A watering with liquid 
manure tly assists their taking root, and they soon begin to show 
bines. stick three or four feet long is then stuck in the middle of 
the three plants, and the bines are tied to these with twine or the 
shreds of Russia mats, till they lay hold and twine round them. 
During their growth the ground is well hoed and forked up around 
the roots, and some of the fine mould is thrown around the stems. In 
favourable seasons a few hops may be picked from these young plants 
in the autumn, but in general there is nothing the first year. i 
in November the ground is carefully dug with the spade, and the 
being turned towards the plants, is eft so all winter. 

In the second year, early in spring, the hillocks around the plants 
are opened, and the roots examined. The last year's shoots are cut off 
within an inch of the main stem, and all the suckers quite close to it. 
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then firmly stuck in the ground near the plants 
led and tied as they sh i 
accident the bine eaves the 


male plants were al 
uring, and es, which were performed the preceding | pounds, Besides the greater quantity of hops thus o the 
mance ano A peel Particular attention is paid te proportion | aroma is much Oe el tis ctsmmatla af the Witter ‘a sanoh Ga 
the length of the poles to the probable strength of the bines; for if | After the when the males have elaborated the pollen, and the 
the pole be too long, it draws up the bine, and makes it bear less; if it meh te the fesasien begue. So, eeleaees oe sees sy Se Se ee 


be too short, the 2 pric ven Sl, wag: ona the er aad 
cause confusion in the picking. In September, the flower containi owing r 
the seed will be of a fine straw colour, turning to a brown; it is then ‘loth made from the hop-bine, (Lance's ‘Golden Farmer,’ London, 
in perfection. When it is over ripe, it acquires a darker tint. No | 1831.) : 
time is now lost, and as many hands are procured as can be set a-pick- | The poles are ; 

ing; great numbers of men and women go out of the towns in the | durable, and also the dearest. should be put into ashed during 
opping season, and earn good wages in the hop plantations. During | the winter; where this cannot be on end z 
the picking they sleep in barns and outhouses. In the picking, the | form of a cone, leaning against each other. the top of these cones 
poles are taken down, and the stems, cut 3 feet from the ground; if | had a cap of thatch, it would greatly protect them from the weather; __ 
they were cut shorter it would weaken the root, by causing it to bleed. | and it has been recommended to soak them in a solution of corrosive 


The poles are laid sloping over a frame of strong wood 9 feet long and | sublimate, to Kyan’s patent. ; 
4 feet wide, Lege ort oe thon ent mig hag Lappe By heron A | Besides the use of hops in brewing, produce a bitter infusion 
of coarse cloth is fixed to this frame by hooks, so as to form g | and a tincture which are valuable in for complaints in the 


, which does not reach the ground. Three men or women, or four | stomach, ~ ‘. 
boys or girls, are placed on eacli side of the bin, and pick the hops| HORARY (Astronomy). The horary motion of the sun or a planet 
from two poles at a time. Where they are very careful of the quality | is the are which it describes in one hour, or the angle which that aro 
of the hops, as at Farnham, they divide-them into three sorts: the | subtends at the eye of the spectator, : J 

which are not quite om 3; the light yellow-brown, which are in HORDEIN. su ; 
perfection ; and the very dark, which are past their prime. Some go | been proved to be merely a mixture of starch cellulose with a 
even further, and make several qualities according te colour and | nitrogenous body. 
fragrance : for this purpose there are several baskets, The dew should| HORDEUM DISTICHON (Linn.), Medical Wy bali det 
be off entirely before they begin ; for otherwise the hops might become | common summer barley is the kind direc the to 
musty, or take too long drying, and lose their rance, The hops’ be used, but any of the finer sorts can be employed, Neer ee 
when picked are dried on a hair cloth ina kin. When they appear | either simple or compound: the former is merely a of the 


sufficient}, at bottum they are turned; it is however;/thought by | pri of the barley in boiling water; the latter has liquorice-root, 
gome rod that the eprny the hops ia apt to injure them, ue raisins aide Both forms are demuleent be somewhat 
and that it is best not to do so; but in order that the upper part may | nutritious, and are useful in the treatment of mild cases of catarrh, 


be dried equally with the lower, a wooden cover lined with tin plates | or when acrid purgatives are taken, or when poisons have been swal- 
is laid down over the hops on the hair-cloth, to within a few inches of | lowed. Barley is however an article of common consumption, either 
the surface ; this reverberates the heat, and the whole is dried equally, | as an ingredient in soup or broth, particularly in Scotch broth, or as 
The heat must be carefully regulated, in order that it may not alter | bread. It differs in some respect from wheat, in possessing less. pro- 
the colour. When the leaves of the hops become brittle and rub off | teinaceous matter, and in ha considerable bitterness in the husk, 
easily, they are sufficiently dried, They are then laid in heaps on the Farther, its starch is less soluble in water, and bread made of it is 
floor, where they undergo a very slight heating. As soon as this is | more difficult of digestion, It has, however, the advantage of 
observed, they are bagged. This is done through a round hole 25 or 80 | slightly laxative, and when it can be Speed 6 3 Fee ae 
inches in diameter, made in the floor of the loft where the hops are | of diet for persons subject to habitual constipati ith a view to 
laid. Under this hole is a bag, the mouth of which is drawn through | keep the bowels regular in infants, it sometimes forms as large as a 
the hole, and kept open by a hoop to which it is made fast. The hoop | fourth part of some of the prepared infants’ food, : 
is somewhat larger than the hole, and the remains suspended; a | HORIZON (épi¢wv, bounding). The physical horizon is the apparent 
handful of hops is now put into each corner of the bag, and there tied | circle by which the spectator’s view is bounded when he is a level 
firmly by a cord. A bushel or two of hops are put into the bag, and a from 
man gets into it to tread the hops tight. The bag does not reach the 
floor below. As the hops are packed by the feet, more are continually 
added till the bag is full. It is now taken off the hoop, and filled up 
with the hands as tight as possible. The corners are stuffed as soon as 
the mouth is partly sewn up, and tied as the lower corners were; when 
sewed close and tight, it is stored in a dry place till the hops are 
wanted for sale. 
The crop of the third year will a 8 cwt. per acre. In some 
very extraordi seasons, on 008 eae 15 ewt. have been picked 
acre: in Flanders, where they manure with urine and the empty- 
of privies, this is not an uncommon produce, 
cakes, malt dist, and woollen rags are used with good success 
in hop- ; bones have been tried, but with an uncertain result, 
The is a dimcious plant, that is, some of the individuals are male 
plants, and others female, which have respectively flowers of a different 
construction and of different habitudes. Occasionally monoecious ts 
are met with, but these few are insufficient to fertilise all the female 
plants. The hops collected from bines in the neighbourhood of male 
plants are much larger, richer in aromatio and bitter principles, and a 
smaller proportion of such hops suffice to hop a given quantity of 
malt. The male or staminiferous flowers, wl grow on stulks quite 
distinct from the female flowers, prepare the pollen, or fertilising dust, 
and afterwards wither away, when this dust has escaped from the 
anthers, and been committed to the air, to be by it conveyed to the 
female flowers. The female flowers are in the form of strobuli, or 
cones, consisting of scales, which have at their base the germ of the 
future seed, and which have the habit of enlarging, as the scales of the | - ‘ . 
fir-cones do, more particularly after the fertilisation of the ovule, or | the astronomical horizon in two points: firstly, because the a 
af 
Spec: 
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future seed, by a quantity of the pollen falling upon it, Though the | horizon dips, as it is called, or is not at the same level as the han 
pollen, from its extreme lightness, can be wafted to a considerable | secondly, because the astronomical horizon always supposes 
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tator to be at the centre of the earth, and not at the surface. If a 
represent a standing upright, and o the centre of the earth, 
then, if the ¥AX revolve round the axis BC, the physical boun- 

is the circle described by 1, or TU Vv, and the astronomical horizon 
is the plane traced out by cx (indefinitely extended) drawn el to 
BD, or i to cB; and the DBT is called the dip sane 

t, 


wy erage horizon os tre tr ope bavathea 

speaking, it is the physi orizon whic 
Head Sede bn, the fotatce ot the fixed stars is so great, that the mag- 
nitude of the whole earth is but as a point, and the planes traced out 
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an horizon, the surface of a fluid (generally mercury) is used, 
an artificial horizon; but might more iy be termed 
portion of a horizontal plane. A very slight knowledge of 
LEXION] will show that the angle subtended at the eye by 
its image in a fluid is double of the star’s altitude: this 
, being measured and halved, the altitude of the star is 


, & musical wind instrument, which in its itive state 

formed of the horn of an animal, or simply a shell) has been 

wang rg Of the horns now in use, three are cor- 

denominated, French horn, the bugle-horn, and the Russian 

made of brass. The basset horn (corno bassetto), and 

English horn yr Inglese), formed Re and partaking in 
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breat 
instrument. As a simple tube, the 
of acousti¢s [Acoustics], yields only the 
and its aliquot parts, or harmonics, and, of 
to one key, but for the contrivances just 
of the instrument is adjusted to the 
ier ss i This consists in crooks and shanks, or shifting pieces, 
as wanted to the upper end of the tube ; and thus the horn may 
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luction of the Various sounds de: i m the lips of the 7 
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be em in all keys. 
for the horn is always written in the key of ¢, an octave 
higher than played, and in the treble clef; and the key in which the 
instrument is to. be tuned is indloated the composer. Thus, if the 
So toeceae © nee 8? are prefixed to the horn part. 
a8 Written : 
ak \ 
Hom nnn QRS eo 
The notes actually played are— 
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The natural scale of the Horn is that of the trumpet, but an octave 
‘lower. It is written as follows :— 
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But the following are the sounds really produced :— 


By introducing the hand into the bell of the horn, a tolerably good 


semitonie scale can be produced ; and by the addition of two valves to 
the instrument, the performer can command a still more perfect scale 
of semitones. > F 

The bugle-horn is a tube of three feet ten inches in length, doubled 
up inasmall compass. The keyed bugle, or a bugle-horn with keys, is 
that now in common use, the scale of which is as follows :— 
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The Russian horn is an unbent brass tube, conical in shape, of various 
dimensions: the deepest toned is eight feet long and nine inches in 
diameter at the wide end, and the highest is two inches and a half in 
length, by one at the wide.end. The former gives a, an octave below 
the first space in the bass; the latter gives z, the third additional line 
above the treble ; or— 


Some of these horns, though not all, have keys, producing one or 
two semitones; but generally every note has its separate horn, and a 
band of Russian horns counts almost as many individuals as diatonic 
notes in a scale of between four and five octaves. 

Basset-horn, or corno bassetto. [Bassrt-Horn.] 

The English horn, or corno’ Inglese, is a deeper-toned oboe, but of 
rather larger dimensions, somewhat bent, the lower end very open, and 
is to the oboe what the basset-horn is to the clarionet, or what the 
viola is to the violin. The tone of this instrument is extremely 
come. and by the Italians is thought so much to resemble the 

uman voice, that they sometimes call it the voce umana. The scale 


of the corno Inglese ey which name it is most commonly known by 
musicians) is from A below the treble staff to B? above, or— 
te. 
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including all the semitones, except the lowest a ¥. 

Of late years M, Adolphe Sax, of Paris, has excited much attention 
for his Saa-horns and trumpets, which have had considerable 
influence on military music, It is stated in the Jury Report (class x a), 
that “his Sax-horns (double bass in & flat, and B flat) have left ophi- 
cleides very far in arrear; and his small treble Sax-horn in B flat is the 
only brass instrument known that can reach with certainty and just 
intonation the notes of the upper octave of the flute. His cornets-h- 
pistons are the best we are acquainted with. M. Sax has also created 
the class of Saxophones, brass instruments with a simple reed, similar 
to the clarionet. The effect of these new instruments possesses a 
charm equal to the originality of their tone, and they carry to the 
highest degree of perfection ‘ la voix expressive de Vorchestre”” Favour- 
able mention is also made of his bass and double bass clarionets, in 
wood and metal. He has likewise filled up the gap in the tenor 
trombone, between the lower £ and the lowests flat; and his brass 
bassoon is very perfect. He has also contrived a means of continui 
the sound in brass instruments from one note to another through afl 
the enharmonic intervals; and he has invented a means of changi 
by means of portable tubes, the monotonous character of the simp! 
bugle, and giving it the power of ‘producing all the intervals of the 
musical scale. 

HORN MANUFACTURES. It is customary in England to use 
the same word to denote two quite different substances; namely, the 
branched bony horns of the stag genus; and the simple laminated 
horns of the oxgenus and other kindred genera. The purposes to which 
the first of these kinds is applied are the same as those of bone and 
ivory, and the manufacture nts the same similarity. The other 
kind of horn, to which the French appropriate the name corne (while 
they apply the name bois to bony horns), is found in the ox, the 
antelope, and the goat and sheep. The structure of such horns may 
be described as a number of conical sheaths inserted one into another, 
the innermost lying upon the vascular membrane which covers 
the bony core, e tip, or that portion of the point of the horn 
which projects beyond the core, is very dense, and the several layers 
of which it is composed are scarcely distinguishable; while towards the 
base the layers may be readily distinguished, owing to their successive 
terminations forming prominent rings. Horn appears to consist of 
coagulated albumen ; and there is a graduated connection between the 
substance of horns, nails, claws, hoofs, scales, hair, feathers, and even 


in. 

The principal kinds of horn employed in manufacturing operations 
are those of oxen, to which the hoofs of the same animals may be added. 
The horns of bulls and cows are preferred, those of bullocks being thin 
and of a coarse texture. The horns of goats and sheep are preferred, 
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as being whiter and more mt than those of any other animals. 
The first process in the manufacture of horn is to remove the bony 
core or pith, which is accomplished by steeping the horns in water for 
a month or more; by this operation the membrane which lies between 
the core and the horny sheath is so softened by putrefaction that the 
cores may be easily extracted. These are not thrown away, but are 
burnt to ashes, in which state they form the best material for the 
small tests or cupels employed by assayers of gold and silver. In some 
cases, instead of being thus used, the cores are boiled down in water, 
by which a quantity of fat is extracted, which, rising to the surface, is 
skimmed off and sold to the makers of yellow sop while the liquid itself 
is used asa kind of glue, and is purchased by cloth-dressers for stiffening ; 
and the remaining insoluble substance is crushed in a bone-mill for 
manure. The solid tip of the horn is sawn off with a frame-saw, and 
is employed for making knife-handles, umbrella-handles, the tops of 
whips, buttons, and various other articles. The remainder of the horn, 
em floyed for purposes for which thin lamin are required, may either 
be left entire, or sawn into two or more lengths, according to the use 
to which it is to be applied. When divided, the lower part, or that 
next the root of the horn, is frequently employed for making combs, 
while the portion which has formed the middle of the horn is used for 
lanterns and similar purposes. To prepare the horn for use, it is 
immersed in boiling water for about half an hour, by which it is 
softened; and, while hot from this operation, it is usually held in the 
flame of a coal or wood fire, until it acquires about the temperature of 
melting lead, and becomes so soft as to be semi-fluid. If the horn be 
from an old animal, care is taken to expose the inside as well as the 
outside to the action of the flame. Sometimes the softening is effected 
by pressure between two heated surfaces of iron. The slitting of the 
horn is performed while it is in the semi-fluid state, by a strong 
pointed knife resembling a pruning-knife ; and, by the application of 
two pairs of pincers, one to each edge of the slit, the cylinder or cone 
of horn is opened until it is nearly flat. Several pieces are then 
exposed to pressure between alternate plates of iron, previously beated 
and greased, either in a press, or by placing them vertically in a strong 
iron trough, and compressing them by means of wi The degree 
of pressure applied depends on the proposed use of the horn; if it be 
intended to form very thin leaves for making lanterns, the pressure 
should be sufficiently strong to break the grain, or cause the laminz of 
the horn to separate a little, so that the edge of a round-pointed knife 
may be inserted between them to complete the splitting or separation. 
The thin sheets of horn are then scraped with a blunt or wire-edged 
draw-knife, upon a board covered with bull’s hide; and when thus 
smoothed and brought to the required thickness, they are polished by 
a woollen rag dipped in charcoal dust, a little water Laing added from 
time to time. They are afterwards rubbed with rotten-stone, and 
finally with horn shavings, The painted toys known under the name 
of Chinese sensitive leaves, which possess the curious property of 
curling up as if they were alive when laid upon a warm hand or near 
a fire, are made of the best of the thin films ‘removed by the draw- 
knife. When the horn is to be converted into combs, the pressure 
applied in flattening must be as slight as possible: lest, by the breaking 
of the grain, the teeth of the comb become liable to split at the points. 
If a comb or any other article be required of greater size than can be 
made out of a single plate of horn, two or more may be united by the 
dexterous application of a degree of heat sufficient to melt but not to 
decompose the horn, assisted by pressure. When this is well managed, 
the junction cannot be perceived. The Chinese are skilful in this kind 
of work, as may be seen in the large globular lantern in the museum at 
the East India House, about four feet in diameter, composed entirely of 
small plates of coloured and painted horn. 

Horns for combs are roughly cut by a hatchet or saw to the required 
shape, and then finished by rasps and scrapers. If required to be of a 
curved shape, they are first made flat, and after the teeth are cut they are 
softened in boiling water, and pressed until cold in a die of hard wood. 
Horn combs ornamented with openwork are extensively imported from 
France, where they are produced by pressure in steel dies. Horn 
shavings, when heated to a soft state, may easily be pressed into the 
form of combs, snuff-boxes, and other articles, The mode of cutting 
the teeth of combs is described under Comp MANUFACTURE. 

Drinking-horns are now made by sawing the horn to the required 
length, scalding and roasting it over the fire, placing it while hot in a 
conical wooden mould, and driving a wooden plug firmly into the 
interior, to bring it into accurate shape, When cold and hard, it is 
fixed on a lathe, and turned and polished both inside and outside; and 
a groove or chime is cut with a gage-tool within the smaller end, for 
receiving the bottom. The horn is then softened before a fire, and the 
bottom, which is a round flat piece of horn cut out of a plate with a 
crown-saw, is dropped in at the larger end, and forced down until it 
reaches the chime. By the subsequent contraction of the horn in 
cooling, the bottom is so firmly fixed as to be perfectly water-tight. 

In the manufacture of all articles made of fragments of horn com- 
pressed into a solid mass, great care is necessary to avoid the presence 

grease, which would prevent perfect union. The masses of horn 
should be moved with wooden instruments while at the fire, and in 
ing them to the moulds, Bell-pulls, the handles of table-knives 

and forks, knobs for drawers, and many other useful articles, are thus 
formed : care being taken, whenever the article is put into the mould in 


two or more picces, to fit them together so that they may dovetail 
“Tiaist oually dyed Givens ecliaastia thle Gacoiey a 

orn is easily dyed o' ous colours. In country it 
coloured of a rich reddish brown, and spotted to itnitate sortoineabell 
this is effected by a mixture of pearl-ash, ime, and li or 
red lead, with water and a little pounded n’s blood, applied hot 
to the parts of the horn which it is desired to colour. For a deeper 
colour the mixture may be applied twice ; and for a blacker brown the 
cnee blood may be omit 

o part of the refuse of the horn manufacture is without its value. 
When exposed to a decomposing heat in close vessels, horn produces a 
large quantity of the gaseous compound which forms the base of 
prussic acid; on which account hoofs and horn cw are in grea 
request among the manufacturers of Prussian blue, and of the beau’ 
yellow prussiate of potash, The clippings of the comb-maker are also 
used as manure. In the first year 
they have comparatively little effect ; but during the next four or five 
their efficiency is considerable. The shavings of the lantern-maker, 


from their extremely thin and divided form, produce their full effect: 


on the first crop. 


Two recent improvements in the horn manufacture may be briefly — 


noticed. One, introduced by M. Possoz, of Ixelles,in Belgium, con- 
sists in so heating, pressing, and rolling the horn, that the 
becomes straightened, the fibres lengthened and com and the 
substance rendered so elastic and solid as to be fit for making into the 
ribs of umbrellas. Another, by Mr. Macpherson of Sheffield, relates 
to the manufacture of articles of furniture out of small waste fragments 
of horn and hoof. He cleanses the fragments wtp, pa and dirt, 
soaks them in boiling water containing a little lime potahy, Uciege 
them into a cohesive mass by pressure between iron dies or : 
heated to 300° Fahr., and finally gives shape to them by pressure in 
moulds speci y Pre The finer the fragments, the better the 
result ; if there be differences in quality, the best is kept at the surface. 
Varied effects may be produced by cementing different colours and 
kinds together ; and inlays of mother-of-pearl or of metal be used, 
Horn dust is better than any fragments ; and one potiad oF eee ’ 
yield twenty-two cubic inches of such dust. The substance 
is well suited for table-tops, panels, work-boxes, ing-cases, door 
knobs, &. Hoof works up nearly as well as horn, and much 
like tortoiseshell, A table-top has been produced, of twelve square 
feet, and three-quarters of an inch thick, with forty pounds of horn. 
The solid tips of horns are worth 301. a ton, but waste horn can be 


bought for a quarter of this price ; and this relative cheapness appears _ 


to have suggested the mode of manufacture here described. : 
The manufacture of a kind of artificial horn has been established in 
France. Itconsists of gelatine, usually obtained from bones by treating 
them with muriatic acid, converted into a horny substance by wee 
Upon becoming hard and dry it resembles horn or tortoiseshell, 
in appearance and in the facility with which it may be softened, by 
boiling in water with potash, and moulded to any required form. By 
inlaying with gold and silver, and staining with various colours, it may 
be rendered highly ornamental. 


A considerable trade in horn has sprung up. The im) 


exceed 3000 tons per annum, the chief supply being from the East — 


Indies. The importations in one year into Livy: 1 comprised 
280 tons of deer horns, 200 of buffalo horns, 120 of buffalo tips, and 700 
tons of ox and cow horns. Including the produce of home animals, the 


quantity of horns worked up is supposed to be not less than 6400 tons, 
worth 180,000/. The comb manufacturers alone consume 1300tons, which 
produce 320,000/. worth of combs. Sheffield requires nearly 300,000 
deer horns annually to make handles for cutlery. 

HORN-WORKS AND CROWN-WORKS, are fortifications usually 
situated in advance of the principal works of a place. The rampart of 
the front, on the plan, is similar to that which is formed on each side of 
the polygon, supposed to surround a regular fortress; and on each 
flank a line of rampart returning from the nearest extremity of the 
front terminates on the ditch either of a bastion or ravelin on the 
enceinte of the place. The work is generally strengthened by a ravelin 
placed before the curtain between its two demi-bastions, and by a 
covered-way and glacis beyond the ditch; these return along the 


branch or wing on each side, and join the covered-way and glacis of — 


the collateral bastion or ravelin of the enceinte. 


The invention of horn-works is referred to the commencement of _ 


the 17th century. At first the plan of their rampart had simply the 
form of the letter M, the upper points being directed towards the 
country like horns; from which circumstance the work obtained its 
name. They appear alsé to have been at first formed of earth only, 
for the purpose of strengthening a place in daily e: ion of a siege, 
when there were no outworks and when the jans were small and 
very distant from each other. They were then constructed in front 
of the curtains, by the fire from whence the approach of the enemy 
towards their flanks might be op 

But the feeble defence which was made by such works when 
attacked in front, and the advantage of ocew beyond the princi 
fortress some position from whence, during , the enemy L 
be annoyed in forming his approaches, or which, if gained by the latter. 
might enable him to command the town, almost immedi i 
engineers to give to the horn-work the form first described, and to 


after they are spread over the soil, 
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extend it considerably towards the country. Being however regarded 
but as a work of secondary importance in the defence of a place, the 
length of its front was seldom so great as that of the sides of the 
on which the fortifications of the enceinte were constructed, 
generally did not exceed 240 yards; which, since the relief of its 
rampart was necessarily nearly the same as that of the enceinte, scarcely 
wed the ditch before its curtain to be effectively defended. The 
the branches or wings were regulated by the necessity of 
having the ditch and covered-way in front of the salient angles of the 
demi-bastions within the range of a fire of musketry from the collateral 
works towards which the ramparts of the wings were directed; and 
occasionally the latter were broken, on the plan, so as to form short 
flanks from whence a fire might be directed towards the nearest of 
those salient points. . 
That which has been found occasionally useful is too frequently, by 
improper ication, converted into a positive evil; this was the 
case with the works now being described ; and at a very early period 
the multiplicity and sapadinons disposition of them were subjects of 
i i best engineers. It often happened that they 
were constructed at great expense in situations where no end whatever 
was ‘to be gained by them, and so close together that the defenders of 
their branches could not have avoided firing upon one another. 
Soa geloage as the means employed in the attack of places were 
- the earlier fortresses incapable of affording room ee 
e buildings necessary to lodge the troops, and contain in security the 
quantity of artillery and stores which the corresponding augmentation 
of the means of defence demanded; and hence it was sometimes 
necessary to increase the extent of the advanced works about a 
This was done, at first, not by enlarging the dimensions of the 
bastions and curtain at the head of such works, but by making 
that head to consist of two or more fronts of fortification, in which 
case they took the name of double, triple, &c., horn-works, but more 


d 


A 


ed disposition of them and by gi 
those of the general fronts of the place, they became not only 
from the defects to which the old works were subject, but also 
of making a defence equal to that of a regular fortress. 

defects of the old horn-works consist in the expense of the con- 
ing greater than is warranted by the benefit to be derived 
em in the defence; in presenting to the enemy a front which, 
, may be taken more easily than one of the fronts of 
; in the revétment of the latter being liable to be 
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fa folguoent ta thn orks 
a t in 
interior in the 

——— against ag: hac ps of the besieged to impede him by sorties 
ditches 


se] 


W his 


ravelins, but towards the curtains adjacent 
means the ditches of those wings are capable of in Sore by the 
artillery of the curtains, while the revétments of the are covered 
the tenailles so as to render it impossible to breach them near the 
by a fire of artillery directed along those ditches, But his best 
application of a horn-work was made at Belfort, where he. executed 
in advance of the glacis of the place; in consequence of 
the revétment of the enceinte is effectually secured 
ing breached till after the horn-work is taken; while, at the 
the latter, the height of the terreplein above the ground at 
foot of the glacis ensures the work itself from being taken by an 
direction. 
A nearly similar disposition 


E 


by Cormontaingne in 
Beyond the glacis of that 


way Sg ge 
an attack on that side. 


secure the flanks, justly 
being the most complete of its kind in Europe. 


. HORNPIPE, a rustic musical instrument, still, we believe, known 
in Wales, consisting of a wooden tube, with holes, and a reed. At 
each end is a horn; one to collect the wind blown into it by the 
performer, the other to augment the sound. The Hon. Daines Bar- 
rington states, (‘ Archzologia,’ vol. iii., 1770) that “ the tone, considering 
the materials of which the instrument is composed, is really very 
tolerable, and resembles an indifferent hautbois.” In the Welsh lan- 
guage its name is pib-corn, which signifies, literally, pipe-horn. Sir 
John Hawkins quotes Chaucer to show that the hornpipe was a real, 
not an imaginary instrument ; but in the ‘ Tatler,’ No. 157, is a proof 
not only of its reality, but its actual existence so late as 1710. 
Hornpipe is also the name of a dance ; and Barrington is of opinion, 
that the dance-tunes called Hornpipes were originally composed for the 
instrument known by the same name. Hawkins says, that the horn- 
pipe was invented in this country. It appears,—from the ‘ Dancing- 
Master,’ 17th edit. 1721,—to have been in triple time, six crotchets 
in a bar; but the well-known tune, Zhe College Hornpipe, is in duple 


measure. 

HOROLO/GIUM (Constellation), the Clock, a southern constellation 
of Lacaille. Itis cut bya line passing through Canopus to the southern 
part of Eridanus. Its principal stars (of which it is not worth while 
to make a table) are a and B, 34 of Piazzi and 229 of Lacaille, or 1315 
and 956 of the ‘B. A. Cat.,’ both of the fifth magnitude. 

HOROLOGY (from the Greek dpa, time or hour, and Adyos, a dis- 
course), is an explanation of the principles of the measurement of time ; 
but in its modern sense the term is usually applied as descriptive of 
that art which comprehends a knowledge of the action of the various 
machines used for the purpose of measuring time. 

Sun-dials, which show apparent time, and clepsydre, which give a 
rude approximation to mean time, were the earliest machines used in 
the measurement of time. [CLerpsypra; Sunprau.] We shall in this 
article only treat of those pieces of mechanism, used for the measure- 
ment of time, which are kept in motion either by the constant action 
of gravity through the medium of a weight, or by the elastic force 
of a spring, and which have received names varying according to the 
duties they have to perform, Thus, the term timepiece is applied 
to any piece which is intended merely to mark the time without 
striking the hour; a clock is one which, in addition to showing the 
time, strikes every hour, on a bell or spring, a number of strokes 
corresponding to the hour of the day or night indicated by the hands at 
the time; a quarter clock is one which also strikes the quarters as the 
hand successively arrives at them; a watch is a pocket timepiece; 
and a repeater is a watch which by means of any mechanical con- 
trivance can at pleasure be made to repeat the hour, or hour and 


quarters. 

History of Clocks and Watches.—The’ early history of clocks and 
watches is envel: in so much obscurity, that it would be almost 
impossible to point out any individual who could with propriety be 
called the inventor. The term horologiwm was used very early in 
different of Europe ; but this word being formerly applied indis- 
criminately to a sun-dial, as well as a clock, nothing decisive can be 
inferred from its use, Striking clocks were known in Italy as early as 
the latter part of the 13th or beginning of the 14th century. A fine 
imposed on the chief-justice of the King’s Bench in 1288, was applied 
to the purpose of furnishing a clock for the famous clock-house near 
Westminster Hall. In the reign of Henry VI., the king gave the 
keeping of this clock to William Warby, dean of St. Stephen’s, 
together with 6d. per day to be received at the exchequer. St. Mary’s 
at Oxford was furnished with a clock in 1523, out of fines imposed on 
the students of the university, The middle of the 14th century seems 
to be the time which affords the first certain evidence of the existence 
of what would be now called a clock, or regulated horological machine. 
The first clock at Bologna was fixed up in 1356. Henry de Wyck, a 
German artist, placed a clock in the tower of the palace of Charles V. 
about the year 1364, Mention is made in Rymer’s ‘ Foedera,’ of pro- 
tection being given by Edward III. to three Dutch horologers who 
were invited from Delft into England in the year 1368. Conradus 
Dasypodius gives an account of a clock erected at Strasburg about 
1370. According to Froissart, Courtray had a clock about the same 
period, which was taken away by the Duke of Burguhdy in 1382. 
Lehmann informs us that there was a clock at Spire in 1395. Niirnberg 
had a clock in the year 1462; Auxerre had one in 1483, and Venice in 
1497. It appears, from a letter written by Ambrosius Camaldulensis 
(lib, xv. epis. 4) to Nicolaus of Florence, that clocks were not very 
uncommon in private families on the Continent about the end of the 
15th century; and there is good reason for supposing that they began 
to become general in England about the same period. The conclusion 
to be drawn from the evidence here adduced is, that a regulated 
horological machine is neither of so ancient a date as some writers 
suppose, nor yet the more recent invention of the last two centuries ; 
and that the inventor is not certainly known. Ferdinand Berthoud 
was of opinion that a clock, such as that of Henry de Wyck, is not 
the invention of one man, but a compound of successive inventions, 
each worthy of a separate contriver. This supposition is confirmed 
by analogy ; for the clocks and watches of the present clay have been 
brought to their present degree of perfection by a series of successive 
inventions and improvements upon what may now be called the rude 
clock of De Wyck, the most ancient clock of which we have a 


715 HOROLOGY. 


HOROLOGY. 


description. De Wyck's clock was regulated a balance in the 
2 is aed be Peri we 5 precy A-B-ror plats 
A 


c n 


two stnall levers F c, called pallets, which A from and form part 
of an upright staff or spindle c p, on w is fixed the balance a B; 
and the mode of adjusting the clock to tithe was by shifting the tio 
weights W W nearer to or farther from the centre. 

Although this clock of De Wyck’s, and indeed all those made with 
& balance for the regulator, without any regulation spring, must have 
been very imperfect machines, we find that so early as 1484 Walther, 
and after him the landgrave of Hesse, nade use of a balance-clock for 
astronomical observations. Such, indeed, seems to have been the com- 
— utility of the clock thus early for astronomical purposes, that 

ma Frisius proposed the tse of a portable one for ascertaining the 
longitude at sea about the year 1530. In 1560 Tycho Brahé Yooper 
four clocks, which indicated hours, minutes, and seconds; the 
had but three wheels, the diameter of one of them being 3 feet, 
and containing 1200 teeth, a proof of the imperfect state of clock- 
work at that period. Tycho also observed ties in his clocks 
dependent upon eng ot in the atmosphere, but does not appear 
to have been aware how they were produced. In 1577 Moestlin 
had a clock whieh made 2528 beats in an hour, and by counting 
the number of beats made during the time of the sun’s passage over 
& mefidian, the sun’s diameter was determined to be 34’ 138”. At 
what time the size of clocks was reduced to a state of portability 
is uncertain, but it must have been prior to 1544; for in that 
the corporation of master clock-makers at Paris obtained from Francis I, 
a statute in their favour, forbidding any one who was not an admitted 
master to make clocks, watches, or alarms, large or small. Before 
portable clocks could be made, the substitution of the main-spring for 
a weight, as the moVing power, must have taken place ; and this may 
be idered a second era in horology, from which may be dated the 
application of the fusee ; for these inventions completely altered the 
form and principles of horological machines. 

Such was the state of clock-work when Galileo observed that heavy 
bodies, suspended by strings of the same length, made their vibrations, 
whether in long or short ares, in very nearly, if not exactly, the same 
spaces of time. Although he never applied the pendulum as a - 
lator to supersede the balance in clocks, yet discovery was the 
ay to a third era in clock-work, pang the origin of the pen- 

ulum clock. The honour of first app e pendulum to a clock 
has been a matter of much contention. Huyghens, whether the invetttor 


or not, undoubtedly applied it in the more masterly and scientific matiner, 
and hente has y been considered the inventor; but it is now 
known that a London artist, named Richard Harris, invented and 
made a loi hegre clock in 1641. Very soon after the application 
of the pet ui to clocks, the idea of Gemma Frisius was attempted 
to be realised by thie ingenious Huyghens in the construction of a marine 
clock. He also discovered that its pendulum vibrated slower as it 
approached the equator, which has led the Way to a subsequent dis- 
covery that the earth is not a globe, but an oblate spheroid. In 
1676, Barlow, a London clockmaker, invented the repeating mechanism 
by which the hour last struck may be known b a string. 
Several artists followed in the same line, parti ly Quare, Julien 
le Roy, Collier, y, and Thiout, Clocks were soon after this 
made u show not only mean but apparent time. “The principal artists 
employed in this more curious than useful part of horo) ae ee Sully, 

er Alexander, Le Bon, Le Roy, Kriegseissen, Enderlin, L’ Admiraud, 
Passement, Rivar, and Graham. The anchor esca; it was the work 
of Clement, at neces eerie se wen in the 
escapement introdu sy ebes of sus e uilum by a 
thin and flexible spring. The seconds’ peadulnan, with i sme 
was called the ulum, 

Another era history of clock-work cominenced with the 
beginning of the 18th century, In 1715 George Graham sought for a 
means of rectifying the errors of the pendulum, caused by the con- 
traction and expansion of metals under changes of temperature; and 
this means he found in the celebrated mercurial pendulum. John 
Harrison improved on Graham's ment of the pendulum; and 
— himself ogee ae a his dead-beat esca, . Aying 

ent on the anchor or t ou use. 
From the of Graham and Harrison pats Fs vatntatn have 
been introduced in 2 Bye of the art. Such of those as are of 


Chronometers—A. chronometer, an eight-day spring clock, a time- 
source 


ffecting this compensation consists 
aL. tated an balance. The 


of power is derived from a coiled spring, and not 
Chrottometers in ! 


the times of winding up; they have, in addition 

and second circles, one on which a hand dehotes the ime int Gigs thas 

Wen toomea crt’, bess toeanéa tee te Each chronometer 

is well secured in a brass box, mounted on Pals, 

machine may preserve oné’uniform position, and is inclosed in a maho- 
case. 


A chronometer has for its moving power a main-spring, the variable 
force of which is equalised or rendered tiniform by the introduction of 
the fusee, a very beautiful contrivance. This fiisee is a variable 
upon which the main-spring acts through the medium of the 
RAR rrp car npe tans MA onthe Mol 

the chain winds upon it, the distance from the centre 
the fusee to the semidiameter of the chain which is in 
continually varies. The variation is in this jon, 
the distance from the centre of motion 6 fusee 
diameter of the chaiti at that point where it leaves the 
barrel, multiplied by the force of the main-spring acting 
at that time vg de ge gneed Wyecre BA nities ton > 
whatever point of the fusee may taken. Thus,at any given . 
from the centre of motion of the fusee, its power ae ee * 
is uniformly the same; and as the great or main wheel, < 
nicates motion to all the rest, is attached to the fusee, their centres of F 
motion coinci with each other, it follows that the power at the 
teeth of the wheel is perfectly uniform: this power is trans-— 
mitted through the medium of a train of wheels and pinions till it 
comes to the escapement. a 


A chronometer from a common watch in the and 
in having a compensation for heat and cold. The pele aaa th, 
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expansion 
Fig. 24 
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use, any increase of tem 

balance-spring, Which would cause the machine to lose; but 

degree of heat expands the outer rim of the balance, which 

more than it does the inner one, which is steel. Not being 

separate, a curvature of the Whole arm takes place, which varries the 

Me og be towards the centre, whereby the inertia of the balance 
ut 
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much lessened as to allow the balance-spring to exert the same influence : 
. 

z 


which they move b; change of temperature, and page 
ter the vhrialiohh the inertia of the goes } whence, 


2 2, and so on; and, also, that in 
pot OF oh 
screws © 0 can uce no effect on the compensation, as no motion 
ce ee ee ac ere aaae we 
experiment, that in ev balance-spring of sufficient length, there is a 
Part-of it which will be teodkional, ] 
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being found, it is not desirable to alter it in bringing the machine to | the bell; and as soon as the pin leaves the tail of the hammer, the 
time. To effect an the two screws 0c have been introduced, | foree of the spring u acting on the lower part of the hammer produces 
the drawing out of from the centre causes the machine to lose, 
tie oting = ; 

Many important matters ti chronometers apply in a smaller 
degree to spring clocks and to forbs and will receive notice 


aswe goon. Butit is necessary here to ) say a few words concerning the 


to ‘ee makers of those which showed 
—o was given for any new principle ; 

but the general construction was improved by this competition. The 
relative order of merit was arrived at by taking the number of seconds 


in the ra between one week’s indications and the next, 
and to it twice the greatest difference between one week’s rate 
an ee was the trial number ; and that chronometer 


sum 
gained the prize which exhibited the smallest trial number. The trials 
were wich Observatory, under the Astronomer 
| nn Eso ieee aap edie pelle oag withdrawn; but the 
Noe Ceaserm, Eae Athans ce on the score of reputation and 
advantage. was rendered more severe; for every 
{ee al ty phar pesiepa oh ~ teag L 


ry 
Lad apy gta compen ele jpeneretieth’ a thepr 
li a be to resist 


as 

made to vary uniformly according to mente but will more 
rapidly in cold weather than in hot. tirtmscioralie suskind <4 once 
set about ing a remedy; and this remedy, however produced, is 
called the secon compensation. Loseby, Dent, Eiffe, Molyneux, 
and other makers, have invented highly-curious arrangements of 
spring balance, all of which have been severely tested at Greenwich, 
rewarded by government grants. Loseby’s 
arrangement, which received high commendation from the Astro- 
nomer Royal, may be pe ee Ceneied. Attached to the 
pecaee is i curved tube containing m: 


therefore its chong comeaes 
i on the momentum 


wise to chronometers, but not Mlososibed 4 in the rennin ese 
In Bape a wo ng Prada abery 14 the front plate of 
an vrafis vend spring dk prim is supposed to be transparent), and is 
similar form by five strong pillars between 
which the mini sacl EE are two barrels con- 
one on t gives motion to the train of 
wheels pos a ad ir rege bined the other to the striking train 

of wheels e, f, Lak, i 

is the main vial po coon dag 


series of movements, @ 


i pinion m (not seen in 
poi lr garni fixed Sao eeeecutitiie's pace 
the motion to the pendulum 

the pallets, one of which 
¥ Pare the two 


chronometers. 
Fepctive els «and en shown in fy 6, where ot main wee! 0 
96 teeth hollowed out to receive the click b and its e which are 
to the wheel, the ratchet d being attached to the under side 
of fusee by two serews. ie hedce paliciein lore ace 
eg A rhe cee tive: i ss ight leaves, on which is 


S eieieniead Saeaiee tae 


indo: 4 wp eee 


a blow on the bell. The number of strokes on the bell is regulated by 
mechanism placed on the outside of the front plate of the clock, but is 
removed from the figure just described, to prevent confusion. (See 
Jig. 5.) On the centre wheel-pinion & (fig. 4), whose arbor comes 


| Eight-Days’ Clock. 


Striking Mechanism. 


through the front plate about one and a half inches, is placed the 
minute wheel a (fig. 5), which revolves with the centre wheel in an 
hour, and earries the minute-hand of the clock. This wheel has a pipe 
nearly as long as the centre-wheel arbor, the upper end of which is 
squared to receive the minute hand; and by means of a small spring 
beneath the wheel, which rests upon a shoulder just above the upper 
surface of the front plate, and acts against the upper surface of the 
wheel, the wheel, together with he bend. i foreed against a pin over 
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the hand. The whole of the wheels in this nig tre therefore be 
turned forwards or backwards without disturbing internal mecha- 


Fig. 6. 
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Fusee-wheel, 


nism of the clock, or rather that part of it which is called the going or 
watch train; for the minute-wheel a@ gives motion to another minute- 
wheel }, which, as it must revolve also in an hour, has the same number 
of teeth as a. A pinion in the centre of the wheel has six leaves, 
and acts in the hour-wheel c of 72 teeth, which is placed over the 
minute-wheel a, and consequently revolves once in 12 hours, and has 
screwed to its socket, at the upper end, the hour-hand. To the socket 
of the hour-wheel, about one-eighth of an inch above the wheel, is 
fixed a piece in which are 12 steps, each of which includes an angle of 
30°, or a twelfth part of a circle ; this piece is called the snail, and is 
represented by d. ¢ is a rack whose centre of motion is a stud or pin 
f, on which it acts by means of a pipe about half an inch long, and on 
to the w end of which is riveted the rack-tail g ; in this rack-tail fs 
a short pin h, pointin; pepeotoinly downwards to the front plate 
of the clock. The rack ies about the tenth of an inch above the front 
plate; but the pipe which acts on the stud is long enough to carry the 
rack-tail just clear of the snail when the rack is forced back by the 
ring i; whilst the pin / is long enough to strike against the steps in 
the snail, and yet so short as to be perfectly free of the hour-wheel c. 
Near this is k, the rack-hook moving freely on a stud; m the lifting 
piece, also moving freely on a stud p; n the tail of the lifting-piece 
firmly pinned on to the upper part, and moving with it; othe ering 
pallet, which has a square hole through it, and is fixed upon the square 
end of the arbor q of the wheel g (jig. 4) which revolves once for every 
blow given by the hammer. A a in the warning-wheel: h always 
stands in the same position when the striking part is at rest, which is 
the position re; ted in fig. 4. On the end of the lifting-piece is a 
sail “ebaee q (fg. 5), which through a slit in the front plate, 
and resting on the bottom of the slit, keeps the lifting piece in its 
proper position. The gathering pallet o rests on a pin r in the rack, 
and thereby prevents any motion in the internal wheel-work of the 
striking train. Such being the mechanism, the mode of action will be 
understood from a study of the figures, without a detailed description. 
A small piece « is called the pull-piece, by pulling a string at the end 
of which the gre is raised, and the clock is made to repeat 
the hour last struck at any required time. y is a spring to force 
ward eat es «x against the pin z fixed in the plate of the clock ; s is 
another pin to limit the motion given to the pull-piece « when the 

string ¢ is pulled. . 
Pocket-watches.—Without attempting to notice the numerous im- 
provements in spring clocks, we shall proceed briefly to describe those 
features in a pocket watch which are of a distinctive 

Fig. 7. characte 


r. 
When clocks and watches had acquired a certain 
B fe) degree of accuracy in their performance, the time lost 


in winding up tat when it had to be done 
Le | 


‘ 


every twenty-four became a matter of import- 
ance; and there have been several inventions to 
remedy this evil, Ms aera what is called a main- 
taining . By Huyghens the clock was kept going 
while piling, Yor osama Of ik tills adi Gb te ah 
B is the clock-barrel; ¢, that portion of the line which 
comes from the barrel to the weight; P, a pulley for 
the line to run over; Q, a pulley for the line to run 
under, and to which is attached a small weight w. It 
will be seen by inspection that the hand applied to 
that part of the line marked a will be able to raise 
the weight w without depriving the barrel B of an: 
portion of the power by which it is urged f 

and which power in this arrangement is equal to one- 
half of the weight w. Another kind of maintaining 
power is the forcing spring, shown in fig. 8. A lever A, 
whose centre of motion is 0, has a notch cut in its 
pry into which es prey polly whose centre 
of motion is  ; small lever in its proper 
Endless Cor. position against the bottom of the notch, as shown in 


position 
4, and also in B (which is only another position of the lever), by a 


slight spring % D is a strong spring which acts constantly on the 
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EB 


that of a; and in its progress 
lever c assumes the 
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ath Aes pba nig mp neers hag | 

which it is inserted, the lever a is prevent m™m 
eriotace at tetas oo te hoa 

until the wheel shall have advanced so far as to 
, when the lever regains its position B, where 

another winding becomes necessary. It will 

as ¢ remains on a tooth, the wheel will be urged forward 

of the spring D. e¢ are two pins which are in plate of 

~ clock, and serve to determine the quantity of motion given to 

ever A. 

Harrison's contrivance for the same purpose, however, is the one 
now in general use, both in clocks and watches, and is 
adapted to the purpose. When this principle is applied to a 
is termed a going fusee ; but maintaining power, as a more 
hensive term, is now generally applied. Into the hollow 
wheel is placed a circular spring a b c, (Fig. 10), which 
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Harrison’s Maintaining Power—Going Fusce, 


1, Fusee auxiliary ratchet, and fusee-wheel attached; 2, fusec-wheel 
auxiliary spring, separate; 3, 4, upper and under sides of the 
separate; 5, auxiliary ratchet g, with clicks aa, and springs ¢ e¢, attached, 


and by means of a pin c, and 
through the notch in the to 
which in extent is equal to the difference between the 
the notch in the wheel and the thickness of the pin w 
through it. It is the reaction of this spring through 
distance already mentioned which maintains the motion in 
during the time of winding up. Instead of any click and 
attached to this fusee-wheel, as in an ordinary 
is a circular disc of steel, rather larger than the 
and smaller than the fusee-wheel, having very 
in its edge, and two clicks a a and springs ¢ ¢ on 
which the ratchet fixed on the under side 
the fusee-ratchet, acts, The steel-ratchet is 
Se hte Ee ee 
e will now suppose the auxiliary ratch 
Je fo ite centre 
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fitting the hole in the ratchet. In this situation the wheel and ratchet 
ve the fusee with its ratchet; but it must be borne 
mind, that though the pin c fits exactly in the hole in the auxiliary- 
thereby prevents it from turning round, it does not pre- 
its having as much motion as the spring itself has in the notch in 
wheel ; the spring must also be conceived to have been forced 
its place with the pin ing strongly the end of the 
o. The fusee is now attached to the wheel by passing its arbor 
the hole in the centre of the wheel, and is secured in its place 
and collet on the opposite side, which prevent their separa- 
the same time allowing the fusee to turn with a moderate 
of force. In this state the fusee, &c., must be considered as 
within the frames of the clock or watch in connection with the 
of the train of wheels, &c. A click, or, as it is sometimes 
a detent, is also placed between the frames, and by means of a 
oes made to act in the teeth of the auxiliary-ratchet. The 
ion of whole apparatus will be understood by comparing. the 
relative positions of the several parts. The space through which the 
spring a bc acts in the notch o p with sufficient force to maintain the 
motion of the watch, is about equal to two teeth of the fusee-wheel ; 
and the time in which the fusee-wheel goes through a distance equal 
to two teeth varies in different watches from 10 to 12 minutes, a time 
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We must next describe the escapement, so important in beepers & 
i i a clock or watch, 


iption we are about to give, the term will be made to include the 
scape-wheel, the pallets with their arbor or axis, and a bent lever 
attached thereto, called the crutch, which last piece maintains the 
motion of the pendulum. In a watch this combination consists of the 
seape-wheel, together with all those parts lying between it and the 
balance, and which are concerned in converting the circular motion of 
the wheels into the alternating one of the balance. In Graham's dead- 
beat escapement the preteen, beeadont the centre of motion p of the 
and the centre of the scape-wheel is equal to one diameter of the 
seape-wheel. In fig. 11, the tooth i has just given impulse to the pallet 
P and escaped from it; the tooth o has in uence fallen upon that 
(8 ten the pth beatae nce saint ee A es Fd 
a circle struck from the centre of motion p of the pallets. 

The im given by i causes the pendulum, and with it the pallets, 
to vibrate some distance after i has left p and o has fallen on Q; but 
the arc of rest being concentric with the centre of motion of the pallets, 
the wheel ceases to rotate, or remains dead, until the pendulum by its 


A B D 


Fig. 12. 


returning vibration lifts the pallet q so high as to allow the tooth 0 to 
get upon the face or inclined plane of the pallet, upon which it then 
acts. The tooth drives up the pallet, and with it the pendulum, until 


Fig. 11. 
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Dead-Beat Escapement. 


the tooth o escapes from the pallet Q; when another tooth 4, on the 
opposite side of the wheel, falls on the are of rest of the pallet p, which 
arc is in this pallet on the outside, and on which the tooth rests until 
by the return of the pendulum the pallet P is lifted so high as to allow 
h to get on the inclined plane or face of the pallet Pp, upon which it 
acts. The tooth raises the pallet and with it the pendulum, till it 
escapes and gains the position i, when the same process is repeated : 
the wheel alternately ring impulse to one pallet and resting on the 
circular part of the other, which we have denominated the arc of rest. 
When the pendulum is in a state of rest, some one tooth is always 
resting on one of the circular ares ; the pendulum being put in motion 
i a pallet into a position to receive an impulse from the wheel- 
, when the process already described commences. 

Most of the great improvements in pocket watches have been made 
in the horizontal or flat forms; but the common vertical watch must 
be first described. 

The annexed cut (jig. 12) represents such a watch as it would appear 
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Section of Vertical Watch, 
if the dial (which is here omitted) were turned downwards. is the | wheel-pinion, to which is attached the third wheel a, ace 
Ww! 


barrel; B, the fusee; b, the chain 
fusee, on which is the great or fusee wheel 
inion D,on which is riveted the centre- 
inion p being prolonged through the plate 
far as/, The centre-wheel and its pinion revolve in 
an that part of the arbor p which is on the outside of 
the plate or frame is placed the cannon-pinion, which has a hole quite 
through it for the reception of the centre-wheel arbor, on which it 
-tight. The cannon-pinion is secured in its place by a 
through the end of the centre-wheel arbor /, the end of the 
being squared to receive the minute-handh. The cannon-pinion 
12 leaves acting in the minute-wheel, of 48 teeth, causing the latter 
to revolve once in four hours. Concentric with the minute-wheel, 
and attached to it, isa pinion, having a hole through their common 
centre, through which passes a stud fixed on the plate. This pinion, 
having 14 leaves, drives the hour-wheel m, of 42 teeth, once round in 
pes this wheel is placed over the cannon-pinion by a socket, 
wi has a hole through it for the cannon-pinion to pass through ; 
on this socket is fixed the hour-hand &, It will be perceived that 
by this arrangement the cannon-pinion, minute-wheel, pinion, and 
, together with the hands, can all be turned backward or 
forward without posting the interior mechanism of the watch, simply 
of a key to the squared end of the cannon-pinion. 
assemblage of wheels, &c., thus put in motion is called the motion- 
work of the watch ; that between the plates, the movement, which we 
shall next describe. ,The centre-wheel gives motion to the third 
ARTS AND SCI, DIV, VOL. Iv. 


which motion is communicated | the contrate-wheel pinion. On this is placed the contrate- 


acting in the pinion of the balance-wheel L, which is also called the 
seape-wheel. We have already explained the mode by which the balance- 
wheel teeth act upon the pallets, so as to cause an alternating motion 
in the balance m. One end of the balance-wheel arbor works in a piece 
called the dovetail, which is inserted in a piece p, called the potence, 
firmly attached by a screw to one of the plates of the watch ; the other 
end works in a piece called the follower, which is inserted in another 
piece riveted into the plate called the counter-potence, (left out of the 
figure to prevent confusion). Another part of the potence, called the 
foot, receives one end of the balance arbor or spindle, called the verge 
(on which are the pallets); the other end works in a hole in the pin 0, 
which passes through the centre of the cock q q, which is secured to 
the upper plate of the watch; the pendulum-spring (also called the 
regulating-spring and hair-spring) has one end, immediately below the 
balance, secured to a stud fixed in the plate, and the other pinned fast 
to a small collet, which goes spring-tight unto the axis of the verge, and 
is seen just under the balance. Jigs. 13, 14, and 15, represent some of 
the parts separately. Jig, 13 shows the main-spring in a relaxed state 
as it would appear out of the barrel ; to which, when in, one end of it 
is attached, the other being held by a hook in the arbor of the barrel, 
which comes through the Piper as shown in fig. 12, and is kept from 
turning by a ratchet and click. The spring is wound up by the 
chain acting on the barrel and pulling it round, which operation is 
performed by turning a key placed on the squared end of the fusee- 
arbor, The effort of the spring to unbend itself after being wound up 
3A 
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causes the barrel to revolve in a contrary direction to that in which it 
moved whilst winding up, and thereby gives motion to the fusee, and 
with it the fusee-wheel and the rest of the train. Fig. 14 represents 


the barrel and fusee, with the chain attached. Fig. 15 shows the | ' 


balance-wheel, balance, and verge, with the hair-spring attached to it. 


Pig. 13, 


Fig, 15. 


Details of Vertical Watch, 
We shall now notice the better kinds of watches, the peculiarities of 
which mainly depend on the escapement. 
The Duplex Escapement is shown in fig. 16. 4 is the scape-wheel, 


Fig. 16, 


Duplex Escapement. 


1, 2, 8, being the teeth of repose, and a, 6, ¢ the teeth of impulse, 
wnich are tri , and stand perpendicular to the plane or surface 

the wheel. c pb, the impulse pallet, fixed upon the arbor of the 
balance, and standing just above the surface of the wheel a 4, receives 
itemotion from the teeth a, b, c, &e. After the tooth @ has passed 
the pallet o p, the tooth b comes in contact with a small roller made 
of ruby, and on the lower part of the axis of the balance, where 
it remains till the balance is brought back by the balan ing to 
such a position. that the notch, shown by the dotted line in ruby 
roller, will allow the tooth 1 to enter it, and thereby pass the balance- 
arbor, or escape, which it does by the wheel a 4 being constantly urged 
in the direction from 3 to 1. As soon’ as tooth 1 escapes from the 
notch, tooth 5 gives a fresh impulse to the pallet cp, and the act of 
escapement is thus repeated; the wheel moving forward one whole 
tooth, and the balance making two vibrations for each impulse given 
by the upright teeth. 

Another effective variety, the lever escapement, ia shown in fig. 17. 
The lever / is placed on the pallets in « position at right angles to that 
eee Srey Paseo watch, by which pom we Se 
principle wi more apparent to the general reader. a is the scape- 
wheel moving in the direction of the arrow ; bd the pallets, whose centre 
of motion is ¢. To the pallets is pinned the lever 1, in which is the 
Se the lever 1; the roller / is fixed on 
the of the balance, and stands just above the lever J, having a piece 


cut off fromits circumference to allow the -pin ¢ to pass and a 
the roller, which it does when the escape lace. oi8 a wey bee 
in the roller, and pointing downwards through the notch in the end of 
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through the medium of the ruby pin o upon the 
lifts the pallet aeeatiid from 
unlocks it. During this 


a 


same process is repeated by another tooth on the te pallet. pp 
are two pins, called henkbgpta, against which the af 


when | , and which t the or , 
beth Bl Sin the of the roller f, when the locking takes 


balance on its axis, which is a hollow cylinder c, cut away in ite 
The tecth of the eseape-wheel. forn 
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part of the cylinder which has the least portion of its circumference 
taken away, when a tooth is in the cylinder, the point rubs against 
the internal surface until the balance-by its vibration gets into such a 
situation that the inclined plane can act upon its edge. It then 
impels the cylinder in the direction from p to ; until the highest 
part of the plane escapes from the inside of the cylinder, and the next 
tooth falls upon the outside. This tooth continues to rub until the 
balance completes its vibration and has returned so far as to permit 
the point of the tooth, which has been rubbing on the outside of the 
cylinder, to get upon its edge, where it gives impulse to the cylinder ; 
and when its heel escapes, the point falls on the inside of the cylinder, 
and the former process is repeated. 1, 2, 3, &c., are teeth of the 
horizontal or scape-wheel, one uf which is seen inside the cylinder; 
the dotted lines represent the face or inclined plane of the tooth, 

is j oming i i edge of the cylinder. 
The ee ee of the brag a ares Eh a 
proportion of cylinder to the wheel is such, t a tooth of the 
wheel, when in the cylinder, may just have sensible shake ;, and 
the outside diameter must be sensibly less than the distance between 


The detached , such as is used in a modern chronometer, 


escapement, 
is shown in fig. 19. Aa is the scape-wheel, made either of brass or 
‘ Fig. 19, 


8 
Detached Escapement. 


3, 4, &c., of which are considerably undercut on 
steel-roller or main-pallet BBB, which is fixed on the 
the balance, has an opening in it, the face of which is also 
undercut as shown near B, and has set in it a piece of hard stone, 
ints of the teeth to act upon, s isa stud 
plates to which the detent-spring EF is 
ing is made extremely slender and weak 
; it is only by the yielding of this thin 
any motion can be given to the detent 
of ing the wheel; so that some part of this 
considered as the centre of motion of the detent. D 
, into which is inserted a 
rests. o is a ruby pin 
inserted i the dslarth, plaka aetaimadi tema the eters ; oo thai 
supposed to pass under 
on the pin; and in this state the wheel is said 

be locked, To the inner side of 
delicate spring, called the lifting-spring, which rests upon and extends 
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side. In the position em figure, the lifting- q is just 
coming with its face in contact with the liftin, ne which 
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4 w 
the main-pallet has advanced so far as to be ready to receive an im 
from the tooth 1; and before the escapes the iting 
parts with the spring p, and the detent resumes its place on the head | 
In this position the ib og receives the point of 
tooth 6, a8 soon as tooth 1 has escaped e ruby-face of the main. | 
metas The balance, having performed this vibration by the | 
given to the main-pallet, returns by the force of the | 


from 


spring, and with it the lifting-pallet g. The rounded side of the latter 
pressing against the lifting-spring p, raises it from the detent, and 
passes without disturbing the detent, which is not again lifted till the 
balance has completed the present vibration, and returning for the 
next. In so doing it again brings the face of the lifting-pallet in 
contact with the lifting-spring, which (with the detent) it raises, and 
the act of escaping again takes place; the balance making two vibra- 
tions for every impulse, as in the duplex. This escapement, which 
was invented by Earnshaw, is one of the best for simplicity and for 
performance. 

The name repeating-watch, or repeater, is applied to a watch which, 
in addition to showing the time on a dial, is supplied with mechan- 
ism by putting which in action the wearer is enabled to ascertain the 
time within certain limits. We have shown, in describing an eight- 
day clock, how the number of blows given by the hammer to the 
bell is made to correspond with the hour denoted by the hands of the 
dial ; and also that, by pulling a string, the clock will at any time re- 
peat the hour last struck. But this will not be the case where the 
minute hand has approached within about ten minutes of twelve o'clock, 
for from that time till the hand comes to twelve the clock is on the 
warning, and is in such a position that it cannot strike at all. This 
defect is remedied in repeaters. Most repeaters are watches which are 
capable of striking on a bell or spring the hours and quarters; but 
there are others which also strike the minutes, and these by way of 
distinction are called minute repeaters. Ina repeater, besides the going- 
train and the motion-work, there is an additional train of wheels 
between the frame-plates, called the runners or little wheel-work, or 
sometimes the repeating-train. This train serves the purpose of regu- 
lating the rapidity with which the successive blows shall be given to 
the bell, and consists generally of five wheels and five pinions. The 
last pinion in the train, performing the office of a fly-wheel, is generally 
called the fly-pinion; and, when the striking is regulated to its ordinary 
rate, makes about two hundred revolutions to ¢very blow of the 
hammer. The chief use of these intricate pieces of mechanism is to 
furnish the means of knowing the hour of the night in the dark. 

All the more delicate, pivots of chronometers, and of the better 
kind of watches, work in jewelled holes, which will be found described 
under J EWELLING. f 

Péndulum Clocks.—We now arrive at the consideration of those 
horological machines which receive their regulating adjustment by 
means of the pendulum. 

The sensible equality of the oscillations of a weight suspended by a 
string or wire was first applied as a regulator to a clock by Huyghens 
about 1657. The successive improvements in the escapement, which 
sustains the motion of the pendulum and records its vibrations, and 
those in the pendulum itself, which secure a perfect equality in the 
duration of each oscillation, have finally’ produced the astronomical 
clock, the most accurate machine which man has hitherto constructed, 
and one of the most essential instruments in a modern observatory. 
We shall suppose that the dead-beat, or Graham's escapement, is that 
adopted, The pallets PQ, jig. 11, have motion on an arbor which 
passes through p, and has its pivots resting in holes in the clock-frame, 
A slender bar or wire, called the crutch, is attached to this arbor, and 
a notched piece Posen outwards and backwards from the crutch 
clasps the rod of the pendulum. The pendulum is hung from a cock 
at the back of the frame, and moves with the crutch. a well-made 
clock, the error arising from expansion from temperature is the most con- 
siderable, and is that which must be guarded against. Before explain- 
ing more accurate and costly contrivances, it will be well to point out 
one recommended by Mr. Francis Baily. (‘ Mem. Astron. Soc.,’ vol. i., 
p. 881.) Take a cylinder of lead about 14 inches long, and pierced 
through its axis, as a bead, with a hole large enough to admit freely 
the rod of a wooden pendulum. This hollow cylinder rests on a nut, 
which works ona screw in the continuation of the rod below. The 
rod itself, from the centre of motion to the nut, will be about 46°0 
inches. As it is easier to cut the cylinder shorter than to lengthen it, 
and as the expansion of the spring is not allowed for, and that of the 
wood is somewhat uncertain, it will be better to make the leaden 
i ore an inch longer for a first trial; but even if the pendulum 

ould turn out to be under compensated, an additional ring of lead 
may be added, above or below, of the thickness required. 

‘o the best clocks it is usual to apply either the gridiron pendulum 
of Harrison (which was once chiefly used in England, and is still in 
repute abroad), or the mercurial pendulum of Graham. The annexed 

(jig. 20) is not exactly the pendulum as arranged by Harrison, 
but accords with his principle. The steel rods 1 and 5 are pinned into 
two brass cross-pieces, aa, Bb. The zine rods 2 and 4 are pinned below 
into Bb,and carry a cross-piece above, into which the steel rod 8 is 

inned. Rod 8 passes freely through a round hole in Bb (this is shown 
by dotted lines), and is tapped into a serew below; the bob rests upon 
the nut, which works on the screw. The steel rods 1 and 5 expand 
downwards, the zinc rods 2 and 4 expand upwards, and the steel rod 3 
downwards ; and it is possible so to adjust their lengths (the expansion 
of zine being more than double that of steel) that the effects of the 
expansion downwards aml upwards shall have no effect on the length 
of the pendulum or tite of oscillation. Harrison used brass instead 
of zine for the upward expansion; and in order to produce a perfect 
compensation, was forced to use four more rods, a second pair of brass 
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to expand upwards, and another pair of steel to downwards : 
nine in all. The foreign artists use zinc, which req only five bars, 


Fig. 20, 


Gridiron Pendulum, 


less workmanship, and only one nice fitting. One or two flat brass 
horizontal bands are attached to 1 and 5 to keep the zine rods in 


their — 

In Graham's pendulum, a glass jar, partly filled with mercury, is 
supported in a sort of steel stirrup. The pendulum rod passes through 
the top of the stirrup, and is held by a nut and adjusting screw at D, 
fig. 21. The height of the mercury in the jar is about 6°7 inches; but 
this will vary somewhat with the diameter of the jar, the substance of 
the rod and frame, and perhaps the variable expansion of the steel 
rod. The compensation can be altered, and finally perfected, by the 
astronomer, 

Mr. Dent has recently made many improvements in the mercurial 
pendulum. One consists in the use of a cast iron instead of glass 
cistern for the mercury; another in the attachment of the cistern 
directly to the pendulum-rod; a third, in the prolongation of the 
rod nearly to the bottom of the cistern; and a fourth, in giving 
impulse to the pendulum at or nearly at the centre of percussion. 
If an escapement could be contrived which gave its impulse to the 

ulum at the middle point of its vibration, and was wholly detached 

it at all other times, such an escapement would be fect ; and 
escapements are almost to be considered good or bad as they approach 
this character. Huyghens proposed a most ingenious contrivance, 
namely, that the upper part of the pendulum, which he made of 
two parallel strings, should wrap and unwrap on two cheeks, which 
being as cycloids, caused the bob itself to describe a 
cycloid. Now it is a property of this curve that all arcs are de- 
scribed in the same time, so that Huyghens’s construction was 
see in principle; it had, however, many difficulties in practice. 
of 5 ing the pendulum by a perfectly flexible string, 

or on a knif , when the motion must be in a circle, the top of the 
rod may be made to end in a flat spring, which has certain advantages. 
Mr. Frodsham bas found that a spring of a particular strength 
rendered the oscillations of a pendulum of a certain weight isochro- 
nous, and that a considerable alteration in the length of the spring did 
not affect this quality of isochronism. This may perhaps be explained 
by supposing the lower part of the spring not,to have acted when 
it was longest, but to have always preserved its rectilinear form, 
There is an inyestigation of the effect of atmospheric pressure on the 
rate of a transit clock at the Armagh observatory, in the ‘Mem. Ast. 
Soc.,’ vol. v., p. 125. The author, Dr. Robinson, assumes that the 
variations of a clock from a constant rate are expressed by the sum of 
two terms, one depending on the temperature, the other on the pressure 
of the atmosphere shown by the barometer. The isochronism of the 
spring is supposed, or that the effect of any chan ee ans 
on the above two causes is already expressed in the terms. When the 


Fig. 2. 


losing 3* a day. 
say 200 grains, upon the p! 
curial pendulum, in the gridiron 
find the fresh rate of the clock by observation. Let it now 
aday. Then, as 200 grains cause a gain of 13*a day, 15’4 grains will 
alter it ae day, and, replacing the 200 grains with a weight of 46-2 
grains, will bring the clock to time. The tinal adjustment of the 
compensation can be best accomplished when the clock has gone several 
months, and when the gai 
the year is com with the gain or loss in two of the coldest. 


action of the pendulum, we refer to PenpuLUM. 


best example of a pendulum clock, comprising all the most refined 
means of adjusting the isochronous movements of the pendulum to the 
measurement of small intervals of time. TZ'urret or church clock 
however, are commercially of more importance, and of these we must 
now say something. 

Turret-clocks differ from other machines employed for measuring 
time, not only in their greatly superior size, but also in the 
ment of their parts, and in the circumstance that they are 
make to strike the hours, and often the quarters also, upon large bells, 
They are also occasionally connected with machinery for i 
whole tunes at certain intervals w a set of bells which, when 
mounted ina church tower, are so hung that, by disconnecting the 
hammers of the chimes and ing apparatus, they may also be it 
in the ordinary manner by means of ropes. One of the peculiarities 
a turret-clock consists in the circumstance that it is frequently i 


to indicate the time upon as many as four different dials, on ‘ 


ie compen eak Vaeiome Cee ; 
be by altering the quantity of mercury in the jar, As 


or loss in two of the warmest months in — 
For the mathematical and physical principles which govern the 
An astronomical clock, such as those used in observatories, is the — 
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external faces of the tower in which it is mounted. This apparently 
difficult matter is accomplished in a simple and beautiful manner: by 

ing the clock in or near the centre of an apartment either on a 

el with the external faces, or above or below them, and causing the 
motion of the minute-hand axis to be transmitted by bevil-gear to a 
vertical rod, the opposite end of which carries a horizontal bevil-wheel 
nearly on a level with, and situated centrically with reference to, the 
four external dials. The motion of this central wheel is communicated 
by four vertical bevil-wheels of the same size and number of teeth, 
ranged round its circumference, to four horizontal rods, the opposite 
ends of which, passing through the several dials, carry the four minute- 
hands. At the back of each dial is a series of wheels and pinions, con- 


clock, the moving power is supplied by the descent of a weight, 
regulated in the case of the movement, or going-train, by the 
oscillations of a large pendulum, and in that of the striking-train by 
the resistance of the air to the rapid revolutions of a fly or fan set in 
motion by the wheel-work. The weights are wound up (in most cases, 
weekly) by means of winch-handles and toothed wheels connected with 
the massive drums round which their ropes are coiled ; and, for conve- 
nience, they do not descend immediately from the drums or barrels, 
but in the angles of the tower, or any convenient situation, the course 
of their ropes being directed by guide-pulleys. ig. 22 may serve as 


. Fig. 22. 


Striking mechanism of Turret-clocks, 


an example of the striking mechanism of turret-clocks in eral, 
the details of course vary according to the relative situation 
of the clock and the bell, which in some cases is the reverse of that 
In this cut, @ represents the pin-wheel, by the 
action of the Projecting pins of which upon the end of the lever b, 
ca bo Aaa Bogen sorrenphrale gor nip oigs 
depressed, hammer- is consequently raised ready for a 
stroke. By the continued revolution of ie; the ‘an of the lever after 
raised to a considerable height, is suddenly released, by which 
falls upon the rim of the bell, and the connecting appa- 

$ iginal position ready for the next stroke. 
2 sag chimes, w! form a pleasing though not very common 
ition to the mechanism of turret-clocks, require the addition of 
another train of mechanism, somewhat like that which constitutes 
the striking-train ; inasmuch as it is perfectly at rest for considerable 
of time, and is brought into action only at certain pre- 
intervals by the action of the going-train of the clock 
The mechanism of the chimes very nearly resembles, 
on a large scale, that of a musical snuff-box ; levers connected with 
hammers which strike upon a series of bells, being substituted for the 
springs which in the musical snuff-box are caused to vibrate by the 


more . 
year 1843 by the Gresham Committee to make a turret-clock, of unpre- 
, for the new Royal Exchange, under the superin- 
, the astronomer-royal, determined to meet this 
a clock-factory supplied with all the aids and 


appliances of modern ingenuity, in which the several parts of a turret- 
clock should be produced as far as possible in the same way as the 
component parts of a power-loom or other machine manufactured upon 
an extensive scale. In the Exchange clock, he adopted the use of a 
simple but strong cast-iron framing, in which every strain is so com- 
pletely: self-contained, that the operation of fixing the clock in its 
destined position is one requiring but little skill, scarcely any adjust- 
ment being required beyond the fixing of the frame on a firm and 
level base. Another, and a more unusual feature, which Mr. Dent 
(borrowing from the French) has introduced into the turret-clock 
manufacture, although it is not adopted in the Exchange clock, is the 
use of cast-iron wheels for the striking-train. After many experiments, 
Mr. Dent came to the conclusion to use for the wheel-teeth (the 
driver) the epicycloidal curve, and for the pinion (the driven) the 
hypocycloidal curve, putting nearly the whole of the curve on the 
wheel-teeth, He also applied this theory to the lifting of the 
hammers, both for the striking apparatus and the chimes, by using 
projections of an epicycloidal shape instead of the ordinary round pins 
in the pin-wheel. Clock-wheel cutters had heretofore paid very little 
attention to the geometry of the wheel-teeth. Among the other 
important features of the Royal Exchange clock, which are applicable 
to all others of similar character, whether constructed with its peculiar 
contrivances for insuring perfect accuracy or not, may mention 
the use of hollow iron drums instead of wooden cylinders for the 
driving-barrels, and the use of wire instead of hempen ropes for 
suspending the weights. Another important arrangement is the 
driving of the hands of the clock, and the raising of the hammers 
of the striking apparatus, directly from the axis of the driving-barrel, 
without the intervention of any wheels and pinions. In their deter- 
mination to secure a public clock of unexampled accuracy, the Gresham 
Committee required that the Exchange clock should have a compen- 
sation-pendulum, and that it should be so constructed as not only to 
show perfectly correct time upon the dials, but also to tell it with 
accuracy Me Pengo the first stroke of the hour upon the bell true to a 
second, is difficult work is provided for by an arrangement for 
moving the lever and hammer to nearly the utmost degree required 
before the time of striking ; and causing the end of the lever, which is 
formed in a peculiar manner for the purpose, to remain poised deli- 
cately upon the rounded point of the projecting tooth of the pin-wheel 
until the moment‘of striking, when it is instantaneously released. 
The pendulum is of a comparatively simple construction, which appears 
well adapted for large clocks. The centre rod is of steel, and is suffi- 
ciently long to pass completely through the bob or weight, which, 
however, is not immediately attached to it. Upon the bottom of this 
rod is fixed a nut, by turning which the length of the pendulum may 
be nicely adjusted, and upon this stands a hollow or tubular column 
of zinc, through which the steel rod passes freely. On the top of the 
zine column is a metal cap, from ors pane of which descend 
two slender steel rods; to the lower ends of these rods the weight, 
which is a hollow cylinder of iron, capable of sliding freely upon the 
zine column, is led. Thus, while both the central steel rod and 
the two smaller steel rods by which the weight is suspended, expand 
downwards upon any increase of heat, the position of the weight in 
reference to the point of suspension of the pendulum remains nearly 
the same ; because the zinc column, though shorter than the central 
steel rod, expands, owing to the different nature of the metal, to an 
equal extent upwards, and consequently raises the weight just as 
much as it is depressed by the lengthening of the steel rod. The 
delicate setting or adjustment of the pendulum was effected by a con- 
trivance suggested by Mr. Airy. The escapement is of the remontoire 
kind. The impulses imparted to the dulum are not given 
immediately from the large going-train of the clock ; seeing that 
this impulse is exposed to variations of force and resistance. They 
are given by a small secondary train, set in motion by the descent 
of a ball or weight, which is itself raised at intervals of twenty seconds 
by the mechanism of the going-train. The action is therefore very 
similar to that of a remontoire-spring ; which, as used in some horo- 
logical machines, is a small spring employed only to set the escape- 
ment in motion, it being itself wound up at very short intervals by the 
going-train, which receives its impulse from the prime mover, The 
escapement is Graham's dead-beat escapement, and has the pallet 
jewelled with large sapphires. In this clock has been introduced a 
beautiful maintaining-power, or contrivance for maintaining the motion 
of the wheels during the time of winding up; it was invented a few 
years earlier by Mr. Airy for the clock-work of the great Northumber- 
land telescope at the university of Cambridge. In jig. 23, a represents 
the first wheel of the clock, which is mounted, as usual, upon 
the axis of the rope-barrel 6; with a ratchet and click so arranged 
that the two must turn together whenever the rope-barrel is turned, 
by the action of the weight w, through the line J, in the direction 
indicated by the arrow. When the rope-barrel is turned in the 
opposite direction, to wind up the weight, by the action of a windlass 
on the axis of the wheel d, which e the toothed wheel e on 
the axis of the barrel, the wheel a will not turn back with the 
barrel: f is the pinion which is turned immediately by connection 
with the first wheel a; and both this and the winding-wheel, or pinion, 
d, have their axes mounted in the plates of the clock-frame, The axis 
of-the barrel and first wheel a, instead of being thus mounted, is 
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attached to what may be termed a lever-frame, one side of which is 
seen in the cut at g, 4, ¢; the lever frame itself is pivoted to the clock- 


Pig, 23. 


Airy’s maintaining-power Fusee. 
plates ati, To the end i the end of the line &, l, is attached, after 


passing under a running pulley attached to the weight w. cis an 
internal ratchet on the first wheel a, acted upon by the long click m, 
which has its opposite end attached to the lever-frame near its extre- 
mityi. While the clock is going in the ordinary way, the descent of w 
causes that part of the line marked / to turn the barrel in the direction 
of the arrow, carrying with it the first wheel a, the internal ratchet. of 
which slips under, without cages affected by, the click m. Under 
these circumstances the action of the weight w (through the line 7), 
and the resistance of the pinion f, produce a certain pressure on the 
lever-frame at g; this causes the end i to assume a determinate 
position, in which it remains without motion so long as the weight 
continues to descend, and consequently to draw down the line 1 
But so soon as, by the operation of winding up the clock, the pressure 
upon J ceases to operate, the stress of the weight upon the portion of 
the line marked & causes the end i of the lever-frame to be depressed, 
and the click m, which is connected with it, to be thrust against the 
internal ratchet ¢ with sufficient force to maintain the action of the 
first-wheel a, which turns as it were in one piece with the lever-frame 
round the axis 4 ; thereby producing a pressure upon the pinion 
ly corresponding, if the axis A corresponds with the point at whi 
the strain of the line / is applied to the rope-harrel, to the pressure 
which is exerted during the ordi action of the machine. 

There is one turret clock which has acquired much notoriety, on 
account of its size and cost, and of the extraordi amount of 
controversy to which it has given rise during the long period of sixteen 
years ; namely, the clock for the new Houses of Parliament at West- 
minster. In 1844 Sir Charles Barry applied to Mr. Vulliamy for 
estimates for a clock that would strike the hours on a bell 
the quarters upon eight smaller bells, and 

time on of 30 feet diameter each. How it arose 

that the clock was made by Mr. Dent instead of Mr, Vulliamy.: that a 
essional man, Mr. % B. Denison, became intimately mixed up 

ject: that the plans underwent numerous modifications : 
i fixed in its 
t would be wearisome to tell. It cannot be said that even now 
e clock is really finished, owing to the unfortunate 
ure great bell (for which see Bett). The chief features 
the mechanism .are as follow. The going part is arranged for 
once a week; but the striking apparatus goes for 

days, to allow for slight delays; and even a delay 
one whole day, though it would stop the striking, would not 
going; tee: lala ‘Sabig nevesighl Sa Wateh:ted 0 halt. Gage: 
ponderous weights hang down a shaft 160 feet deep. Schemes 
proposed for employing both steam power and water 
up the clock; but at present manual power only is 
a most laborious duty it is. The pendulum is 15 
weighs 680 pounds; it is formed of an exterior iron 
inches in diameter, with a com inner tube of zine. 
wo-seconds’ pendulum, with a swing or vibrating are of 14 
; a small weight of only one ounce, placed on a particular 
the apparatus, will alter the rate of the clock one second 
The hammers of all the bells [Beit] are (or rather, 
to be) worked by their levers or handles catching 
on the edges of wheels; the or hour-bell being 
eighteen cama on a wheel 87 inches in diameter, On 
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the four sides of the clock-tower are dial rooms, each an apartment 
of large size, traversed by mechanism 
from the clock 
dial than those 
a clock with four dials 
minute hands as 
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ovelties in the clock and watch manufacture within the last 
That bare enumeration of the names of inventors would 
considerable space. We need only, however, notice 
illuminated clocks, 

The hopes once entertained concerning electrical clocks have 
been realised. ate oT eee ant ter eee 
in our great centres of business, There are two 
may be distinguished as electrical dials and electrical clocks 
An .electrical dial is a clock-dial, without any body i 
There is a standard clock at some other place, such as . 
vatory at Greenwich; there is an electric wire connecting : 
standard clock with the index hands of the dial; and there is — 
apparatus for sending a galvanic current through the wire at sit 
equidistant intervals of time. The result of this arrangement is, tha ioel 
the dial-hands make a leap over a small portion of their circular 
through the wire; and the ’ 


ments, to correspon ; 
but in practice it is found better that the long hand should only make 
half-minute jumps. An electric clock, in the weoper sense of the term, _ 
is one that carries its source of power with it, independent of con- 
ducting wire from another building. Various modes of efecting 
this have been devised by Shepherd, Dent, Airy, and others. In~ 
the first attempts, electricity was émployed to ap the pendulum 
itself ; aachigparkraplat ecpents att sy pre Se 
a small weight, which may then work the um the manner 
of a gravity escapement. In Shepherd's etic Striking Clock, the — 
impulses of a 


mdulum as it swings. The 0 a eS te cegaebed ek i 
{ochingiplebe divided. In: iin. tisasl 1wiei,Aise hammer being moved by 
the direct action’ of an electro- Electrical clocks or 


ph into a . COM! the air, and thus, makes a 
of soft cushion which enables the ball to drop without 
small hole in the bottom being left for the air to escape 
a few minutes before one o'clock, the ball is 
top of the staff. At one o'clock, to a single second, the 
in the observatory, by means of delicate mechanism, sends a 
electricity which loosens a tri and lets 
ball in the Strand, of later ction than that 
hibits many improvements in detail. 
The er * of jocks visibl ight is of im 

rendering 0! eat ni one < 
provements introduced in recent years. The illumination is effected 
in many ways. At the Horse Guards in 
on the face of a dial from a flame hidden behind a parapet. 
ore vee eee par a li 
semi-opaque glass, and to manage lighting e way j 
concerning the (prospective) arrangements for the Westminster clock, ; 
Such dials, however, are not so conspicuous and convenient . 
the day as those of construction ; and i 
maintain the hands in a 
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made a few years for the use of semi-opaque hands and figures 

on a transparent dial; with gas-lights in a black-cloth lined chamber 

behind the dial, and reflectors to throw the light on all the sur- 

rounding objects except the black cloth. General Perronet Thompson 
5 


liga suppented a night clock, with twelve holes cut in a disc for the 

and a radial slit near the centre to represent a hand; 

In‘a fine 

lighting at night is effected by placing two large lenses before the gas- 

seek tabs of salad no aa to light ove buradr 

k from the other, if ei uring the day-time, when the 
/ 5 pl wieght i 


low. The illumination is diffused over the 
i . without glare, and without the position of the burners being 


Clock and Watch Trade.—We will conclude with a few observations 
onthe manufacture of clocks and watches, regarded in its commercial 
and industrial features. 


ment, and others the case, a 
subdivide the work to a degree almost incredible. Every kind of escape- 
ment has many different workmen specially employed upon it; and so 
| has every kind of motion work, hands, dials, 


F 


, &e.; insomuch that an 
ordinary London watch passes through considerably more than a hun- 


t character, 


machinery ed, The men acquire ill, each in 
his particular craft; but it isa system unfavourable for enterprising 
inventions and i seeing that each man’s tact and 


right direction, a Horological Institute was founded 
in Clerkenwell in 1858—“ to develope and improve everything relating 
- to the art, by means of a library of books, a reading-room, a museum 
‘ of tools amd machines or models, the reading of lectures and essays, 
= ley rng ofa Journal.” The principal makers of church and 
; turret live in London, and man nearly the whole of the 

machinery on their premises. Prescot exports watch movements to 
America, as well as supplying the home trade; more machinery is 
employed in this trade, and to this fact perhaps may in part be 
attributed the settlement of it in a county celebrated for its delicate 


machinery. 

Switzerland is celebrated for its watch-maki The women and 
children in Neufchatel, and some other cantons, learn certain parts of 
4 the trade, and find t in this way, either all through the 
J , or in the winter, when little out-door work can be done. There 

is a minute “nig eller igre ypigaas m7 an 


” 


seldom 
; and the ice is such as no can com- 
pete with. On the hand, the best ish watches are not 
equalled for and accuracy by any others in the world. A 
London manufacturer, Mr. Bennett, has within the last few years 
endeavoured, by means of letters, pamphlets, and lectures, to foster 
the introduction pf the Swiss system into England, as a means of 
increasing the range of a ole gad for women, lowering the prices of 
watches, and increasing the sale. In the meanwhile, machinery is 
graduall pe ee eeniee jeees tn Sv iaeriend and the adjacent 

rance, ‘8 small brass clocks, saleable in London retail 
at only five shillings each, would be a commercial impossibility without 
the aid of machinery. At Besangon, machine-made watches are now 
in large numbere; the product 


an horse power, some reckoning it to be equal to 
some to 29,000 ; ‘and others to 38,000 Ibs. raised one foot high 
The latter estimate was the one ad and 
also the one most generally followed both by i 


the banks of rivers, as w 


constructors, On this basis a horse power is said to represent a load, 
in pounds, raised one foot in vertical height, of 550 Ibs. per second ; 
33,000 Ibs. per minute; or 1,980,000 lbs. per hour ; or the effort which 
7 men working for a short time could exert. 

The formula usually adopted in calculating the horse power of low 
pressure steam engines is as follows :—Calling the effective pressure of 
the steam upon the piston (beyond the power required to overcome the 
friction, and the incidental services the engine is called upon to perform, 
such as the movement of the feed-pumps, the air-pumps, &c,)—calling 
this effective pressure, supposed for instance to be 7 lbs. per square 
inch, a; the diameter of the piston in inches, p; and the velocity of the 
piston in feet, per minute, v ; we have the formula w= ake a, of, in 

7 


Tn condensing and expansion engines this 


round numbers = Div 

6000 
formula ceases to apply; for the point in the stroke at which the 
steam is cut off materially affects the effective pressure; and it is by 
no means rare to find at the present day that steam-engines will exert 
a force actually three times as great as the theoretical force indicated 
by calculation. As the proportions of the various parts of engines and 
boilers are calculated with reference to the horse power of the engines, 
this uncertainty in ‘the mode of ascertaining the unity of work is 
unfortunate, and numerous remedies have been suggested; such, for 
instance, as the calculation of the force by means of the weight of 
steam produced. No confidence can, however, be placed in them, and 


* | the old formula is still generally followed. 


Two very rude empirical formule are adopted by some practical 
engineers for calculating the horse power of an engine, which may 
sometimes be of convenient application, as furnishing an approximate 
means of estimating the value, without, however, attaching any precise 
importance to the indications so given. They are, calling the diameter 
in inches, a; the number of strokes, 6; the length of the stroke in ~ 


F 2 2xb 
English feet, s; then HP aie Me, or, HP > 


The horse power of a water-fall is really indicated by multiplying 
the cubic quantity of water falling over the shuttle by the height of 
the fall a by 62°5—the weight of a foot cube of water being 62°5 lbs. 
In the best descriptions of water-wheels, however, a very large portion 
of the real power is lost by the friction of the machinery, and by the 

of a certain portion of the water without its striking the 
Wheel ; and in the more unfavourable varieties the loss is so great as 
to materially modify the calculated results. Thus Mr. G. Rennie 
calculates that the tive results as compared to the theoretical ones 
are, for overshot wheels as 27 or 30 to 100; for breast wheels as 45 
or 50 to 100; and for undershot wheels as 60 or 80 to 100. Calling 
then the quantity of water falling, q; the height of fall, H; and -the 
co-efficient of the real effective power, expressed decimally, 0; we have 


the formula for a water-wheel Hr = biplanes . 

As the usual application of the power of a horse is for the purpose 
of drawing a load on roads, it may be as well to state, that the useful 
result of such application must evidently depend on the state of the 
surface of the roads themselves. This branch of applied science has 
been studied by Gerstner, Parnell, Gordon, &c.; and the results of 
their investigations are expressed in the following empirical formula. 
Calling the power exerted, estimated in pounds, P; the weight of the 
waggon, W; the load, w; the co-efficient for the surface under con- 
sideration, c; and the velocity in feet per second, v; we have 


ret ( = + at + v)- On an inclined road, this formula becomes 


weet Reve in wit) in which h is the vertical 
rise, and / the horizontal length of the incline. The value of ¢ is usually 
given as=2 on a paved road; =5 on a well made broken stone road in 
a, icbanowny = 10 on a similar road when wet and muddy; = 13 on 
a gravel or broken flint road; and as = 32 on a wet and muddy 
gravel or broken flint road. Coulomb, and the earlier writers on 
dynamics, considered that the ordinary power of a horse, at a dead 
pull, was equivalent to 420 lbs,; and that he was able to exercise the 
above force most advantageously, when walking at the rate of 3 feet 
per second. Smeaton gives the useful effect of a horse walking at that 
velocity as being equivalent to 189 lbs. ; this velocity is nearly at the 
rate of 2 miles per hour ; but when the velocity becomes 3 miles per 
hour, the useful effect falls to 80 lbs. Telford gives 200 lbs. as the 
actual work of a horse raising a weight over a pulley out of a well, 
for eight hours in a day, at the rate of 2} miles per hour ; he also says 
that in a cart, a horse will draw more than 2000 lbs. For more 
extended statements on this subject, see the article ANIMAL STRENGTH. 
A great deal of curious information may be likewise obtained upon 
the subject of horse power as usually exerted, in Gordon's ‘ Treatise 
on Locomotion,’ 1834, Borgni’s ‘ Traité complet de Mécanique,’ 1818, 
contains, however, the most complete digest of the experiments on 

the power of men and of animals,. 
HORSE-RADISH.—Medical Properties of —Horse-radish is a crucife- 
rous perennial herbaceous ea growing in Alpine meadows, and along 
as on the sea-coast in the south and south- 
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eastern parts of Europe, called Cochlearia Armoracia(Linn.) or Armoracia 
rusticana (Wettereau). The root is the officinal part, and is always 
obtained from cultivated plants, as it is enjoined to be used in a fresh 4 
state. The root is solid, fleshy, tapering, from one to two feet long, 
and when bruised or scraped into shreds, emits a highly acrid penetra- 
ting odour, which causes a secretion of tears when received by the 
eyes: put in contact with the skin, it speedily causes rubefaction. The 
taste is more or less acrid, according to the season of the year or the age 
of the plant; young plants much mucilaginous starchy and 
saccharine matter, by which the pungency is lessened. 

. The analysis by Gutzet shows its composition to be acrid and very 
volatile oil, bitter resin, extractive, sugar, gum, starch, woody fibre, 
vegetable albumen, acetic acid, with acetate and sulphate of lime. A 
little sulphur also exists ‘in it, The volatile oil is the active principle. 
This is of a pale yellow colour, heavier than water, and so volatile that 
asingle drop of it can fill a large room with a penetrating odour of 
horse-radish. In this respect it resembles the volatile oil of mustard. 
The taste is at first sweetish, afterwards burning and acrid. It has a 
sensible effect on the brain. When applied to the skin, it causes violent 
inflammation and rubefaction. It is identical with oil of mustard. 
(Snvarts, in Nat. Hist. Drv.] It is sparingly soluble in water ; freely in 
alcohol. The outward application of horse-radish causes vesication ; 
the internal application causes sensible warmth of the stomach, with 
augmented power of digestion. A warm infusion excites vomiting, in 
the same way as mustard does. This kind of emetic is useful to rouse 
the stomach from the insensibility consequent on narcotic poisons 
being taken, but it must not be forgotten that violent or even fatal 
inflammation of the stomach may ensue if vomiting do not occur, 
and the stomach-pump is a more certain means of emptying that 
viscus, 

Horse-radish is well known as a condiment taken with beef, fish, and 
other kinds of food difficult of digestion. Its powers are heightened 
by associating it with vinegar, as in the horse-radish sauce. 

The officinal preparations are the Infusum Armoracie Comp. This, 
when made with warm water as ordered in the Pharmacopcia, soon 
spoils, notwithstanding that some compound spirit of horse-radish is 
added to it. It would be much more advantageous to make it with 
cold water, especially as its power depends upon a principle of such 
remarkable Menge: 4 The compound spirit is employed as an adjunct 
to diuretic and other medicines, Horse-radish scraped down into 
shreds and digested in red wine forms a Vinum armoracie, which is 
eminently useful in warding off a relapse of intermittent fever, when 
the employment of it is persevered in for some time. Digested for an 
hour in vinegar, it is an excellent gargle against hoarseness. 

. (Dierbach, Die Neusten Entdeck in der Materia Medica, 

p. 81.) 

HOSIERY MANUFACTURE. The principal seat of the hosiery 
manufacture in England is in the three midland counties of Leicester, 
Nottingham, and Derby. In the first of these woollen hosiery forms 
therprincipal branch of the manufacture, while in Nottinghamshire the 
— chiefly used is cotton, and in Derbyshire silk goods are mostly 

le. 


The stocking-frame, by means of which this manufacture is carried 
on, is, next to the common and weft loom, the oldest machine in 
existence applicable to textile fabrics. It was invented about the close 
of the sixteenth century by the Rev. William Lea, of St. John’s 
College, Cambridge; but a considerable time elupsed before the 
produce of this frame took the place of the trunk-hose then worn by 
all who could afford such an article of dress. For this reason Mr. 
Lea settled at Rouen in Normandy, where his manufacture was carried 
on under the patronage of Henri IV.; but the assassination of the 
king and the political troubles brought on by that event caused the 
abandonment of Mr. Lea's establishment, and that gentleman shortly 
after died in a state of poverty at Paris. 

From the period of its first invention the stocking-frame received no 
considerable improvement until quite recent times. Frames, however, 
with a rotatory action, and worked by steam-power, have been 
successfully brought into use at Nottingham, and bid fair to supersede 
altogether the use of the old reciprocating engine. The economy in 
the process of manufacture thus effected is very great. The working of 
arotatory machine impelled by steam-power, in which twelve fashioned 
stockings are made at the same time, requires the superintendence of 
only one man and a boy; whereas in the old frame but one stocking 
can be made at once by a single workman. The substitution of steam- 
power frames for the old hand frames luced at first some distress 
among the framework knitters; but the extension of demand 
which is always found to accompany a considerable cheapening of any 
manufacture, lessened this evil by causing employment for an increased 
number of hands. The cotton branch of the hosiery manufacture 
differs from the woollen and silk branches in the relative proportions 
of the cost of labour as compared with the cost of the material. In 
cotton hosiery the cost of labour constitutes from two-thirds to five- 
sixths of the value of the goods; while in woollen hosiery the labour 
does not exceed two-fifths of the value; and in silk goods the pro- 
portionate cost of labour is still smaller. 

It is difficult to describe the processes of this manufacture without the 
use of many wood-cuts; and even then the routine is not well understood 


possess 

It is a continuous thread w! 
in a way which bears a good deal 
ladies’ netting and crochet work. 
frame is not a stocking, but a piece of knitwork cloth, which 
wards sewn up into the form of a stocking by needle and 
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Hence, there are three kinds of operatives engaged ; the winders, 
put the thread into or on the machine; the 
work the thread up into a knitted fabric ; 
the stocki out of the pieces thus produced. 
generally children, who can each wind thread enough 
machines ; the knitters are men, women, and you 
the winders and the seamers; and the seamers are wo! 
the stocking. 

let out to the men by the owners, at so much per week for each frame 


i 
i 
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y 
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of 
frames are owned by the frame-work knitters; some are — 


while other ms are the Sore ia iwre Spiers ‘shop va a 
frames,’ containing eight or ten 1€8 w g-room to 
work in, they let to the workmen, at so much per frame per week. — > 
The master manufacturer gives out his thread, and the workman 
Yeturns this thread in the form of stockings, the work being paid for q 
at so much dozen pair. ; 

Wea bes wpokees ‘only 08.abah , but many other articles besides 
stockings are made of this linked fabric. Gloves, waistcoat-pieces, 
mitts, pantaloons, drawers, braces, webs, comforters, caps, jackets, 
leggings, and various other ertichee—ate male Sey a Se ee © 
and of the same material. The processes for worsted, cotton, and silk = 
are nearly analogous; those for silk requiring, however, the greatest : 
care, Some progress, as has been remarked above, made 
towards the manufacture of hosiery by means of steam-power. — area 

Ireland is gradually advancing in this as in many other branches 
of industry. At Balbriggan there is a hosiery pero yy bo 4 
which specimens of cotton hosiery are issued, of a degree of igs! 


ladies’ 


looped and 
Several 


in colour; these are so loo 
completely enveloped by the other; and ‘the mode of 
such that, in the event of failure of a loop, it does ee 
cause the general running or failure observed in most hosiery is 
under similar circumstances. By this system, gloves or oe 

be com of three threads, one of cotton and two of silk; 

being shown both on the outside and the inside, and the cotton hidden 


AB 
and then of threads 


by a change in 
ia the making 


knitted 
The 


he hosiery manufacturers of this country, at least those engaged in 
slang cobs sieelibie; c wise interfered with in the foreign trade 
by the competition of Saxony. At Chemnitz the manufacture of 
cotton is carried on very extensively. There are large 
establishments in which circular frames are worked by steam power, 
with steam presses and steam irons to finish the goods. The women 
who tend these machines receive little more than 2s. per week on an 


support, The Chemnitz hosiery is exported 
States, where it proves a formidable competitor to English produce. & 
It has been stated in a former paragraph that the stockingers of 
midland counties follow a peculiar system in hiring the frames with 
which they work. Hence arises a condition of things against which 
they are aleriais complaining. With the exception of the Spitalfields 
silk weavers, few artisans in England have more frequently solicited 
the protection of the legislature than the or frame-w: 
knitters, especially those engaged in the worsted trade of Leicester-— 
shire. The men and their families are always poor, let the state of 
trade be brisk or slack; they seem bound to their employers by 
shackles which they cannot throw off; and there is a general tone of 
despondency in all their comm on the subject, i. state 
that, whatever be the nominal making a dozen pairs of stock- 


largely to the United — 


without seeing the machines actually at work. The hosiery or frame- 


for : 
ings, the stoppages are so bre. frame-rent and other items, that 
their net earnings, even esate men, do not exceed 8%, or 10s. 


: 


average; but this sum will go as far as 5s. in England, as a means of — 


; 
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week. Among numerous appeals to the legislature, one in 1844 
paesPbapaes 2 cen ig ion; it was a petition signed by 25,000 
frame-work knitters. government employed Mr. Muggeridge as a 
commissioner, to make minute inquiries in the three midland counties, 
He examined no less than 600 witnesses, and came to a conclusion 
that the legislature should step in to protect the artisans. All 
leading statesmen, however, felt that any interference between employers 
and employed on a matter of wages lies beyond the functions of the 

i ; and nothing particular was effected. After many 
years’ more complaining, a i of the House of Commons 
estigated the subject in 1857. A volume of 700 folio pages, con- 
taining an immense mass of information, was the result of this 
inquiry ; and a few words from the Report of the Committee will 
suffice to show the singular commercial economy of the trade. 
Foreign competition, improvements in i , and of 
to lower the wages of those who work on the 
old hosiery-frames ; and this lowering, it is contended, is sgunreied by 
the mode of paying wages. ‘The mi man supplies workman 
i other machinery, sometimes belonging to himself, and 
sometimes hired of the manufacturers and other owners. When he 
settles with the workman, he deducts out of the gross price per dozen of 
the work performed—first, a sum as cra ed eck ed bya frame; 
secondly, a sum for winding the yarn, which is a necessary operation ; 
Bia beats veteneests Kischelt hor the sos of the remises where 
is performed, and for the m of the frame; and 
for his trouble and loss of time in procuring and 

the materials to be manufactured, for the 
manufacturer for the due return of the materials 
when manufactured, for tending the work itself, for his pains in 
sorting the goods when made, and for re-delivering them at the ware- 
The manufacture is carried on, in many 
the workmen, and in places distant from 
the manufacturer; with no communication between 
him and the workmen except by the intervention of the middleman.” 
It has become a custom almost universal in Leicestershire, to charge 
1s. per week rent for a frame, whether it be old or new, and whether 
it be worked by tae ox tae por a this, it is quite certain, ye 
handsome profit on the capital expended in purchasing the 
One manufacturer, in 1857, employed 2000 frames, one half 
owned by himself and the other half by middlemen; but all these 
frames alike were charged 1s. per week to the knitters who used them. 


Exports. . 
Dozen Pairs, Declared Value, 
Cotton stockings . . ° « 1,020,000 £312,000 
Cotton hosiery and small wares oe a6 325,000 
Silk stockings . . ° . . 9,300 13,000 
Silk hosiery and small wares vie ee 36,000 
Silk and cotton stockings . . 8,700 6,000 
Silk and cotton hosiery and small wares a6 7,000 
Worsted . . . . 190,000 133,000 
Worsted hosiery and small wares ee 215,000 
Imvorts, 
Dozen Pairs, Average Value. 
Cotton gloves . . . - 170,000 34d. per pair, 
7d., stockings, 
Cotton stockings . . . « 450,000 4 a, ackte. 
Worsted gloves. . 6,400 bd. 


a a and the United States; the 

inn iefly f H 

HOSPIT (sometimes called seme te Pay the French hépi- 
|, @ place endowed for the reception o sick or support of infirm 

The first hospital for the sick is said by Mongez to have been 

of the 4th century. fons em intended 


merely for the relief of and indigent are - 
liarly called Alms-houses. At an earlier date hospital ied a place 
of shelter or entertainment for travellers upon the road, more iall, 
for pilgrims. Spenser in the‘ Fairy Queen,’ uses the word in this 
sense :— 

“They spy’d a goodly castle, placed 

~ Foreby a river in a pleasant dale, 
Which, chusing for that evening’s hospital, 
They thither march’d,” 


* The Maison de Dieu at Dover, St. John’s Hospital at. Warwick, and 
some others, were expressly founded for the reception and entertain- 
ment of pilgrims and travellers. 

Many of the charitable endowments in England are called hospitals, 
and are incorporated bodies, isting of a master, brethren, and occa- 
sionally other members, Some of these foundations have also schools 
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the | tional establishment for the teaching of classical learning 


attached to them. But the name is now more generally restricted to 
places for the reception of sick, or wounded persons, and such hospitals 
are very numerous in the United Kingdom. In London, the chief 
exceptions are the Foundling Hospital, for the reception of illegitimate 
children, abandoned by their fathers; Christ’s Hospital, an educa- 
; Chelsea and 
Greenwich Hospitals for the reception of aged and infirm soldiers and 
seamen; and Bethlehem and St, Luke’s Hospitals for lunatics, Medical 
and surgical hospitals are established in every large town throughout 
the kingdom ; and in London thereare many. The oldest, and perhaps 
even yet the most important, are St. Bartholomew’s, founded in 1122; 
St. Thomas’s, c from a religious establishment to a medical 
hospital in 1551; and Guy’s, o for the reception of patients in 
1725. These three are sup by endowments, and are very wealthy. 
All the other hospitals for the sick, inthe country, as well as in London, 
are supported mainly by voluntary contributions. As to the manage- 
ment of their revenues and their general superintendence, hospitals 
are on the same legal footing as other charities. : 

The construction of hospitals is a subject which has recently engaged 
much attention among architects, physicians, and sanitary reformers. 
The systems which have found the ablest advocates are those known 
as the pavilion and the corridor ; but a discussion of their respective 
merits would evidently be md our province. It will be enough 
to say that hospitals for the sick require to be well situated, thoroughly 
drained, to have the rooms or patients’ wards lofty, well lighted and 
ventilated, and sufficiently and equably warmed. ithout these re- 
quisites the care and attention of the physician will be either in vain, 
or materially obstructed. 

spa tlanpepeg am ee: in its seg acceptation, means 
one residing in an hospital, in order to receive the poor or stranger ; 
from the Latin italarius, a word found only in the language of 
the lower age. The Knights Hospitallers were an order of religious 
formerly settled in England, who took their name and origin from an 
hospital built at Jerusalem for the use of pilgrims going to the Holy 
Land, dedicated to St. John Baptist. The first business of these 
knights was to provide for such pilgrims at that hospital, and to protect 
them from injuries and insults upon the road. They were instituted 
about the year 1092, and were very much favoured by Godfrey of 
Bouillon and his successor Baldwin king of Jerusalem. They followed 
chiefly St. Augustine’s rule, and wore a black habit with a white cross 
upon it. soon came into , and had a house built for them 
in Clerkenwell, London, in 1100; and from a poor and mean beginning 
obtained so wealth, honours, and exemptions, that their Superior 
here in E was the first lay-baron, and had a seat among the 
lords in parliament ; and some of their privileges were extended even 
to their tenants. The order was suppressed in England by the 32 
Hen. VIII., c. 24, on the ground that the knights sent money out of 
the kingdom, abetted the usurpations of the Pope, defamed the king 
and his subjects ; ing that their revenues would be better spent in 
the defence of the kingdom. - : 

There were also sisters of this order, of which one house only existed 
in England, at Bucklands in Somersetshire. 

Upon many of their manors and estates in the country the Knights 
Hospitallers placed small societies of their brethren, under the govern- 
ment ofa commander. These were allowed proper maintenance out of 
the revenues under their care, and they accounted for the remainder to 
the grand prior at London. Such societies were in consequence called 
Commanderies. What were commanderies with the Hospitallers were 
called Preceptories by the Templars, though the latter term was in use 
with both orders. 

The Knights Hospitallers had several other designations. They 
were at first called Knights of St. John of Jerusalem ; afterwards, 
from! their fresh place of settlement, Knights of Rhodes ; and after 
the loss of that island in 1522, Knights of Malta, from the island 
which had been bestowed upon them by the emperor Charles V. The 
order still exists under this title, and the chief, or grand commander 
still resides at Malta. 

(Tanner, Notit. Monast. ; Dugdale, Monasticon Anglicanum ; Collier's 
Ecclesiastical Hi of Great Britain.) 

HOSPODAR is the title of the persons formerly sent by the Turkish 
sultan to govern Moldavia and Wallachia, the two provinces north of 
the Danube. These governors for more than a century were taken 
from the principal Greek families of the Fanar, such as Maurocordato, 
Soutzo, Caradja, Morousi, Callimachi, Ypsilanti, &c. They assumed 
the title of princes, and were addressed as “ Most Serene Highness.” 


y They held in their respective capitals, Bucharest and Jassy, a nume- 


rous court, consisting chiefly of Fanariote Greeks, and were in fact 
almost absolute sovereigns during the time of their administration. 
This however might be shortened at the pleasure of the Porte, which 
often recalled them, and put them to death. At the time of the Greek 
revolution in 1821 the Hospodar of Moldavia, Prince Michael Soutzo, 
escaped into the Russian territory, and his relative the Hospodar or 
Prince of Wallachia was poisoned, The it government of those 
two principalities is vested in one innetor, pleded separately by the 
two principalities; who is assisted by representative assemblies, the_ 
two principalities having acquired a sort of independence, though 
es the suzerainty of the Turkish sultan, whose consent is 
necessary to the instalment of the hospodar, ; 
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HOTBED, a name given by gardeners to a heap of fresh stable litter 
in a state of fermentation, upon which a glazed box is placed for the 
cultivation of certain plants requiring heat and moisture in greater 
quantity than those agents exist in the external air, Formerly hotbeds 
were more exclusively used for various purposes in horticulture than 
they now are. This is owing to the perfection to which other means 
of producing and applying artificial heat have now attained; but still, 
for the growth of cucumbers and melons, raising seeds of tender 
annuals, and of other plants, either ctilinary or ornamental, hotbeds 
continue to be advantageously employed, as they likewise are for the 
striking of cuttings. 

Hotbeds may be formed of various substances, such as unrotten 
dung, tan, leaves, or a mixture of these with moist'litter ; in short, an: 
substance capable of producing and retaining fermentation, and whic! 
will admit of being built up so as to support a frame with sashes. The 
substance however that is most cnaie used is fresh stable-dung ; 
the preparation which it requires consists in its being thrown in a 
heap, and also watered, if it eontain much dry litter; and as ferment- 
ation proceeds it should be turned two or three times, and mixed 
thoroughly in the process. 

The situation in which hotbeds ought to be formed should be dry, 
open to the south, and well sheltered in every other direction, either by 
walls backed by high and close-growing trees, or by very close and 
lofty hedges. Such extensive shelter, though desirable, cannot always 
be obtained ; but some mode should be employed to break the force of 
sweeping winds. The basis on which the bed is to be formed should 
be marked out from 4 to 6 inches each way beyond the dimensions of 
the frame intended to be placed upon it ; and if faggots or a layer of 
brushwood be laid as a foundation, it will admit heat completely under 
when the bed requires the application of a dining, which is a quantity 
of fresh materials added to the outside, should a diminution of heat 
require a new supply. The bed is then built of successive layers of 
the prepared materials, each layer being beaten tolerably compact 
with the fork as it is laid on, to the height of 4 feet in front, and 
4 feet 9 inches at the back; the sides and ends should be quite per- 

dicular. The top layer should be as free from litter as possible. 
When thus finished, the frame and lights are placed upon it, and as 
soon as the violence of the fermentation has diminished, mould is put 
in; and when the latter has acquired a proper temperature the plants 
are introduced. Instead of mould, rotten tan, or leaf mould, or sand, 
is spread over the surface of the bed, when pots containing seeds or 
cuttings are to be plunged. 

As soon as the heat of the bed begins to decline, a fining of fresh 
materials must be applied. This however may be composed of sub- 
stances that have not undergone any previous fermentation, and may 
consist of fresh stabledung, merely shaken up as it is placed against 
the sides of the bed, or of grass mowings, or of leayes, or of a mixture 
of such substances. 

A bed formed of well-prepared materials, and raised to the height 
above mentioned, will be sufficient for any purpose for which a strong 
bottom-heat is required; but a yery mild bottom-heat is frequently all 
that is wanted. In this case the bed is made lower and more com- 

tly beaten or trodden. Substances that ferment violently are like- 
wise excluded from its composition. 

It sometimes happens that, notwithstanding every precaution with 
regard to its formation, a hotbed will become too hot for plants or 
seeds that may have been placed above it. In this case the’ onl 
remedy is to remove the plants until the hotbed has been remade, wii 
the addition of some materials the fermentation of which is slower and 
less violent. Gardeners sometimes attempt to avoid the trouble of 
doing this by piercing the sides of the hotbed with holes for the 
egress of heat; but this is seldom an effectual remedy for the evil. 

HOTCHPOT. (Law.) The word has been thus quaintly explained 
by Littleton :—“ It seemeth that this word hotchpot is in English a 
pudding, for in a pudding is not commonly put one thing alone, but 
one with other things together.” The common law prescribed 
the rule, that where a daughter to whom lands had been given in frank 
marriage claimed a portion of the lands descending upon her together 
with her sisters from the father in fee simple, she should not take an 
share unless she mixed and blended the lands given to her in’fran 

iage with the descended estate, so that they might be equally 
divided among all the daughters. The rule is founded upon the same 
grounds as the Collatio bonorum of the civil law. (‘ Dig.’ xxxvii. 6; 
* De Collationibus.’) The statute 22 and 23 Chas, IL, c. 10,5. 5 (the 
Statute of Distribution) provides, that in making distribution of the 
raonal estate of intestates, advancements made by them in their 
ives to their children shall be brought into hotehpot. 

HOTHOUSE, in horticulture, is a structure in which exotic plants 
are cultivated under circumstances approximating as closely as possible 
to those under which they naturally exist ; or it is used for erating 
the production of flowers and fruits of either indigenous or exotic 
plants. Hothouses appropriated to the latter purposes are very fre- 
quently termed forciny-housea. 

In the po mary bg the 17th century that description of hothouse 
generally termed the greenhouse began to be constructed in Germany ; 
and one in the Apothecaries’ Garden at Chelsea is mentioned by Ray 
in 1684. These, many others of later construction, had glass only 
in the front, which was perpendicular; and the mode of applying 


artificial heat exhibited little more know! of means for the end 
than the remains of flues found in the ruins of the dwelling-houses and 
baths of the Romans. 

In 1724, when Switzer published his treatise entitled ‘The Practical 
Fruit Gardener,’ the principles of managing hothouses were still very 
imperfectly unders' ; for he observes, p. 805, that “ hes, necta- 
rines, and apricots don’t love to be fore’d; at least the fruit is very 
seldom good; there being much occasion to keep the glasses close, 
the fruit is always rendered flat and insipid. This is not pure specu- 
lation, but the result of the practice that I haye observed in the glass 
ea lee . particularly in h fo: made 

Considerable alterations, ly in houses for were made 
towards the end of the last century. The most aaierial eapeoneee 
was the substitution of a slanting glass roof for a perpendicular tig 
front ; but the advantages of this were much diminished by the heavyi- 
ness of the sashes, and the quantity of opaque matter which it 
was thought necessary to employ in ordér to ensure the durability of 
such structures, 

In the present century advances have been made in hothouse 
building, and more particularly since 1815, The application of heat by 
steam or hot water, and the odmnisai ion of a greater ananbity of light 
glazing on metallic bars instead of wooden sashes, are princi; 

‘eatures of these improvements, 

The principles by which the construction of hothouses must be 
governed have reference to the three great agents in vegetation—heat, 
*TFik tacard to. kent, the, balding saush provide for. « millelall 

i to , the building m ‘or a suffi 
amount to raise the internal temperature of the house, from that of 
the lowest de; of external air that occurs in this climate, to that of 
the highest which prevails for any length of time in the countries 
which the plants intended to be introduced are natives. This rule 
without exception as far as plants strictly tropical are concerned; 
slight relaxation may be allowed in some cases with regard to plants of 
temperate climates, such as, for instance, the vine when it is 
intended to be forced late in the season, after the severity of 
winter is over. With regard, however, to vineries intended 
forcing, the extremes of temperature should always be made the data 
for calculating the extent of the requisite heating power, The con- 
sequences of too limited a heating power will, in many instances, be 
exhibited for several years. Vines in a forcing state have been so 
affected by the extreme cold of a single night, that the cro 
not only lost, but the yines themselves so much injured as not 
be worth preservation, This shows the necessity of always pro- 
viding for extreme cases, since a deficiency of heat for only a few hours 
may occasion an injury that cannot be remedied in as years. 

Moisture is of very great importance, and a due proportion of it is 
frequently more difficult to maintain in the atmosphere of the 
than heat, and more so by some modes of heating than by others. It 
therefore follows, that as all applications of fire-heat have a ‘ 
to produce too great a degree of dryness, that mode is the best for the 
growth of plants which allows of the greatest quantity of vapour to 
remain uncondensed in the atmosphere of the house. ‘ : 

Some tribes of exotic plants, natives of the torrid zone, are adapted 
for existing under a very dry atmosphere. Instead of developing a 
thin expanded foliage, they form thick succulent masses, which 
degree of atmospheric ag ba seems to injure, Plants of such a 
nature of course require a dry stove ; and a period of extreme dryness is 
perhaps as necessary for their future vigorous development as the cold of 
winter is to the deciduous trees of the north. But with regard to the 
generality of plants from tropical regions, a very different atmosphere 
is necessary. Within the tropics, the dryness of the air ae 
exceeds 10° of Daniell’s hygrometer ; whereas, in the neighbourhood 
of London, between 20° and 30° are frequently indicated during the 
day. In tropical countries the air is saturated with moisture during 
the night, or at least it is but very rarely otherwise in the open air. 
But if due precautions be not taken and temperature only be attended 
to without regard to moisture, a degree of ess will prevail at night 
in hothouses, which is double that of the tropic during the b 
Artificial heat having therefore this excessive desiccating tendency, the 
necessity becomes obvious of adopting such modes of construction 
heating as will afford the best means not only of supplying but of 
maintaining moisture; for vapour may be raised till the air of th 
house is at the point of saturation, and yet causes may operate so as to 
occasion a speedy condensation and a popphnas Ga yeeee * 7 

Light cannot be admitted too freely into uses, This will 
appear evident from the circumstance of the most nt medium 

at can be used reflecting a great proportion of the sun’s rays when 
they impinge obliquely on its surface. According to Bouguer’s ‘ Table 
of Rays reflected from Glags,’ when the angle of incidence is 85°, as 
much as 54 per cent, of the sun's rays are reflected; and at angles of 


incidence of 
80°, 70°, 60°, 50°, 40°, 30°, 20°, 10°, 1° 
41, 93, ll,’ 6 3% 8 a a, 2 


per cent, are reflected, omitting fractions. : 

Besides this, in wooden roofs, even although of good construction, 
22 per cent. of the rays of light are obstructed by the rafters, &e. In 
iron roofs the obstruction is reduced to 7 or 8 per cent. In the case 


ad 
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of a house fronting due south, the rays of the sun at 6 a.m. will run 
it ; at 7 a.m. 30 per cent. of the rays will be re- 

ected from the glass alone, independent of the quantity from other 
At 8 a.m. 10, and at 9 a.m. about 4 per cent. be reflected, 
i 83 p.m. the proportion reflected will be only from 
t. If we therefore take from 6 4.M. to 6 P.M., a length 


eulate the loss of rays to be from 


Reflection of glass, say on an average . . 10 per cent. 

Obstruction from rafters (iron). . 8 » 

Ditto from glazing laps ‘ ork Crore ing 
23 per cent. 


But if wooden rafters are employed, 15 per cent. additional must be 
added, making in this case a loss of 38 per cent. In old and heavily 
constructed houses, it certainly would not be too mutch to state the 
loss of rays at 50 per cent. ; and under this privation of light it is not 
surprising ifthe planta are found to exhibit yellow sickly foliage 

above calculation of the reflection of rays is made on the suppo- 
sition that the pitch or elevation of the roof forms an angle with the 
horizon corresponding with the latitude of 


perpendicular 
than could be the case with any other elevation. 


mean temperature 
inquire how far the above 


considerably greater, more especially in the winter 
ly less in summer. So far 
le may be chosen that is found 


Pine pits 
ly 
ve 


as much light as possible is now 
in cloudy weather great advan- 


rendered as transparent as possible, 


of the same in this ft 
Sdveted, with black wool, and conse- 
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bourhood of London for a thermometer placed in the 

i one i At Cumana, Humboldt 
to have the effect of raising the thermometer 
pole, the en of the solar rays 
this climate. een lat. 80° and 
that the thermometer was 18° below 
on the other the pitch was 
This is a greater radiating 
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for moisture at the equator than at thé poles. At the 
ap ae saturation, atid at the 
so powerful that the atmios- 
average much nearer the point of satufation 
ese circumstances doubtless contribute 


i 


Jamaica 
a native of the high table- 


land of South America, will not thrive under glass unless placed very 
near it; and if placed at a distance from it at which the pine-apple, a 
native of the same couiitry, but Hear the shoré, will grow robust, the 
potatoe will become pale and languid. 

Thesé facts aré too important to be omitted in explaining the prin- 
ciples by which the construction of hothouses ought to be regulated, 
and it will be found that those houses are the most perfectly suited 
to the cultivation of plants in which such principles have been most 
considered. : 

With regard to the means of supplying artificial heat, the old system 
of using brick flues is now rapidly being superseded by that of hot 
water. Brick flues occupy a large space; and are also lable to crack 
and emit sulphureous éffluvia to such an extent that the crops of early 
forcing fruits have often been entirely destroyed. These objections 
do not apply to hot-water pi) When once fitted up they require 
no repairs for many years; whereas the brick flues must be frequently 
broken up in order to clear out the soot. By hot water the distribu- 
tion of heat ean also be better regulated, and the whiformity of tem- 
pérature better maintained than by any other known means. The 
methods of heating by hot water are various. The oldest and perhaps 
the best for small houses is extremely simple, consisting of a boiler, 
and, at the further end of the house, a cistern on a level with the 
boiler. A pipe proceeding from near the top of the boiler, and com- 
municating with the cistern at the same level, conveys the heated 


spring | water slowly from the former to the latter. Another pipe, situated 


lower than the preceding, conducts the colder and consequently denser 
portion of the water from the cistern to the boiler. This is frequently 
called the return-pipe. A circulation is thus established in consequence 
of the hottest therefore the lightest portion of the water ascending, 
and di ing the colder in the upper pipe, which from its greater 
density tends to subside at the lowest level, which is in the lower or 
return pipe. Here it would remain stationary, but the fire com- 
municating with the water in the boiler, a few inches above the bottom 
of the latter, and the rarefied water in the boiler being unequal to the 
balancing of the colder and consequently denser portion in the return- 
pipe, a continual ingress from the latter takes place into the boiler. 

This extremely sitnple form of the hot-water system has received 
various modifications. Circulation has been obtained on the siphon 
principle, the pipes being elevated above the level of the boiler, and a 
vacuum being formed in them by pimping out or otherwise displacing 
the air, which is replaced by the water, so that a greater descent is 
afforded for the water in the return-pipe. Instead of large pipes, of about 
four inches in diameter, a number of small pipes hermetically closed 
have also been employed, and coils of such pipes have been inclosed in 
a furnace instead of a boiler; large extent of radiating surface is thus 
made to inclose a comparatively small quantity of water. As the water 
becomes heated, a degree of pressure ing with its expansion 
takes place; this, however, requires to be regulated by an e ion- 
tube to prevent explosion. Steam forced through pipes has also been 
extensively used as a heating agent. Such modes undoubtedly afford 
the means of raising the temperature more rapidly, and their appli- 
cation in some cases may be attended with advantage; but as the 
cooling, if the fuel be not supplied regularly, takes place in the same 
ratio of rapidity, it becomes a question whether a mode that produces 
a slow and lasting heat, or one that is rapid in its production and 
decline, is to be preferred. In order to solve this, it becomes necessary 
to take into consideration the progressive amount of heat which is 
required in hothouses relative to time. At noon, or soon after, the 
natural temperature of this climate is generally at the highest, and the 
temperature of the hothouse should also then be higher than at any 
other time of the day or night. The external temperature declines 
gradually till three or four A.M., when it reaches its minimum, of 
perhaps 50° below the noon eS cane The hothouse temperature 
should in like manner gradually decline, but only to the extent of 
between 5° and 10°. It is therefore evident that artificial heat must 
be increased, if well applied, so as exactly to make up the deficiency ; 
and it should by no means be allowed to have any more than one rise 
and fall in the course of twenty-four hours. By a rapidly heating 
apparatus, this is next to impossible; and independently of all other 
inconveniences, sudden changes of temperature are sure to affect the 
hygrometrical state of the air in the house, catising condensation and 
poo oa dryness, A slow but effective and lasting heating power is 
ther 


preferable. 
Only a very few modificatioris of the plan of heating by hot water 
uite to be adverted to in this place, Instead of the pipes runnin 


8 
te horizontally fromi the boiler to the cistern, they may be slightly 
dlevated towards the latter, which has the effect of conveying a greater 
proportion of the heat to the part of the house which is most remote 
from the boiler, The boiler must be so cotistructed and placed as to 
admit of the water contained in it being a little higher than the most 
elevated portion of the upper pipe. Flat pipes are sometimes employed 
as upper ones. As their transversé séction is a parallelogram, and as a 
circle contains more space than any other fi of equal perimeter, 
these flat pipes contain less water in proportion to their surface, ani 
consequently the water in them is sooner heated t6 its maximum ; but 
this, as previously shown, is no advantage, if in fact it be not a disad- 
vantage, since it cools so much sooner. 
With regard to a supply of moisture, the above hot-water system, in 


‘ 
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which the pipes are level, or nearly so, presents several advantages over 
other methods of heating. Tro: can be arranged along the whole 
length of the pipe, which, when with water, will uce a gentle 
but constant evaporation. Besides the supply from this source, a large 
1 egern A of steam may be safely introduced from the boiler, provided 

e violence of its ingress be a little broken by a perforated sheet of 
metal, or any similar contrivance. Another source of moisture is sup- 
plied by the reservoir, which, with moisture from the soil in which the 
plants are grown, and from the wetted floors, ought to _ the atmos- 
phere of the house sufficiently moist during the night. ¢ elasticity, 
however, of the vapour will be very great, icularly in cold nights 
when much fire-heat is required ; tf in such a state of the weather 
the condensation from the coldness of the glass will be increased. The 
atmosphere of the house is not only deprived of its moisture by this 
process, but a serious loss of heat by radiation from the glass takes 
place at the same time. This loss of heat and transmutation of 
moisture resulting from the radiation of the glass, although little 
attended to, demands the most serious care. It admits of no remedy 
but the interposition of some medium between the glass and cold sky ; 


and such substances as are the worst conductors of caloric, and which, 


will also keep the glass dry, are of course the best. A woollen net 
mounted on a roller, with pulleys attached, would have a very bene- 
ficial effect if closely covered by light wooden shutters or a tarpaulin. 
And as it has been proved that the rays of the sun are uently too 
powerful for hothouse vegetation, the netting would likewise be occa- 
— very useful as a e; and with this provision the roof cannot 
be too transparent, as previously stated. 

Tt has been shown that iron roofs occasion an obstruction of light to 
the extent of only one-third of that which takes place when wood is 
employed. The iron roofs are therefore preferable, although, apart 
from the greater original expense, there are still some objections to 
them. Formerly the chief objection was the breakage of glass likely to 
result from the expansion of the metal; but the severity of the frost in 
1838 has proved that this objection was groundless, for very little 

occurred in the iron roofs compared with what took place in 
wooden ones; and it may be fairly asserted that none whatever was 
broken from contraction of the metal ; nor can any breakage take place 
from its expansion if the glazing is performed in summer, or the glass 
cut so as to fit in with ease, or the panes made one-thousandth part of 
an inch less than the bed between the rebates of the bars in which 
they are placed. The principal remaining objection is that of the 
rapid abduction of heat. Plants never do thrive so well in the 
signer f of iron as in that of wood, and this is probably owing to 
the wood being a slower conductor of caloric. Supposing a bar of iron 
is heated to 100° by the sun's rays, and then syringed with water, it 
will instantly become very cold, in consequence of evaporation ; and if 
any plant be in contact with it, or nearly so, the juices will experience 
achill. In many instances, therefore, where plants require to be close 
to the glass, such as in propagating houses and pits, wood is certainly 
preferable to iron. Again, when a wide and also lofty house is to be 
glazed, iron is more proper; for besides the quantity of rays lost by 
reflection of glass and obstruction from rafters, those that do pass into 
the interior are so weakened, that when they reach vegetation remote 
from the glass they do not appear to be effective in performing the 
requisite functions in a perfect manner; but of course better when the 
roof is of iron than when wood is employed. 

Various modes of ventilation are in use, One which was considered 
a great improvement has not been found to be so,—namely, the having 
ventilators in front at the lower angle, and corresponding ones in the 
back wall near the top inside, communicating with the external air by 
means of openings in the south side of the parapet. Sometimes this 
mode appears to have little effect, and the temperature ascends too 
high, till the movement of a slight breeze outside causes instantly a 
rush of cold air. Ventilation should be so contrived as to be suffi- 
poses effective in preventing excess of heat; but at the same time it 
should be perfectly at command, so that it may be employed when 
requisite in the most limited degree. No method should be finall 
adopted until it is put to the test by trying whether, under any agi- 
tation of the external air, a candle will burn steadily inside if placed 
Hear the apertures by which the air is admitted. 

In all forcing-houses tanks should be placed for supplying water of a 
temperature more suitable to the nature of the tation than that 
from a pump out of doors. Nothing can be more injurious than cold 
water applied to the roots and tops of tropical plants, or others in a 
forcing state under a high temperature, The rain and dews which 
supply the plants of warm climates cannot be much below the mean 
temperature of the climate; and if only equal to the minimum, still it 
would be between 20° and 30° above that of spring-water in Britain. 

To these general remarks upon the principles of constructing hot- 
houses, a few observations of detail require 7 added. Greenhouses 
and conservatories are commonly included in the appellation of hot- 
house. The only difference between them is, that fires are seldom 
used in the greenhouse unless in very severe weather, while the 
hothouse is constantly kept at a high temperature; but so far as the 
building is concerned, they may be considered as the same. A green- 
house is for keeping and growing the plants of temperate countries ; 
while a hothouse is used for forcing fruits, or for growing planta which 
are indigenous to tropical regions, Hothouses may be classéd under 


four different heads,—namely, the dry stove, the damp stove, the bark 
stove, and the forcing-house. : 

The dry stove, as the name implies, is used for the cultivation of 
plants which do not require much water; such as the different species, 
of Cacti, some Euphorbias, and other Succulents of like habits. The 


management of such a house is very simple, The temperature om 
the winter months should never exceed 55° of Fahr. No water shou 


ever be given at that period, unless the plants show signs of suffering 
treta Gens of it; indeed very little water should be given at any season, 
early in summer, 


will 
expecially with melonahapod Cacti, athe water lodges in then 
, an 


Instead of bei 

always excessively humid, except in the winter season, when the sky 
is pote sche , and the sun’s rays weak. Various methods are 
adopted to keep the atmosphere in this saturated state. When the 


flue. With the exception of a few months in winter, 


syringed twice every day. This is indi le 


larly looked over, tied up, and kept clear of each other ; elevating some, 
depressing others, and giving the whole not only enough of room but 
also a natural appearance. e temperature of this stove, like that of 


but this must 
should never be 


above the level of the floor of the house; but this depends chiefly 
upon the height of the roof and the object in view. In smaller houses 
no space is left for a , and the inside is entirely occupied by the 
ad The pit is filled with bark (commonly called tan, from its having 


less deep as prudence ma; 
, before 

in that case the roots are very liable to be burned; the better way is 
to plunge the pots only about one-third at first, and deeper afterwards. 


added ; and whenever a new bed is made, a little of the old tan should 
always be mixed with the new. This stove is heated independently of 
the bark, of which the principal use is to warm the roots of the plants. 
A bark bed is found useful in the cultivation of all those kinds of 
plants which are grown in the damp stove; orchidaceous grain for 
example, succeed admirably in this way, The treatment of it, so far 
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and syringing are concerned, is precisely 


are merely damp stoves of different dimensions, for the cultivation o: 
those different a . 

The only other ouse distinct from those already noticed is the 
forcing-house. The treatment which this requires is essentially different 
any which has been described, the object being not merely to grow 
the plants, or to make them produce flowers, but to obtain fruit, and 
that too at particular seasons. [Forcrna.] 

cence ayo are peculiarly liable to the attacks of insects, and 
unless and constantly attended to, these little depredators do 
a yast deal of mischief. The most common kinds are the (reen-fly, 
Thrips, Red-spider, Brown-scale, and M . The first of these is 
easily conquered by fumigating the house with tobacco, or syringi 

lants 


: 


the flowers of sulphur shaken upon the leaves will also destroy 
The brown-scale and mealy-bug are the worst of all that infest 
Bruised laurel leaves strewed upon the passages 
of the house are said to destroy them, but these must 
with great caution, as they may not only kill the insects, but 
themselves. Various other substances are said to destroy 
best and surest remedy is to wash them off. 
i t where these little intruders are 
umerous, but are once clean, it is an easy matter with 
tion and diligence, to keep them so. 
flued walls are constructed in cold countries, 
ing warmth to trees inst them, so as 
of frost in autumn, when the wood and buds 
are , and in spring, when the blossoms and leaves are unfolding. 
If hot-walls are used for these are productive of 


weee eres 1 
ee 
ELEPeee ee 

Foe 

eFe 
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of the surface of the wall, and the consequent liability of the heat to be 
idly as it is generated, either in consequence of wet 
causing evaporation, by which the bricks themselves are cooled, or by 
prevent accumulation of warm air 
forward pain tees cements bet Aeteg Mhe 
vi m i ; but in pro nm to ti 
extraordinary queen will be the check from subsequent 
chilling blasts which this variable climate is so subject to in the early 
part of the Besides the dissipation of heat on the south side 
an equal, if not a greater portion, is radi from the north side of the 
where it may be said to be entirely lost. It is therefore evident 
expensive, hot-walls are not to be recom- 
purpose of rendering a little assistance 
ao off the effects of 
in 
One furnace is allowed for heating about 40 feet of wall, that is, 20 
feet on each side of the place where the fire is situated. The flues 
on either side are made to take four courses, or two returns; the first 
ar ie kote Aa ee 


w the coping. An improvement consists in admitting. 
means of a register, a 
course 


rtion of the heat directly from the furnace into 
flues. A thick double woollen netting ought to 
be provided for the protection of the plants on the wall, and so attached 
to rollers as to be easily rolled up in fine weather, and let down at 
Lie Mae a close-fitting wooden coping, projecting at least 
, in a great measure, obstruct fe radiation of heat, By 
means very of cherries have been obtained at an 
of the season ; as this species of fruit is precarious to 
ily tar foes eto tes oes torn ior een oe beens 
may be very properly set apart for such an object. 
Instead of flues, hot-water might be introduced into the cavity 
of a common hollow wall, a little above the level of the border. One 
Se cone were ae sememen a roe of wall, the 
being placed at the back of the wall, and having an upper and 
100 feet each way. If, as sometimes happens, a 
front of a hot-wall, a hot-water pipe should be 
to pass along in frorit of the trees, about two feet from the wall, 
and the return-pipe only might be placed in the cavity of the wall. 
A great saving of fuel would be the consequence of such an arrange- 


evedty toeth' pact fa ee es ME ~< word always 
e twenty-fourth of a day, by what revolution soever the 
day ‘nay be measured. [Tre. in angular measure [ANGLE] it 


signifies the twenty-fourth part of a complete revolution, or 15°. 
the two poles 


circle on the sphete which 
is aks hour-circle, because the re ory hope tag known when 
that circle of the kind mentioned is ascertained upon which the sun is 
for the time being But the two semicircles into which the poles 
divide such a belong to different hours, and are twelve hours 
asunder. In fact, it is a semi-circle which is spoken of under the term 
hour-circle. [Spnere, Docrrine or.] 


The hour-lines of a sun-dial are the lines on which the shadow falls at 
different hours, and are the intersections of the hour-circles with the 
plane of the sun-dial. In the times preceding the common use of clocks, 
the science of dialling was of considerable importance, and many works 
were written on the subject, in which the forms of such instruments 
were varied without end, and also the methods of constructing them. 
One work even announces “a new conceit of reflecting the sunne 
beames upon a diall, contrived on a plane which the direct beames can 
never shine upon.” In the rest of this article we propose to show how 
to construct any plane sun-dial, or rather how to calculate the hour-lines 
for it by means of spherical trigonometry. A maker of sun-dials should 
form a table for every species of dial which he wishes to construct, 
once for all. 

Firstly, suppose the dial to be perpendicular to the meridian, which 
is the case in the horizontal sun-dial and in the vertical south sun-dial. 
In this case the line drawn through the dial, in a vertical east and west 
plane, must be horizontal. The style of the sun-dial is of course to point 
towards one of the poles. Let o be the centre of the globe, and of 
SEN the circle on which the dial is to be drawn, and let s PN be the 
meridian, P being the north pole. Then at noon the shadow of the 
style (a portion of the line oP) ison oN. Let the position of the sun 
in the afternoon be in the plane of the hour-circle APB, and let the 
real solar time be h (hours or minutes), and turn fA into degrees, &c., 
at the rate of 15° to an hour of time. Let H be the angle thus 


obtained. Let a be the angle by which the plane of the dial is to dip 
below the horizontal plane, and / the latitude of the place, Then in 
the rea spherical triangle PN B, the side PN or PC —NC is l—a. 
and the angle BPN (=SPA) is H. But ‘NB (answering to the angle 
NOB) is the angle made by oB, the hour-line wanted, with oN, the 
noon hour-line : let it be called n’, And by the properties of right- 
angled spherical triangles, 
tan H’=tan H x sin (/—a) ; 


from which ’ may be calculated for as many values of as may be 
; , If the dial be horizontal (the most common case) we have 
a=0 


tan H’=tan H sin /; 


by | and if the north side of the dial dip instead of the south, by an angle a, 


the formula is 
tan H’=tan H sin (/+<a), 


In the case of a vertical south sun-dial, in which the style must point 
towards the south pole, we have 


tan H’=tan H x cos J. 


Secondly, su the dial to be not perpendicular to the meridian. 
In that case the circle spN, perpendicular to the dial, is not the 
meridian, and it must be ascertained what angle it makes with the 

idian, and thence, what hour-line is on, is being found, the 
dial is constructed in the same manner as before, and the hour-lines 
follow the same law, with this exception, that the preceding formula 
does not measure the from the twelve o’clock hour-line, but 
from some other. It is not worth while to pursue'this case further. , ” 

HOUSE. The buildings erected for the habitation of well-to-do 
private citizens, and occasionally those intended to shelter animals, or 
to receive particular descriptions of machinery, are generically known 
by the name of houses, in contradistinction to palaces and mansions (or 
the habitations of rulers in the land), and to huts, or hovels, and 
caverns, in which the very poor or the uneivilised seek protection from 
the inclemencies of the atmosphere. As the construction of houses 
must depend upon the local conditions of climate, of the materials 
used, and of the state of civilisation which at the period of 
their erection, it follows that the varieties of house construction must 
be infinite ; and it will, therefore, be advisable to limit the observations 
to be made on the subject to the practice which has prevailed in the 
most distinctly marked countries, or periods, of ancient or of modern 
times, in this branch of architecture. 

It appears, from Sir G, Wilkinson’s ‘Manners and Customs of the 
Ancient Egyptians,’ that the houses of that country, and very probably. 


77 


HOUSE. 


HOUSE. 


those of all the earlier nations of the East, were erected u ge 
the same plans as were subsequently followed by the Greeks 
Romans, in the cases at least of the town residences of the wealthy 
citizens. They were usually composed of a forecourt, from 
the street by a wall, and containing a few trees, a tank, or a fountain 
in the centre. Doors from this court into a reception room, 
wherein the master of the house received strangers, and into passages 
leading on the right and the left to the dwelling rooms or the offices. 
In some instances it would that there were two, or even three, 
stories; but as a general rule tian houses consisted only of a 
ground floor, with a few rooms of inconsiderable size, and more like 
summer houses than dwe apartments, upon the level of the 
terrace which usually covered the building. The doors and windows 
were closed with wood panels on hinges ; the walls were constructed of 
crude unburnt bricks, and they were carefully stuccoed with the 
mouldings, pilasters, and cornices of the door Tiemings executed in 
that material and painted to look like stone ; the floors were either of 
stone or of a species of mortar, and the roofs were made of wood 
beams covered with planks, or occasionally of brick, or even of stone, 
vaulting. In the houses of two or more stories, the rooms upon the 
ground floor were used as store rooms, and those upon the upper floors 
were used as bed rooms or as living rooms. 

The houses of Athens of the time of the republic are described as 
having consisted of a forecourt, or a portico, at the bottom of which 
was the entrance to the dwelling rooms, and these were divided into 
two compartments or stories, the lower one for the men, the upper one 
for the women. In the houses erected in Greece at the period of the 
Roman dominion, however, the distribution seems to have been more 
complicated; and, from the researches of Sir W. Gell, it may be 
inferred that the plan then adopted was nearly as follows :—A court 
surrounded by a peristyle was entered, either directly from the street, 
or through a passage between the stables or offices. From this court 
access was obtained through the Prostas to the Thalamus or Antitha- 
lamus, where the women worked, and to the Oicos, or the great dining 
room, around which were arranged the hospitalia, or strangers’ rooms. 
The sleeping apartments of the women were on the upper floor, and 
they were approached by a staircase, in such a manner as to separate 
the gyneconitis effectually from the rest of the house when required. 
Even to a very recent period of the Grecian history the houses seem to 
have been constructed entirely of wood, with the exception of the roof 
covering of tiles; for it is to be observed, that the Oriental system of 
terminating the houses by a terrace was not habitually adopted in 
Greece, where the atm ere was more © to sudden variations, 
and was at all times less than that of Asia Minor or of Africa. 

When Rome had rendered herself mistress of the ancient world, and 
her citizens began to indulge the monstrous luxury which characterised 
the later days of the Roman civilisation, the style of papery | 
participated in the changes introduced in the manners and customs o' 
the nation. There are no remains of the private residences of the 
Romans of the period anterior to the close of the third Punic war; 
but, from passages in Pliny and Vitruvius, it would appear that they 
were constructed in a very simple manner, and of rude and perishable 
materials. The walls were built of unburnt bricks, and were only of 
one story in height; the roofs were of wood, and covered with reeds 
or thatch; and, as might have been expected under such circumstances, 
whenever a fire did occur, the destruction of whole quarters of the 
town necessarily followed. During the later days of the blic, and, 
in fact, so long as the Roman empire lasted, the style of house con- 
struction, for the purposes of the wealthy portions of that strange 
society, was affected by the awful excess of Sg | amongst the higher 
classes attendant upon the social organisation of the heathen world ; 


and we consequently find that the residences of the rich were built | th 


with every imaginable refinement, while those of the poor continued to 
be as rude and as perishable as they were in the earlier periods of 
Roman history. In the first part of Mazois’ ‘ Ruines de Pompéi,’ Paris, 
1824, folio, the reader will find an elaborate treatise on the habitations 
of the ancient Romans, with some interesting plans of houses, copied 
either from the relics of the most perfect remains still to be found in 
Italy, or from the sculptured plan of Rome, executed in the time of 
Septimus Severus, now existing in the Vatican; and he also gives a 
sketch of the original Latin dwelling, of which a reduced copy is 
appended by way of contrast. Of course the circumstances of the 


respective building would lead to modifications of the details of 
the normal pediohagied by the Roman architects; but it may sitffice 


to observe that, wherever it was possible 
enumerated upon the subjoined plan were in 
Pansa, discovered in the ruins of Pompeii, 
type of the domestic architecture of the 


in one of the favourite Italian provinces at | 


In this plan, the entrance from the street takes place 
sapracay White the was stationed, ore 7 
ediately facing the 


between the shops (w w) imm 
Saeed oF not with the main building, as might be desired. 


and 
prothyrum the clients, or visitors, of the proprietors passed at once > 


e galleries, [ArRruxt. 


some small reception rooms (e) for business visitors ; and ee tel; : 


members of the family, to the store closets, to the 
hold gods, and to the triclinia, or private 
the rear of Pansa’s house, a 


The shops, if we may judge from 
of the staircases, contained +06 tickind ; but — I 
building was yy Ay the same level throughout. The mater 
employed were of most costly description, and painting, scul f 
mosaic, marbles, inlaid woods, &c.,were used with peerage i- ’ 


ral hope coped ty th temps ofthe pnp eet ah 
was 


age 


to the public or official duties of the proprietor, and the other to 


period of transition from the ancient the 
modern social organisation, the traditions of Roman art continued to 


the analogous of the Roman villas ; nor un | 
the feudal ayatem had driven the inhabitants of towns to enter | 
combination for miitual defence, capable 6! é free | 
the towns, that an like domestic display . 


As migh 
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Romans had passed more thoroughly into the spirit of the nation than 
it had bad in the north; and we accordingly find that the earliest 
specimens of medieval house-architecture are to be met with in Italy, 
een ee in the south of France. Some of be ag and rye best, 
specim ens of this phase of art are to be found in the town o: uny, 
in the Department of the Soane et Loire, and in Florence, Pisa, &c. A 
northern Italy, where the houses though built in a sufficiently solid 
manner to enable their proprietors to resist a sudden attack, were 
eyidently more adapted to the requirements of the civil life of modern 
societies than the immense dwellings of the ancient Romans could, by 
any possibility, have been made. In proportion as the middle classes 
rose into power and influence, the domestic architecture of Europe 
also assumed importance; and indeed it may be received as a general 
Jaw that house building, in the meaning we usually apply to the word, 
owes its origin in a secondary sense, to the development of the 
municipal institutions which brought those classes into power at the 
dawn of modern civilisation. About the 12th and 13th centuries 
Venice, the Hanse towns, and the numerous cities of Flanders attained 
the of their glory; and the numerous beautiful houses of that 
perion may still be referred to with admiration, though of course the 
improvements in the means and sealers of domestic life have 
rendered the domestic architecture of thi  pertovier period inapplicable 
at the present day. The primary law of the 
architecture will be alluded to in the sequel. 
In fact, we may observe, the defective state of the municipal 
organisation of the middle ages in all that relates to the police, to the 
water supply, paving, and lighting, and the relatively sizes of the 
wns, compared with those of modern times, rendered some details 
in the disposition of houses indispensable, or at least not objectionable, 
which would not now be tolerated. Thus for instance, the b t 
of the houses were necessarily built in a substantial manner in order to 
resist sudden attacks by thieves; the shops, stables, magazines were 
established on the ground floors, and too often actually on the ground’; 
in the narrow-confined court-yards were placed the cesspools, and the 
‘well; and as may still be seen in the old houses of Bruges, Rouen, &c., 
access was gained to the upper stories by means of narrow, dark, 
spiral staircases. The fiscal regulations of the various states seem to 
have led in some cases to peculiarities in the selection of the building 
materials employed; as for instance when the Dukes of Normandy 
levied an octroi on stone, the inhabitants of Caen and Rouen adopted 
the use of wood ; and, at a more recent period still when, during the 
reign of Louis XIV. an ordonnance of the police limited the height of 
stone walls facing upon a street, the system of wood roots phan with 
lead or slate, known as the Mansard roofs, was adopted. It is to be 
observed that the houses built during the middle ages very rarely had 
walls, and that, like the houses in the modern Dutch towns, each 
plata: i a,  mifre spelevcre. pie these circumstances the 
itecture particular house greater scope for originality ; 
and, as in the majority of cases the gable ends of the house face the 
street, there is usually a very varied and picturesque sky outline in 
the towns of the period thus referred to. The interiors of the houses 
were, however, very rude, and we should now say, very uncomfortable. 
ilings were not known, the upper floors were roughly executed with 
wide nailed upon square beams; and Erasmus even tells a sad 
eof the filth and abominations the floors were made to support. 
The windows were not always glazed; those of the shops especially 
ps; Beg 14 by day and closed by shutters at night, (just as the 
indows in ; e Lape AS Spain, me less civilised age are at the 
present whi iron seryed to protect the openi 
i By signs swung over every shop, and the 


development of domestic 


” 


water from Foe s00%8 was poured directly into the street through 
grotesque gargoyles. 
An part ag law with to the development of the intimate 


paeeece of geineiienl peinceples may be derived from the history of 
use or of domestic itecture, namely, that precisely in proportion 
as the individual feeling, so to speak, of the members of society was 
able to cast aside the trammels of the social tyranny inherent to the 
political organisations of the ancient world, so were the moderns able 
to develope a form of art which can hardly be said to have existed 
at @ period when the only classes were the masters and the slaves, and 
personal liberty of action was sacrificed to the interest or to the 
political of the state. Thus, in Greece and Rome we find that 
palaces of the wealthy were replete with every description of 
luxury, and that they were built in a manner sufficiently solid to last 
to the present day; whilst hardly a trace can be discovered of the 
dwellings of the middle classes, or of the poor. During the middle 
ages, the feeling of individual responsibility which is the key-note, as 
it were, of our modern civilisation, was gradually developing itself ; 
andrwhen the Reformation of the 15th century brought that feeling 
home to its partisans and enemies alike, all the slumbering energies of 
our race were urged into the feverish activity which is still carrying us 
onwards, Domestic architecture, like every other branch of art, par- 
pe Sy in the movement; and it is from the middle of the 16th 
cen’ that we may date the greatest improvements of this branch of 
arta. The houses of the period of our Elizabeth, of Henri IV., of 
early days of the Dutch republic, were as distinctly in advance of 
ienrenaa and rudely constructed houses of the antecedent 
iods in their arrangements, as the best modern houses are 


in advance of them; and it is to be observed that the esthetical 
character of the buildings then erected began to assume the personality 
of the artists, and to reflect the tastes, feelings, and modes of thought 
of the parties erecting them. No doubt the houses of antiquity and 
of the middle ages were in accordance with the spirit of their times, 
but that spirit was a national, a political, or a theocratic spirit, no wise 
a personal one; nor was it until the period of the Reformation that 
the style of art which gave rise to the dwellings of such towns as 
London, Paris, and Berlin, or Munich, can be said to have arisen. And 
it may also be observed that the peculiar expression of the art in every 
country of modern Europe may be connected with its: social and 
political constitution; and that they who know how to observe, may 
easily trace the influence of national laws and national faith in every 
detail of house architecture in nations possessing a decided autonomy. 

Without dwelling on this abstruse question, it may. suffice here to 
say that the modern houses of the civilised nations of Europe and 
America may be divided inte two classes, namely, those which are 
specially intended to receive one family only, and those which comprise 
several distinct residences under the same roof. Unquestionably the 
former class of houses is for many reasons superior to the latter, so far 
as regards the comfort of the inhabitants, and, it may be more than 
suspected, as regards its influence upon the general tone of morals, for 
the love of home can hardly co-exist with life in a kind of common 
hive; but at the same time, the larger houses which it is necessary to 
build for the second class admit of a bolder and more ornate style of 
handling, and of the introduction of a more palatial character. It thus 
happens that the houses of England and of Holland, where the first 
class of houses prevails, are deficient in grandeur of external character ; 
and that those of France, Germany, and Italy, where the second class 
prevails, in the large towns at least, are so much more imposing. 

It would be impossible in a short article to trace the rules which are 
usually adopted in the construction of either of these classes of houses 
with respect to their interior details; because the requirements of the 
tenants, their occupations, and their conditions of fortune, necessarily 
introduce an endless variety ; and, moreover, the modifications of 
climate itself render it necessary to adopt different arrangements in 
one country from those which would prevail in another. There are, 
however, some invariable rules to be observed in all good house-building, 
which may be briefly stated as follows :— 

1. The external walls must be constructed of such materials, and of 
such thicknesses, as to protect the dwellers in the houses from the 
inclemencies of the external atmosphere, and from the noise of the 
streets, if possible, when the houses are built in towns. Precautions 
must be taken to prevent damp from rising in the walls by the capil- 
lary action of their materials, and to prevent the communication of 
fire from house to house. None but the densest and most impermeable 
bricks or stones should be employed in the external walls of town 
dwellings, and the most decidedly hydraulic limes should be used in 
connection with them. In country districts the old half-timbered 
houses may be tolerated ; but neither they nor the cob-walled houses 
are desirable : in order to keep the walls dry, the eaves of the roof 
must be continued downwards beyond the top of the wall and pro- 
jected from it, As far as possible, the openings for doors and windows 
should be immediately over one another; and it is desirable to avoid 
constructing a fire-place or flue in an external wall. 

2. The materials used in the interior works of houses should be of a 
partially absorbent and non-conducting nature in cold damp climates ; 
but in warm dry climates, on the contrary, the denser and more 
rapidly conducting materials may be used. The openings made for the 
sake of light should be filled in with the most transparent, but also the 
least diathermal, glass. As far as it is possible to secure that arrange- 
ment, the openings for air and ventilation should be made in the walls 
exposed to the direct action of the sun’s rays; and windows looking 
towards the north should be avoided, unless it be in tropical countries. 

3. The sizes and number of rooms in houses must be regulated by 
the social condition and the number_of members of the families 
inhabiting them, with this simple rule, which-is applicable to them all, 
—namely, that in the sleeping apartments, not especially provided with 
apparatus for producing artificial ventilation, a cubical capacity of not 
less than 700 feet should be provided for each person. It cannot, 
however, be too often repeated, that no sleeping room ought to be 
constructed without some provision for the renewal of the air affected 
by respiration; and, therefore, if there should be no fireplace in the 
room, ventilators must be provided. As a general rule, also, no 
sleeping rooms should be constructed in the roofs of houses, because 
the materials of which the latter are composed are not usually able to 
resist the effects of variations of temperature. In the best houses, the 
kitchens, sculleries, and offices are detached from the living rooms; 
though in London, and indeed in the majority of English towns, they 
are commonly placed in the basements, care being taken to prevent the 
smell of the cookery from pervading the house. Under all cireum- 
stances, the water-closets, or other analogous conveniences, must be 
erected in such parts of the building as te allow of their having free 
communication with the external air. Wherever basements are used 
for dwelling purposes, they ong to be constructed so as to leave at 
least one-third of their height above the ground-line, and to present a 
clear space in front of the external walls equal at least to the depth og 
the floor-line from the ground-level. The floor, whether of wood or o¢ 
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stone, should be laid hollow, and an efficient ventilation be established 
under it. A clear space, or back yard, equal in area to the house itself, 
ought to be ate to all town dwellings. 

+ 4. The old classification adopted in the metropolis, by which houses 
were grouped as Ist, 2nd, and 3rd rate houses, presented some advan- 
tages, at least for descriptive purposes; and as the minimum dimen- 
sions of rooms adapted to the respective rates have been settled with a 
tolerable degree of accuracy, they are appended ; as memoranda, rather 
than as rules, 

a. The poorer descriptions of Ist rate houses had front sitting-rooms 
15 feet it: by 14 feet long, by 10 feet high ; passages, 5 feet wide; 
well-hole for staircase, 6 feet 2 inches wide; back rooms, 18 feet 9 
inches wide, by 14 feet 3 inches long; in all cases clear of’ walls 
or partitions of any kind. The basements were made 8 feet clear 
height; the bed-rooms about 9 feet high. 

6. The poorer descriptions of 2nd rate houses had front rooms 13 
feet wide, by 13 feet 6 inches long, by 9 feet high i 3, 4 feet 
3 inches wide; well-holes 5 feet 4 inches wide : rooms, 13 feet 
6 inches long, by 12 feet 6 inches wide. The basements were made 
about 7 feet 6 inches high; the bed-rooms from 8 feet to 8 feet 6 
inches high. 

ec. The poorer descriptions of 3rd rate houses were made with front 
rooms 10 feet 9 inches wide, by 11 feet long, by 8 feet high; lobbies, 
3 feet wide yore | to staircase, in the middle of the houses, 2 feet 
9 inches wide ; and back rooms the whole width of the house by about 
10 feet 6 inches deep. The bed-rooms were made from 6 feet. 6 
inches to 7 feet high. 

. pias hd ™, bt to add ad in towns, Ps would be yet to 
make width of alleys (or the passages for foot-passengers ), not 
less than 15 feet ; dad's limit the height of the houses to the same 
dimension, measuring from the ground line to the top of the wall-plate 
of the roof, when the ridge is parallel to the front; or to the top of the 
parapet, if the roof be made in the form known as a hipped Y roof. 

When, however, houses face upon streets in a continuous line, the 
height may be made equal to the clear space between the front walls on 
the opposite sides ; but as in case of fire it is difficult to force water to 
a greater height than 70 feet, it may be suspected that the above limit 
(namely, 70 feet), ought to be adopted for private residences, The 
width of streets, of course, will be regulated by the amount of traffic 
they are likely to receive, but it may be said to range between’ 40 and 
80 feet, including the footpaths. 

HOUSEBREAKING. [Law, Crormyat. 

HOUSE OF CORRECTION. [Prisoyn.]’ 

HOWITZER, a piece of ordnance which is constructed to throw 
shot and shell of a large calibre at short ranges. The gun being com- 
paratively very light, the charge of powder is small, and consequently 
the angle of elevation required is high, It may be considered interme- 
diate between the gun and the mortar; though it is mounted on a gun- 
carriage. It derives its name from the German word haiifen, “ to fill.” 
The name perhaps did not at first indicate a distinct species of ord- 
nance, but was applied to any gun filled or charged with slugs or case- 
shot. Short guns for the discharge of shells were wen in Italy 
in 1618; but they do not appear to have been introduced into 
France till 1683, about which time they were also adopted in the 
British service. Howitzers are made of brass and iron; the former 
forming a portion of field-batteries, the latter of siege-trains and 
garrison artillery. The brass howitzers are denominated 24-pounders, 
12-pounders, 5h-inch, and 43-inch, from the weight of the round shot 
which they will carry, and the diameters of the shells di 
from them. The iron howitzers are the 8-inch and 10-inch. Their 
lengths are ively :— 

Tron, 5 feet, and 4 feet. 

Brass, 4 feet 9 inches, 3 feet 9 inches, 2 feet 8 inches, and 1 foot 

11 inches. 
The fire of shells from brass howitzers in the field is found very 
effective against villages, stockades, palisades, &c, The iron howitzers 
are used in ee pee for Ricocuer. 

The modern shell guns [OrpNANCE] are a description of howitzer. 

HUE AND CRY was the old common-law process of pursuing with 
horn and voice all felons and such as had dangerously wounded 
another, 

Though the term has I Benak A namo! disuse, the 
process is still ised by the law of England as a means of arresting 


felons without the warrant of a justice of the peace. Hue and Cry’ 


may be raised either by the precept of a justice of the peace, or by a 
private person who knows of the felony; who should acquaint the 
constable of the vill with the circumstances and the person of the 
felon; though, if the constable is absent, hue and cry may be made 
without licence. When hue and cry is raised, all persons, as well 
cqnstables as others, are bound to join in the pursuit and assist in the 

of the felon. A constable also who has a warrant against a 
fi may follow him by hue and ery into a different county from that 
in which the warrant was Egress , Without having the warrant backed, 


HUGUENOTS was the name given to the 
Reformed or Calvistst ipliaioe ta Seanad, The 
been variously accounted for. It is said to 
German word “ Eidgenossen ” (‘‘ bound together 
the name assumed by the confederate cantons 
which was afterwards adopted those citizens 
promoted the alliance of that republic with the can 
and Bern, in opposition to the partisans of the duke of 
unk eects ee pened Hanae sarap first into 
transferred into the », Was CO 
and lastly Huguenots. (Bérenger, ‘ Histoire de 
said to have been derived from the early meetings ha 
a heath near Tours, haunted by the ghost of Hugo Capet. 
Reformation began at Geneva, the party which favoured 
great ieee the a had su ~e 
retain appellation of Eguenots, or Huguenots, as 
por pr A ders ibe serdar ag the were connected wit 
witzerland, and especially Geneva, name spread into , 
and was applied to the partisans of religious eget. 1 the tin 
of religious war and persecution. The Roman Catholics the 
‘of Huguenots as a word of reproach against heretics. The word 
obsolete, and has been replaced by that of “ Réformés,” which is 
chiefly to the disciples of Calvin, while the more general 
Protestants includes the Lutherans. The war and persecutions 
Huguenots are matters of history, but aes account of those 
Calvinistic branch has been given by Dr. G. De Félice, in his ‘ Hi 
des Protestants de France depuis l'origine de la Reformation jusq j 
le temp resent,’ 1850, of which there is more than one Englisht ransla- : 
tion; ‘De l’etat des Protestants en France,’ 
Merle d’Aubigné’s ‘ History of the Reformation in 
1835, &e. . 
HUMIC ACID. {cx.] 2 
HUMIDITY is that property of a substance by 
municates to a pe | in contact with it some of a liquid 
have absorbed ; an 


.. 
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The bustiaity of the stimowptiare te caseed fn’ p-sek aemeners eae q 
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of the 

uantity of moisture which a volume of air is le of conte 5 
Saati san thes webeaied ten the latter is low at any part 
the earth’s surface, the air may be saturated with moisture so as to be 4 
incapable of holding any more, but the quantity of moisture in a given ‘ 
volume will then be small. If the temperature be increased, the 
atmosphere, becoming thereby comparatively dry, acquires immediately 
the power of receiving more vapour, and the power increases with the 
temperature, so that, in a given volume of air, the quantity which ~ 
consists with the state of saturation is also increased. be 
quantity of vapour which constitutes the state of saturation, if the 
temperature be suddenly lowered, or if there be eee a body - 
which has an affinity for water, a ag deo of the takes place, 
or water becomes absorbed in the ly. [Dew; Evaporation; 
Hycrometry; Raw.) 
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ascend in the atmosphere to a region where, the dryness being : 
they are readily dissipated. On the contrary, when the ps) 
column diminishes in length, the clouds descend; and arriving near the 
earth, they enter a region in which the atmosphere is at or near the 
state of saturation; when, consequently, the vapours are easily precipi-_ 
tated. Biot observes, on this subject, that the descent of the 1 
is a more certain prognostication of rain than its ascent is of 
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and rain 
above its 


id from the evaporation of liquids 
ry artificial means, In establishments for , dyeing, pe the 
ike pr , the vapours produced from liquids are 


with aqueous vapour ; 


The ers are justified in breaking the outer dour of the h 
where the offender actually is, and are not liable to any punishment or 
suit if it should that the hue and cry was im rly raised, 
but the the hue and cry wantonly and ously may 
be severely punished as a disturber of the public peace, 


in a state of ebullition rise in the atmosphere, and even render it 
opaque. The breathing of men and animals produces a vapour 
which renders the atmosphere humid; and when a number of persons 


are assembled in a close apartment the humidity is sometimes so great 
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of two 
ed it, and 


t the same degree of moisture as soil at the d 
inches from the surface in summer weather, he wei 
found that it had lost one-tw 


thus 3 while cords made of animal su ces become 
relaxed by humidity and increase in length. Most salts absorb water, 
and increase in weight. 


A product of the decomposition by hea’ 


melted and + Ay Seek Shaman eats gpg Sega Fa 
with considera) le intumescence, into ammonia and a brown vesicular 


giving with the latter a deep red-coloured solution. With the alkalies 
forms saffron-yellow coloured solutions, which give dark brown pre- 
cipitates with the salts of and lead. When humopinic acid is 
boiled for some length of in water, it becomes ;insoluble in 
ammonia, and, when added to potash or alcohol,a blackish brown 
remains undissolved, which is probably humin. Its com- 
has not been determined with certainty. 

HUMULUS LUPULUS, MEDICAL PROPERTIES OF, [Hors.] 
HUMUS. [Gzt. 


HUND: . ] 
URT. [Courrts.] 
AvorrDUPOIs ; WEIGHTS AND MEASURES.] 
HUNS, ee name given by historians to several nomadic 


beyo 
lains between the Volga and the Tanais, and as 

the Caucasus, where they remained for more 
centuries, Under the emperor Valens, they first crossed the 
Cimmerian Bosporus, drove before them ee eens el Sere, 


| 
: 
| 
: 


as 

savage in the extreme, 

A escription of their features seems to correspo! 
with that of the present day, 

now on the frontiers of the empire, had frequent wars with the 
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ungarians, or Magyars, come from a different and much 
immigration. The Huns are mentioned in subsequent history as 
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. After that their name is no 


a ggrenbels gens Des Guignes, ‘ Histoire des Huns.’) 
RIN. An acrid non-azotised crystallisable substance obtained 
from the juice of the Hura crepitans, 


HUSB. 4 © eg eps SEPARATION, JUDICIAL ; Wire. | 
HUSBANDRY. The origin of the sim; arts of life is involved 
in the obscurity which envelopes the early hi of the human race, 
Before there can be any motives to record events, some considerable 
progress must have been made in civilisation. When attention is 
og eliny gs: Sataemmapa Sige means of subsistence, there is 

leisure ; nor is there any great desire to communicate the know- 

ARTS AND SCI, DIV. VOL. IV, 


ledge acquired by experience, Warlike achievements are the first 
ne recorded; and the peaceful labours of the husbandman are 

jooked. In the fables which in the early ages of the world 
supplied the place of authentic histories, some conspicuous character 
was always made the inventor of the various arts of which the origin 
was unknown ; and to such personage .a divine origin was frequently 
ascribed. Thus Cadmus is said to have invented letters, and Tripto- 
lemus to have made the first plough. 

In the oldest writings which have been handed down to us, the 
common operations of husbandry are mentioned, or alluded to, in 
nearly the same terms in which we should describe them now—the 
same implements were then in use,fand the same productions raised 
which are now found in the same climates: but they are only men- 
tioned incidentally. It requires a very advanced state of the arts and 
of literature to produce a treatise on any one practical subject ex- 
clusively ; and the simpler and more common the arts, the less they 
are noticed in the early literature of a nation, We have, however, no 
other means of tracing the progress of husbandry than by the works of 
those who have written on the subject, until we come to our own 
times, when everything is noted and commented on, and every one who 
makes any discovery or improvement is anxious that the public should 
be acquainted with it. We have already mentioned some of the early 
Greek authors [ARaABLE-Lanp], and likewise some of the Latin authors 
most generally known as having treated of husbandry in general. 
(‘De Re Rustica’) From these authors we learn that considerable 
progress had been made in the tillage of the ground and in the breed- 
ing and rearing of domestic animals : and it appears that wherever the 
Romans carried their victorious arms, they aoe introduced improved 
methods of cultivation. The practice of fallowing land, to restore 
its fertility, can be clearly traced to them. For a long time the 
Latin authors were the source from which all writers on husbandry 
derived their knowledge; and hence many useless and absurd 
rules, which were connected with the pagan superstition were 


Mediterranean Sea and the countries situated around it were ~ 
once the centre of all the arts, which had slowly travelled westward 
from Asia and from 3 and the colonies which the Greeks and 
Romans planted on the coasts of this sea, and in the countries 
which they conquered, contributed to diffuse a knowledge of the 
yarious products of the earth. The irruption of the barbarians into 
the Roman empire greatly checked the progress of husbandry; but 
the destruction of the Eastern empire, while it made the Greeks 

in civilisation, tended to introduce improvements into those 
countries where men of learning and science sought a refuge from the 
invaders. 
British Husbandry-—tThe husbandry of the aboriginal Britons was 
ete very imperfect before the invasion of Julius Cesar; but we 
ve no records to inform us. Rural matters were of too little import- 
ance in the eyes of conquerors to engage much of their attention, but 
the mildness of the climate and the general fertility of the country, 
induced many of the Romans to settle here; and from them 


y | the natives learned a better system of cultivation than that of their 


ancestors, 

As far as we can learn from ancient documents, the land in England 
formerly consisted chiefly of woods and of extensive ures, in which 
sheep and cattle were , which constituted the chief wealth, A 
very small nee of the soil was cultivated ; and while the popu- 
lation was thin, there was no difficulty in obtaining land which had 
never before been broken up, and which with little trouble or manuring 
o rgsin moderate crops of corn, But this system could not last long. 

e proprietors of land would soon perceive that the produce f 
off, and would uently restrict the breaking up of pastures, 
and thus more attention was necessarily paid to the arable lands in 
cultivation. 

Through the deficiency of the laws, or the difficulty of executing. 
them, and the frequent intestinal wars between the barons, depredations 
were often committed with impunity; and the cultivators of the soil 
en villages for mutual protection and defence. The best 

nearest to the habitations was cultivated, and the common pastures 
fed the cattle without much trouble or expense. The consequence of 
this system was, that very little manure was made, and the cultivated 
fields scarcely produced a return adequate to the expense of cultivation. 
Four times the seed was a full average for corn crops, and the land 
was overrun with weeds after a single crop. Hence it was not an 
uncommon practice to have a fallow every other year, and this was 
considered a superior system to having two crops between the fallows, 
which has been more common since, Wheat was very little cultivated ; 
barley, rye, and oats were the principal produce. 

The woods nourished many hogs on the acorns and beechmast 
which abounded there, and the right of turning hogs into the king’s 
forests was granted under the barbarous terms of mastagiwm and 
rootagium. 

The religious orders, to whom extensive grants of waste lands were 
made, greatly contributed to the improvement of agriculture. The 
monks, by their knowledge of Latin, were enabled to study the 
Roman authors on husbandry, and, by appl ing the rules and principles 
which they drew from that source, they greatly improved their estates, 
and made the land more productiye ; teaching and sneering their 
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themselves little trouble about — else, Bread made of rye, | 


very few in number, and rudely Ynade by the farmer himself; an iron 
ph share, an axe, and a ae 
. which he had to pay. 

Oxen, which could be kept on the common pastures at little expense, 
Were used for the plough; and so badly fed were they in general, that 
it required six oxen to draw a plough, which barely turned up half an 
acre in a Summer's day. These oxen consumed all the straw of the 
farm in winter, and little was left to make manure of. Horses carried’ 
the corn to the mill or market on their backs, the roads being mostly 
impassable for wheel-carriages, which indeed were unknown in many 
parts of the country, 

These iculars can only be gleaned out of various authors, who 
incidentally mention the state of the agricultural population, and from 
ancient deeds and documents. 

With the revival of letters, and especially with the invention of the 
art of Printing, greater attention began to be paid to rural affairs: but 
all the early English or foreign authors who touch on the subject of 
agriculture took their notions from the Latin writers De Re Rustica, 
and rather aoe should be done, than what really was done.j 

The first English author of any note who wrote on husbandry was 
Sir Antony Fitzherbert, who has by many been looked upon as the 
father of English husbandry. He published his ‘ Book of Husbandrie’ 
in 1523. This work throws considerable light on the state of the 
farmers in those days, who, with their wives and children, worked hard, 
and were little raised above the common labourers, except that they 
Were freemen. A yeoman who had land of his own was a very indepen- 
dent man ; but his mode of living was extremely plain, and he no 
luxuries. Money was seldom seen in his possession. He lived on the 
produce of his land, and fed his labourers at his own board. Wool was 
the principal article sold. The sheep were kept on extensive commons, 
at little expensé ; and in some places the folding of them on the land 
was the principal mode of recruiting it when exhausted. The great 
difficulty was to keep them alive in severe winters, and many perished 
every year. The only provender they had was hay; and as artificial 
grasses and turnips were unknown, natural meadows paid an enormous 
rent, when cofipared with arable land, For want of winter pro- 
vender for cattle, many were killed which were not sufficiently fat. 
Very little fresh meat was eaten after Christmas, and every family 
had oxen and sheep killed and salted in autumn to last till the next 
summer. : 

In the timé of Elizabeth some attention began to be paid to the 
improvement of husbandry, but tio works of any note have come down 
to us in which we can discover that any considerable change was made 
in the common modes of tillage or in the rearing and feeding of 
cattle. 

Thé situation of the farmers however appears to have improved : 
they began to acquire wealth and to increase theit domestic comforts, 
The farm-houses were more solidly built and commodious, having 
before been chiefly constructed of wood, and the walls plastered with 


Clay. 

Se encouraged husbandry, and gave a pension to Hartlib, who 

blished if 1641 a work on the husbandry of Flanders, atid another 

1651, called the ‘ Le of Husbandry.’ Walter Bligh, the friend 
and conte: of Hartlib, published in 1652 another work called 
‘The Improver Improved.’ This work is deserving of notice. It 

very sound principles of husbandry, with many excellent 
observations, which may be of great use even in our days. The author 
mentions clover as an important object of cultivation introduced from 
the Netherlands; and he may be considered as the first who recom- 
mended sowing this plant for feeding cattle. Sir Richard Weston, 
who soon after gave an account of the cultivation of turnips in Flanders, 
laid the foundation of the improved system of husbandry, of which 
= feeding of cattle and sheep on turnips in winter is the chief 

ture. 

From that time till the present day re! has improved slowly 
but regularly, With the iticrease of population and a consequent 
increased demand for the produce of the soil, there has arisen a new 
species of speculation, that of reclaiming waste lands, by which the 
estates of many landed proprietors have been greatly improved. But 
the most important mpd has been the granting of long leases to those 
who were inclined to lay out their capital and employ their skill in 
improving farm’. The security which the law givés toa leaseholder 

his independence of his landlord, provided the rent be pr ory 
affords the greatest encouragement to industry ; and it will be invariably 
found that the improvement of any district is proportioned to the, 


ts, which he imagined to be extremely finely attenuated “ earth.” 

e thought that manures acted only mechanically, and that by con- 
tinually stirring the soil it might be kept ay. eogues The 
attractive part of this theory was, that whereas of bow 5 
is limited, there is no limit to labour, and terre eres e 
of population we Sperry ney to supply it with foods 
Tull was admired, and his theory adopted many eminent me 
His practical system, to which the name of Ori has 
Se upon as one of the most important 

Notwithstanding that his imagination led him too far, he must be 
considered as one of the great promoters of pe eee Even 
his errors have been useful by making men ol and 3; and 
the —— 3 paren a to aah seed in rows, and of en ) 
to clean and hoe the , Wi princi; suggested, has be 
of infin ube $e ths inuecOvel ebuvetten' ed the tah us 

The rearing and fattening of cattle on the produce of arable 
which followed the introduction of sainfoin, lucern, and other F 
renee: al Oh eae Se ees eee 
great in the old systems. Manure is prod in 
tity; the land increases in productive power, and bear 
frequent crops of corn} better implements have invented to save 
labour and to do the work more completely; and a system of i = 
has been introduced, which has corrected the great fault of most strong 


soils in northern climates—excessive moisture, which cannot 
Many causes have concurred to produce these im) ; one 
time high prices induced men to lay out their on the cultivation 


of the soil; at another, low prices stimulated industry to make up 
an increased production, for a deficiency in the value; and what her 
contributed greatly to keep attention directed towards agricul 
improvements is, the rapid increase of the means of com cati 
information by the press. Every suecéssful Sg eT every new 
—— tara the inventor thinks of importance, is speedily announced 
to the public. , 
The Naplovelaents which have been made in the breeds of cattle and 
sheep may be considered as entirely modern. The profit which some 
eminent breeders have made, and, to some extent, still make, by their 
attention and their skill, is a sufficient inducement to excite competition: 
Mr. Collins and Mr, Bakewell may be cited as examples of successful 
attention to breeding. Mr. Collins obtained at a public sale of his ; 


—_ ee 


eattle— 
For 17 cowsofallages . . 4 « 4 £2669 . ‘ 
For 11 bulls Fy * . a > oe 6 2240 
For 7 bull-caives under one year old . ‘ ‘ 
For 7 heifers ' . . * . >» « 808 t 
For 5 heifer-calves under one year. . . 


Making for 47 head of cattle of allages . . £6687 


. 
And such prices have been, since his time, of late years rivalled by the 
sales of well-bred stock. ’ . 

To enutnerate the various works which have come from the press 6n 
subjects connected with eres | would be to give a catalogue of & 
large library, We can only mention some of the principal au 
such a8 Lord Kames, Marshall, Arthur Young, Sir John Sinclair, 
Dickson, Of these, the most original author is perhaps the 1 
But the works of Arthur Young are those which afford the 
pope teers on the , Ay British a the latter half of 
the 1 century, an most towards en 
The ‘ Farmer’s Magazine,’ which appeared in ooh wntte alittle “see 
a new set of editors to this day, has done much good itt disseminating 
useful in husbandry. British husbandry owes mtich to = 
geal and activity of individuals who have forthed societies for its 


much useful information is contained in the Reports of its 

The Highland Society of Scotland, of which all the 

and most of the large oceupiers of land in Scotland are ; 

has greatly contributed to pf te eg and to prothbte 

improvements in every branch of hus . ‘ ; 
"he Board of Agriculture, at the head of which wa’ Sir Johh — 


Sinclair, the zealous promoter of all measures for agricultural 
information, although it rather dikappoitited the hopes 
formed at its commencement, has for some tithe ceased té exii 


was the means of diffusing a knowl of the state of hush 
throughout Britain, at the beginning of tentury, by the publica 
of the Agricultural 8 of the different counties, the subst 

which was condensed -in the ‘ British Husbandry,’ in 2 vols., pub 
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ce of the Society for the Diffusion of Useful | 


under the 

Knowledge. The English Agricultural Society, and the other national 
agricultural associations, have also been influential in giving a new 
stimulus to the improvement of British husbandry, 

To this short sketch of British husbandry, it only remains 
iefly to mention the different systems which have been most prevalent 

i times. 

The first and most Annie snpe is that which compe in raking ap 
portions of pasture- and sowing corn on a slight ploughing, whic 
fail to be productive for some time, Several crops may thus be 
, until the land is so exhausted, that the crop no longer repays 
labour. To defer this time, experience soon pointed out 
which succeeded best after each other. Wheat or barley 
first crops; afterwards peas, beans, or oats, until 
d, being overrun with weeds, would be left to the renovating 
, and a fresh spot would be broken up. 

improvement on this system is that of infield and outfield. 
e i is cultivated more carefully, somewhat like a garden, and 
the dung of the cattle is exclusively put upon this part. The out- 
is a continuation of the first-mentioned system. The infield 
consisted of inclosures or open fields near the dwelling, which it was 
i convenient to cultivate as arable land. Thus two distinct 
systems of husbandry were carried on at the same time ; and whatever 
improvements were introduced in the management of the infield, the 
outfield continued to be as it was before. 

The mode of recruiting by means of a fallow lands which had been 
exhausted by crops, or were overrun with weeds, seems to have been 
introduced into England by the Romans; but appears not to have 
been practised in Scotland till the 18th century. The differences in 
Scotland of the mode of tenure from that of England, and the little 
peaceful intercourse of the two countries, may perhaps in some degree 
account for the non-adoption of the summer-fallow. The alternate 
crop and fallow seem to have been later introduced than a fallow 
after several crops. The triennial system, which consists of a summer 
fallow, a winter crop, and a spring crop, was probably longer established 
than any other, and is still the practice in many parts of England. 
The deteriorating effect of the outfield system would lead to its aban- 
donment as soon as population increased, and with it the want of land 
for infield. The common-field lands, which were so extensive till 
within the last fifty years, many of which have since been inclosed 
by special acts of parliament, were probably at first only portions of 
commons, which were broken up by common consent, and formed into 
outfields. The right of pasture over them, after the crops are removed, 


a this sw 5 

3 common- ox are rove yee a better system 2 
paged floa-we ows. over and turnips are more regularly 
sown, on light lands, take the place of summer fallow. Clover 
generally comes after a crop of corn, in which it was sown the pre- 
ceding year in spring; and as most crops succeed well: after clover, 
wheat was chosen for the next crop as the most profitable. 
Thus arose the Norfolk system, without any very sudden departure 
from the old rotations. Two crops raised for the food of animals in 
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the = rotation of turnips, barley, clover, wheat, beans, wheat ; 
after 


wi straw, it has been called the alternate system of husbandry. 
These are the most common systems in England. The removal of the 
fallow year, provided the land be kept clean, is a decided step towards 
vemnent, —_ a e ee by the tec of 
grasses an o p, especi sowing 

every in rows and keeping rity dens stirred, none oe partial 
fallow losing a crop. Here Tull’s system is introduced, 
which in its complete state, as the author recommended it, was soon 


As the English systems have taken their origin chiefly from the 
infield cultivation, so the Scotch appear to have arisen from that of the 
outfield. Fallows were unknown ; but the invigorating effect of grass 
fed off by cattle must soon have been perceived ; and instead of leaving 


the land to recover slowly by the spontaneous growth of natural herb- 
age, which on poor land takes a long time, it was obvious that this 
migift be accelerated by so Hence the origin of the 


Scotch ertible system of husbandry, which is gaining ground dail: 
conv of hus F is 2 
and ir, in remote situations where no manure pe pustheeed, 
established. The order of the conversion has been some- 

what altered from what it was originally. Instead of sowing grass- 
seeds after the land is exhausted, it has been found advantageous to 
the by manuring the crop in which it is 

sown ; and experience has ed, that the richer the grass is, the more 
e are the crops which come after. The grass, instead of 


being a mere substitute for fallowing and manuring, is made highly 
profitable by feeding cattle and sheep; and the profit of the years 
when the land rests, as it were, by being depastured, is often as great 
as that of the years when it is cropped ; and the risk and expenses are 


much less. The convertible system is not very generally known or . 


adopted in England, and is often confounded with the alternate system. 
The alternate system interposes a green crop between two white-straw 
crops. On good land the convertible husbandry may consist of three 
or four years’ tillage and three years’ grass. If the land is not quite 
clean, a summer fallow on heavy soils, or a turnip fallow on light soils, 
should begin the course ; and only one crop should be taken after the 
fallow in which the grasses are sown, whether it be wheat, rye, barley, 
or oats. It should be fed off the first year, mown the second, and fed. 
off again in the third; when it is broken up, oats are usually sown as 
the first crop in Scotland, then beans, if the land admits of them, and 
then wheat. If a fallow is intended, a crop of peas may be sown after 
the wheat, and then the course begins again, as before, with a clean 
fallow or with turnips. In this manner the land may be kept clean, 
and continually improye in fertility by means of the cattle which are 
kept upon it, without the aid of any purchased manure, except lime, 
the expense of which is in most cases well repaid by the crop. These 
are the only regular systems in Britain ; and every mode of cultivation . 
and cropping may be reduced to one of them, unless it be eapriciously 
anomalous. Of late years Tull’s husbandry, applied to the perpetual 


‘suecession of wheat crops on the same land, has been developed and 


somewhat modified; and, now known as the Lois Weedon system, has 
been pretty extensively tried. The Rev. 8. Smith, of Lois Weedon, 
has the merit of haying thus recalled the maxims and experiments of 
Jethro Tull to the favourable notice of English agriculturists. 

What renders the improved systems of British husbandry so superior 
to that of all other nations is the attention paid to the perfection of 
the different breeds of domestic animals, especially the horse, the ox, 
and the sheep. In this respect British husbandry surpasses every 
other. No expense or trouble is spared to improve the qualities of 
cattle and sheep. It has been objected, that the rewards given by 
different societies for excesssively fat cattle are not judicious, as these 
animals are never profitable to the feeder. The same might be said of 
very high-bred racehorses ; they are not so useful as a good hackney or 
hunter; but unless some individual animals the power, courage, 
and speed which is the mark of the best blood, it would soon degene- 
rate; so likewise if some oxen were not occasionally fatted to an extra- 
ordinary degree, the fatting qualities of the breed could not be proved. 
A badly bred ox will never become so fat, whatever food may be given 
him, as one of a choice breed. This the breeders are well aware of, 
and never hesitate to pay a good price for a young bull of any prize 
breed. 


The great variety of new instruments which are daily invented, and 
some of which gradually come into use, however expensive they may 
appear, is another feature in British husbandry; and the letting out of 
drills and steam threshing machines, which are kept for profit by men 
who have little or no land to cultivate, is a step to that division of 
labour which has done such wonders in manufacturing industry, and 
which will no doubt in time do the same in the operations of husbandry. 
There is a fresh spirit of improvement arising among practical agri- 
culturists, and not the least favourable symptom is, that it begins to 
be acknowledged that “ much may yet be learned,” and that “ husbandry 
is still comparatively in its infancy.” The success at length of the 
reaping machine and of the steam plough is the crowning point of its 
progress hitherto; and this, conjoined with the extraordinarily de- 
veloped trade in artificial and manufactured manures, is what indicates 
most perfectly the energy and enterprise of English agriculturists, 

Husbandry in Italy.—\t might be expected that Italy would present 
some remains of the Roman husbandry, but such has been the per- 
nicious effect of wars and intestine commotions, that this fine country, 
with all the advantages of soil and climate, is far behind less favoured 
regions in the cultivation of the soil and the rearing of cattle. The 
plains of Lombardy alone are an exception; but the cultivation of 
maize, the principal produce there, partakes more of the garden 
husbandry than that of any other grain. The abundance of water 
which descends from the Alpine regions fertilises a great extent of soil. 
by artificial channels, in which it is made to disperse itself, and produces 
a vegetation which requires little assistance, except that of weeding. 
Italy was however the country where, on the revival of letters, the- 
first books were published on the practice of husbandry. Pietro di 
Crescenti, a citizen of Bologna, born in 1230, after thirty years’ 
experience in all parts of Italy, wrote a treatise entitled ‘ Opus Ruralium 
Commodorum,’ printed in 1474. There is a doubt whether it was first: 
written in Latin or Italian, but it was soon translated into French and 
German. ‘The author quotes Cato, Varro, and Palladius, but not 
Columella, who probably was not then generally known, or perhaps his 
works had not yet been rescued from the libraries in which ancient 
works were long buried. In the succeeding century many of the 
Greek and Latin authors on husbandry were translated and published. 
Tavello, in his ‘ Recordo d’Agricoltura,’ 1561, ascribes the deterioration 
of agriculture to the practice of letting land for three years only, which 
had been introduced very generally, and uated the triennial 
system in its worst form. - Johannes Baptista Porta,in 1592, published 
his ‘ Ville, in 12 books, a work which has had a considerable repu~ 


789 HUSBANDRY. 


HYACINTH. ‘760 


tation, and a by many as nA well worth <p re | “ts 
variety of authors on different parts of husbandry wrote about this 
time, in consequence of the frequent famines which arose in Ital 
from a very imperfect state of husbandry. The ‘ Vinti Giornate dell’ 
Agricoltura,’ Venetia, 1569, which had been first published in 1550, 
under the title of ‘ Deci Giornate; went through more than twenty 
editions in Italy, besides being often translated. The author ridiculed 
the foolish astrological notions prevalent at the time, and his work is 
full of good sense. But all these writers had little influence on the 
improvement of the actual practice of husbandry in Italy. If a spirited 
proprietor attempted to introduce improvements, the prejudices and 
obstinacy of the country people soon disheartened him, and to this day 
the systems adopted are extremely defective, if there be any system at 
all. In many the ploughman still stands on the heel of the 
Plough to keep it in the ground, and a straight furrow is not thought of. 

earth is scratched rather than tilled ; and if good crops arise from 
the natural fertility of the soil, they are generally choked with weeds 
before harvest. 

An attempt had been made by Leo X. to drain the Pontine marshes, 
and it was renewed in 1586 by Sextus V. Pius VI. spent great sums 
on the same object; but to this day little has been effected; and 
instead of the fertile plain which once was covered with a golden 
harvest, there is nothing but a dreary marsh producing pestilential 

urs pregnant with disease. Sicily and Sardinia, once the granaries 
of Rome, now produce only a very small quantity of corn. The best 
cultivated districts in Ttaly are Piedmont, Lombardy, Tuscany, and 
the country about Ferrara; but, except in the two first, they are 
behind the greater part of Europe in the management of a farm. 
The proprietor of the land, if he does not cultivate it by his own 
servants, is usually the proprietor of all the live stock and implements 
oe 

ry of Spain.—Spain possesses 

fruitful soil, and the hus! of the Romans, which the irruption of 
the barbarians had interrupted, was in some measure revived by the 
Moors. When they were expelled, Spain lost many industrious 
husbandmen and manufacturers, A work on husbandry by a Moor, 
called Ebd-el-awam, who is supposed to have lived about the 13th 
century, was published with a Spanish translation at Madrid in 
1802, and does credit to the agricultural knowledge of the author. 


a considerable extent of 


The cultivation of the sugar-cane and of saffron are mentioned in| p 


this work, 

Herrera, who wrote on husbandry at the desire of Cardinal Ximenes, 
is one of the most esteemed authors of his time. His works have been 
frequently republished; and are now in reputation, and looked 
upon as quite classical in agricultural literature. He laments that 
mules are generally used in Spain for the plough and other purposes 
of hi ry, instead of the ox, But Herrera did not succeed in 
changing the custom; and mules are still in general use. The great 
object of attention in Spain is the production of fine wool; and the 
privileges given to the Mesta, a kind of corporation of shepherds, tend 
greatly to retard the introduction of a better cultivation. The Merino 

of sheep is said to have been imported originally from Britain. 
But it is evident that, if it is necessary to its perfection that the flocks 
should run over half the kingdom every year, the profit made by the 
exportation of fine wool is dearly purchased by the disadvantages of a 
miserable state of agriculture. Instead of, as from the character of 
the country she ought, producing a superabundance of grain and sup- 
plying other countries, Spain is obliged frequently to import corn in 
order to prevent a scarcity. The state of Port is not better, and 
the vine is the only plant of which the cultivation is moderately 
well understood in the whole of the peninsula. 

Husbandry of Germany.—The husbandry of Germany varies greatly 
in such an extent of country, In the time of Tacitus half the country 
was covered with impenetrable woods. As population extended the 
forests were cut down, and the sickle succeeded to the axe. The 
republic of the Swiss cantons and the Hanseatic towns gave the first 
examples of encouragement to husbandry. In 1571 the work of 
Heresbach, entitled ‘ Rei Rusticw,’ libri iv., was reprinted at Cologne. 
Heresbach was born in the duchy of Cleves in 1609, and is considered 
the father of husbandry in Germany. 

Augustus I,, elector of Saxony, wrote a treatise on the cultivation of 
the vine, which was published in 1636, entitled ‘ Churfiirsten’s Augusti 
zu Sachsen O buchlein.’ 

In Prussia, Mecklenburg, and Holstein, husbandry has made the 
greatest progress in modern times. The Prussian government, from 
the time of Frederick the Great, has taken agriculture under its 
mpeme protection. In Prussia there are several schools of agriculture, 
where this art is t on scientific principles, and where the practice 
is shown on large s. That of Migelin, over which A. Thaer 
hee became conspicuous from the excellent work on rational 

usbandry, ‘ Rationellen Landwirthschaft,’ which he published. The 
introduction of the Dutch system of dairying in Holstein, and the 
breeding of fine horses there, has given a reputation to this part of the 
Danish dominions, In Bavaria, along the banks of the Rhine, from 
Basel to Darmstadt, there is a fine fertile plain which is cultivated with 
some care; and although subjected generally to the triennial system 
(which is called in E: d the three-course shift), the husbandry of 
that part of Germany is not to be despised. In Switzerland the 


but all travellers 


management of grass-lands and water-meadows is carried to great per- 
fection. The cultivation of lucern ed. inten is Vey ae 
are raised toa considerable amount; and the soiling 


contributed greatly to throw light on the theory of vegetation ; and it 
is scarcely necessary to mention Theodore de Saussure, Pictet, De Can- 
dolle, as | Macaire, as men who have contributed more than any others 
to explain the functions of vegetable life. 

Asa practical promoter of husbandry, we cannot pass over M. de 
Fellenberg at Hofwyl, near Bern. On an estate of about 300 acres he 
put in practice nearly all that has been written by the most esteemed 
writers, taking Thaer as his text-book, and making bineeelt teen 
with the best modern writers. He established an agricul! school 
for poor children, as a part of his great plan for general ed 
and his example has perhaps done more to mote 
husbandry in his native country than all the works of the most 
eminent writers. 

Belgium has always been foremost among agricultural countries. In 
1600 the Flemings were considered the best husbandmen in Europe. 
There are no early writers on husban in this agricultural nation, 
witness to their industry and to the perfection of 
their agriculture. They were probably the first in modern times who 
cultivated turnips in the field to feed cattle in winter ; and who, in the 
north of Europe, kept their cattle in the stables all the year round and 

immemorial in| 


upon as a 
rn PRO The climate, partaking of that of 
south, 


1565 he published his work called ‘ L’Agriculture et la Maison Rus- 
tique. This work was reprinted, with additions, by his son-in-law, 


Jean Libeaut, in 1570. But the author, who is still considered as the 


father of French husbandry, is Olivier de Serres, a gentleman of. P 


fortune, proprietor of the seigneurie of Pradel, near Villeneuve de 
Berg: in | ne aaor ted He was a friend of Sully, the favourite minister 
of Henry IV.; and, at his request, about the year 1600, he wrote a 
work on husbandry, under the title of ‘ThéAtre d’Agriculture et 
Mesnage des Champs,’ a work in which he shows a thorough knowledge 
of the great principles of husbandry. Subsequent writers on agriculture 
have been far too numerous to specify. Until recently, however, their 
influence was extremely small. But of late years a great amelioration 
has taken place, and the desire to promote practical improvements in 
husbandry appears to be steadily gaining ground, though the culture 
of a large part of the country is still in a very back’ state. Agri- 
cultural schools and veterinary colleges have been multiplied ; model 
farms on a very extensive scale have been established in many places 
by the Government, and by wealthy proprietors of land; extensive 
reclamations have been made of waste lands; better modes of cultiva- 
tion are widely adopted, and the corn-produce has largely increased, 
partly in consequence of the abolition of the corn-laws in land, 
which has led the French farmer to look to the advantages offered by 
new foreign markets, but partly also as a result of the increased 
facilities offered by the construction of railways for peg distant. 
home markets. Much greater attention has also been paid of Jate 
years to improving the native breeds of stock ; and a better class of 
agricultural implements is gradually coming into use. 

HYACINTH, a favourite flower in gardens, is the Hyacinthus orient- 
alis of botanists, a bulbous plant, found wild on the mountains of 
Persia, and remarkable both for its fragrance and the facility with 
which it varies in the colour, size, and construction of its flowers when 
raised from seed. 

Few spring flowers are more worthy of cultivation than the hee 
whether we regard its varied shades of rich colour or the sweetness 
its perfume. The Dutch gardeners have been celebrated for the high 
state of perfection to which they grow it, and for the monopoly they 
have secured in the sale of the bulbs, which haye even acquired in the 
es familiar name of Dutch roots. ‘The soil and climate of 
Holland seem to be peculiarly adapted to the plant, for however well. 
imported roots may flower in England for the first season, they soon 
degenerate and become worthless. It is however probable that this. 
arises from want of skill in our cultivation, rather from an 
unfavourable in our climate: for some gardeners have been su 
in growing the same roots for several years in succession. Mr. Herbert 
says, “I produced for several years successively, at my villa in Surrey, 
where I the advantage of the vicinity of the fine sand of Shirley 
Common, hyacinth flowers fully equal, if not superior, to those obtained 
from the best Dutch bulbs,” As experience is in all respects the surest 
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we approach the Dutch method of cultivation, 
to be successful. According to Mr. Herbert, 

used at Haarlem is rotton cow-dung, rotten leaves, and 
In making this compost the Dutch gardeners prefer the 
softer leaves of elm, lime, and birch, and reject those of oak, chesnut, 
walnut, beech, plane, &c., which do not rot so quickly. The cow-dung 
which they use is also of a peculiar quality, being collected in the 
winter when the cattle are stall-fed upon dry food, without any mixture 

i sand is 


pore they 
yer of sand is placed, one of dung, and then one of rotten leaves, 
each being eight or ten inches thick. These layers are repeated till 
the heap is six or seven feet high, a layer of dung being uppermost, 
inkled over with a little sand to prevent the too powerful action of 
¢ sun upon it. After the heap has lain for six months or more it is 
mixed, and thrown up afresh, in which state it remains some weeks, to 
ae. (‘ Hort. Trans.,’ vol. iv., 
p- 163. 
The bed into which this compost is to be put must be taken out to 
depth of three feet, its bottom made firm, and a few stones thrown 
it in keep it dry. It pice nrc scapes ae et 


show their flowers in the beginning of April. 

Hyacinths are sometimes planted in rows or patches, but the most 
phat dirgeaiapmp eaaiatenpeet 5 Varemag dy Serkan 
of bloom is presen’ ae pcg Mae hace ean agegpeader 
protect and shade them in this way. lanting them in beds a great 
part of the effect sr! rte x judicious arrangement. The differ- 
ent colours are either bl: together in the bed, or collected into 
masses, A mass of one colour is more pleasing to the eye than a 
i of several, and therefore each tint sh be planted by itself 

; or if there are more beds than one, the first may be 
with white, the second with blue, the third with red varieties, 
The distance between each plant should be eight or nine 
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the flowering is over, the more dry the ground can be kept, the better 
it is for the bulbs. When the leaves turn yellow and are withered, 
1 Boe pal igen ign ara dana grr ir Baie me out 
of flower, the bulbs must be carefully taken up and dried. e 

tice at Haarlem is this. Sa ved aout 14. Gok off. and sack bulb 
laid on its side, covering it lightly with the compost, about two inches 
thick : in this state it be left about a month, and then taken 
up in dry weather and exposed to the open air for some hours, but not 


toa erful sun, which would be very injurious to it; it should after_ 


this be carefully examined, and all the decayed parts removed ; after- 
wards it sh be laid up in an airy storeroom.” (Herbert, ‘ Hort. 
Trans.’) Florists who have a valuable bed of hyacinths generally use 
an awning of some kind, to shade them from a bright sun, and protect 


not shaded, the colours very soon spoil, and will not bear a close 
‘nati 


on. 
Forcing of hyacinths is carried to a considerable extent, both in Eng- 


land and also on the Continent. When they are bloomed in this way, 
ee rte ton okee tree greenhouse, or placed in the 
lo i their 


succession will be kept up. 
be large, but shook ba 


ogelly well. In [potting, the bul! 
e soil, 


flower in February, they are put 
Re er GEenIN pabered ined $s Go denen tecie 
are up and ed, and placed in the glasses, or they are 


in the neighbourhood | this 


placed in the glasses at first. The water must be uently renewed, 
or it will soon become fetid and offensive... By far the most curious 
poate of treating forced hyacinths is to invert them in large glass jars 
with water. This must be done when the flowers are near] 

expanded ; and by placing one above the glass, of the same size an 
colour with the inverted one, the latter presents an appearance of 

ing the reflection of the former. The flowers retain their freshness 
much longer in the water than when exposed in the common way ; but 
is circumstance, and the curious appearance presented, is all which 
can recommend the system ; of course the fragrance of the hyacinth is 
in this way entirely lost. The principal difficulty that is experienced 
by those who force hyacinths in water in sitting rooms is to prevent 
their growing long, weak, and pale, so as to flower badly, and be in 
constant danger of upsetting. This is remedied by keeping them close 
to a window, where they can be constantly exposed to bright light all 
day long. It may also be added, that in order to secure their pushing 
out their roots before the leaves lengthen, they should always be kept 
in the dark for a fortnight or three weeks after they are first placed in 
the water-glasses, care being taken at that time that the water and 
the bulbs are not in contact. The moisture that rises into the air 
will be sufficient to induce the bulbs to put forth roots; and the 
total absence of light will prevent the leaves from being stimulated 
into growth. 

Varieties are obtained from seed, and particular kinds are propagated 
by offsets. With the greatest care in gathering the seed, it is very 
uncertain whether or not the plants raised from it will turn out 
well; however, the best sorts apa eget from are those with strong 
upright stems, semi-double flowers, and brilliant and distinct colours. 

e seed must be well ripened, and then sown in good sandy soil, 
rather lighter than what is recommended che peor compost. The 
young p) so obtained must not be disturbed or taken up until the 
end of the second, or, if they are weak, the third year; all that they 
require during that period is a little top dressing. They may then be 
taken up and planted in the bed, where they will require the same 
treatment as old roots; they will flower in the third spring, but it 
is better to destroy all the flowers of the first season, in order to 

en the bulbs. 
ADES. [Tavrvus.] 
HYDANTOIC ACID (C,H,N,O,?). An acid product of the action 


of caustic potash upon allantéin. Its existence can 
scarcely be said to be established. 
HYDA’TIDS (ddaris,a vesicle, from sdwp, water). This name has 


been applied to various cyst-like productions, which are sometimes 
found in the bodies of men and animals. 

The term hydatid is of the most indefinite application, for under 
this common denomination are included objects of the most dissimilar 
nature. In the first place, the term comiprehends several species of 
entozoa, or parasitic animals, which have a distinct independent 
vitality ; secondly, the simple unattached which are frequently 
met with; and lastly, what have been called false hydatids, which are 


bodies, either entirely or partially connected with the tissues 
by #hich they are surrounded. 
in 1686 (‘Ephem. Nat. Curios.,’ Ann. iv. dec. 2, obs, 73), 
and Tyson in 1691 (‘ Philos, Trans.,’ No, 193), first clearly observed 
that many of the bodies, or cyst-like tumours, called hycaiice, were 
distinct living beings, or itic animals. They arrived at this con- 
clusion from observing that they had no connection with the organs in 
which they were found, that some of them distinctly moved when 
placed in warm water, and were also furnished with projecting pro- 
cesses or heads, having an orifice or mouth at their extremity. 
Morgagni and others have thought that some of the ancient medical 
writers, particularly Aretaus and Galen, were acquainted with the true 
nature of these bodies; but nothing of the kind is clearly stated in 
their writings, though they often mentior the occurrence of hydatids. 

The discovery of Hartmann and Tyson was taken little) notice of 
before the time of Linnaeus and Pallas, who ued the investigation; 
since which time these beings have occupied the attention of many 
naturalists, among whom may be mentioned Hunter, Miiller, Goeze, 
Cuvier, Laennec, and Rudolphi, who have all admitted the animal 
existence of the greater part, if not the whole of them. Pallas arranged 
all the cystic entozoa, except the common globular. hydatid, or 
acephalocyst (which was only considered as a simple serous cyst before 
the time of Laennec), under the genus “ Tenia,” on account of the 
similarity of structure between their mouths and those of the tape- 
worm. this classification he was followed by Goéze. Although 
these views were not generally adopted, it has been recently established 
by Kiichenmeister Von Liebold and others that the various forms of 
cystic worms are but larval stages of Tenia. [EnvTozoa, Nat. Hist. 
Div. 

Tdatids are found principally in the bodies of mammalia ; rarely 
in those of the lower order of animals, They may occur in any part 
of the body, but are very seldom seen in the mucous cavities and 
passages, when they have been di into them by the 
rupture of their containing cyst. This external sac, by which they are 
mostly surrounded, is generally attached to the tissue of the organ in 
which it is seated; it is frequently common to many hydatids, but 
each individual may have a distinct envelope, in the interior of which 
it floats, and to which it neyer contracts any adhesion, The fluid 
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which fills the of a is almost always colourless | more or less close connection with the sub: tissues, from which 
and limpid. he quid of the conammna equa terbice they float | in fact th w. The vesicles often found Tyee 
May present various appearances: sometimes it is quite limpid ; at Uaendy Unie clecn ;-ahda Shp eyeie- stile oteatahe tbe fluid in ovarian 
others it may be coloured. When formed in the liver it is often | dropsy, which may grow to an enormous size, hestiy, cas 0 Soaene 
yellow. common situations for false hydatids is in uterus, where 
The principal furms of cystic entozoa, or true hydatids, recognised by | they are described as “vesicles of a round or oval shape, with a 
Rudolphi and others are called Cysticereus, Cwenurus, and Echino- | narrow stalk to each, by which they adhere on the outside to one 
ecoceus; to which may be added Acephalocystis. Several species | another." They may here increase in such numbers as to distend 


of Cysticercus are enumerated, but the most common are C, tenuicollis, 
and ©. cellulosus. The former (Tenia hydatigena, Pallas ; Hydatis 
globosa, Lamarck) is met with 2 oP the peritoneum and pleura 
of ruminating animals and pigs. It is often gen 
sheep called the rot, where another entozoon, the ‘‘ distoma,” or fluke- 
worm, is met with in the ducts of the liver, The C. cellulosus (Tania 


cellulosa et T. finna. @m.; Hydatis finna, Blum.) is found generally | the old 


lodged in the tissue of the muscles between the fibres; it occurs some- 
times in man, but more frequently in animals, particularly in the hog, 
where it causes the disease called measles or leprosy. Of the 
Cenurus (Hydatis polycephalus, Zeder), the species C. cere! 
vesicularis, Goéze ; T. cerebralis, Gom. ; Polycephalus ovinus, 
) is found in the brain of sheep, oxen, and other ruminating 
animals. These hydatids oceur in various parts of the brain of sheep, 
but most frequently in one of the lateral ventricles, where they occasion 
a kind of giddiness, in which the animal turns round and round in one 
Drehen by the French * le Tournis” and in Bngland the sheep are 
»” by the “le Tournis,” the are 
said to be “ giddy,” or to have the “ staggere.” 

Sometimes the hydatid is situated in the fourth ventricle, when it is 
said to cause a variation in the affection, called in German “ das 
Springen,” from the animal springing up. Rudolphi says that he has 
seen the latter variety occur when one large hydatid has occupied the 
peg ce ark of the brain. In the first case one-half of the body is 
ren partially paralytic from the pressure of the hydatid on the 
side of the brain, and the opposite muscles by their action turn the 
body round towards the side, In the latter form of the 
disease, — says that the equilibrium between the anterior and 
posterior muscles of the body is destroyed, which causes the animal to 
spring up. Sometimes two hydatids are found in the same ventricle, 
and occasionally as many as five or six have been met with. The 
internal surface of the ventricles is always smooth, and never contracts 
any adhesion to the cysts. This hydatid is sometimes found as large 
as a hen’s egg; the walls of the bladder are very thin and fibrous ; and 
may be seen clearly to contract. The little worm-like bodies attached 
to it are scarcely half a line in length, and have the power of retracting 
themselves within the cyst. These — are most generally met 
with in yearling cattle and sheep, and their production, or that of the 
state of health which gives rise to them, seems owing principally to 
the effects of cold and damp, and watery pasturage, which also 
occasions the rot in shee e best treatment is removal to a 
and sheltered urage. In some eases sheep have been eured by the 
extraction of the hydatids by the operation of trepanning. Whenever 
any of these forms of hydatids are swallowed by man or the lower 
animals they proceed to develope themselves into tape-worms. 

The hydatids belonging to the genus Echinococcus are commonly 
called granular hydatids, from the presence of numerous ules or 
minute particles, which are young hydatids which float-in the fluid of 
the cyst or adhere to its walls. T'wo species of Echinococcus have been 
particularly described : one called E. hominis, has been met with in 
the brain and abdomen of man in a few instances; the other, E. 
yeterinorum, occurs more frequently in the hog and other animals. 

The Acephalocyst, or common globular hydatid, to which it is 
ipl by some that the name of hydatid should be restricted, is a 

e 


tv 

simple unattached vesicle, ing in size from a millet-seed to a child’s 
head, filled with pellucid fluid, furnished with no kind of appendix or 
head, generally associated with numerous others, and contained in a 
common cyst, which is also filled with fluid. 
possess a proper vitality, though dependent for exist on the body 
of the an in which they live. They are probably undeveloped or 
abnormal forms of the more definite species. 

Hydatids may be developed slowly, and occasion so little incon- 
venience, that persons in whom they have been discovered after death 
may not have suspected disease of the organ in which they existed: 
during life, Occasionally they cause so much irritation that suppura- 
tion may take place either around or within the common sac, which 
may burst externally or into a serous mucous cavity. In either the 
first or last case the hydatids will be discharged, ite f the patient may 
recover; but if the cyst should communicate with a serous cavity, as 
the 4 oye or pleura, fatal inflammation will occur. 

ith respect to the treatment for the prevention or removal of 
hydatids, it is very imperfect. As they generally occur in a cachectic 
or ered state of health, those remedies may be given which are 
most likely to remove that state and improve the general health. 
When a hydatid cyst is situated so near the gurface of the body that 
it may be easily evacuated, without risk of effusion imto the internal 


serous cavities, it may sometimes be punctured with ety, which 
operation will cause obliteration of the sac, (Worms. 
Pseudo or false hydatids are simple serous or vesicles, either 


occurring singly or aggregated in clusters, but in both cases having a 


erated in the disease of | i 


These bodies seem to |_ 


is seated a crow (Corvus), mythological 
The great length of this constellation has caused it to be divided 
serie idee Pare ore mre ose Bh et Crater, 
Hydra et , and Hydre continuatio. The first contains the head 
and up to about 104 hours of right ascension, all near to and 
south of the bright star us; the second contains the cup and the 
ee eee the third the crow, with the parts of the _ 
ly adjacent; and the fourth i at about 13 hours of right 
ascension) contains the tail. For the third part see Corvus. In 
Flamsteed’s catalogue Hydra and Hydre continuatio are treated in all 
i ag. Mo. Belly, tn is"abee bition of: ahs eobatogue lee 
ntervening, . 5 new 
treated the two as ,one constellation, and numbered the stars accord- 
ln ag tie ane expe to be 45, 46, &., 
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HYDRACIDS. Acids have been divided into oxacids and hydracids. 
In the former, an elementary body is combined with oxygen as the 
sup i Principle 5 and in the latter, a substance, usually 
an elementary one, is united with hydrogen as the imaginary acidifying 

The class of hydracids contains some which have been 


of, as hier des ss tale Det e 


described. With to the hydracids, it 

be remarked that their acidity in general very strongly tha 

that they contain onl ote wan ie cat gen, “dered 

acted metallic oxides jose ydrogen by com. 
TORE Glo oupmen of {his vxide: ont the rasbiig a and a 

haloid salt: thus, to put one of the most familiar when 


chloric acid is added to soda, or the oxide of sodium, the result is not 
a hydrochlorate of soda, but chloride of sodium and water. 
however, hydrochloric acid is united to bases which contain no oxy- 
gen, then real h lorates are the result; thus, ammonia, which is 
a powerful base, combines with hydrochloric acid to 

parte coe sal ammoniac. So, also, when the 

acid unites or other oxygenous 

ah the rebaiiiig woarpeuna'l « 


of mor- 


i.e. 


ar 


765° a i HYDRAULIC PRESS. 
e, although this alkaline base and many other vegetable alkaloids | tinually i ing importance in our modern societies has contributed 
paper hy 4 to establish the distinction which now prevails between the pursuits 
Most of the aré gaseous, and are easily combined with | of the architect and of the civil engineer; for the latter comprises 
water, forming tions which possess the well known and strongly | am its varieties that of hydraulic engineering. 
marked acid ies of sourness, acting upon carbonates, and red- 


aldeh: Hydrobenzamide may be taken as a type of these bodies ; 
it is by acting with ammonia upon oil of bitter almonds :— 
; (C,4H5) 
3 CratsOe } + INH, = 6HO + N, (Cr) 
=~ cee hy 
Oil of bitter almbnds. Hydrobenzamide, 
The h ides are neutral cystallisable substances, insoluble in 
water, soluble in alcohol, and volatile without decomposition. 
The following is a list of the principal h; — 
Salhydramide . . . «4 & OysHygN,0, 
Anishydramide. . « + - + « CygHy4NoOg 
Cinnhydramide «© «4 «+ «+ « Cs4He4No 
Farfuramide A +o CgqlighgOe 
THIN. 


HYDRANZO . [Carpamic Actp.] 
HYDRARGETHYL. [Orcanometatxic Boprs. 

HYDRARGOBEN E. Synonymous with Mercury benzamine. 
[Benzorc Group. Benzamide.} , 

HYDRATES are compounds of water : the term is however usually 
restricted to compounds which contain water in definite proportion, 
which water does not impart regularity of form, or in other words give 
exgrials with the body. with Wizol it so unites. Thus when water is 

potash it may form with it either water of solution, water of 

isation, or water which constitutes it a hydrate. If we take a 

it to a certain extent we obtain 

heat these and the water of c isation is 

no heat whatever is to expel the whole of 

last portions with the potash a 

pl which is a hard substance totally devoid of crystalline form. 

also when water is added to lime, a ion dissolves ; 

however of water and lime are obtained with difficulty, but hydrate of 
lime is the well known dry powder called slacked lime, 

It appears therefore, from the above statements, that water of solu- 
tion has comparatively little affinity for the substance with which it is 
combined ; water of isation ,has more, but water which con- 
stitutes the body a hydrate has the greatest affinity of all. 

De deccil, of ceere when danticl ot Sree cas 
4 3 thus copper w. iv is nearl; 
colour but when dissolved in water it becomes of a fine blue 
‘ater of crystallisation produces the same effect. So also 
oxide of copper is of a black colour, but the hydrate of oxide of copper 
pee by adding potash to a solution of copper is of a beautiful 
ue 


jour, 
HYDRAULIC ENGINEERING. The branch of the arts of con- 
struction which is more especially connected with the resistance to the 
mechanical action of water, or with the use and application of that 
fluid to the various of life, is usually known under the name 
of “ hydraulic engineering.” The objects comprised under this general 
title are not only numerous, but they are complicated, and 
importance i 


Ff 


Sevelager. licated, 
engineer has to deal that there is hardly a branch 


hydraulic engineer, in fact, has to execute the works required 
the construction of Brinegs, especially in so far as the foundations, 
coffer-dams, &c., are concerned ; for Breakwaters; CANALS; Dooxs; 
tous B EMBANKMENTS, in water; Fountains; Inrication; Licut- 


HOUSES 5 s; Sea Derences; Sewerace;,.Warter Surrty ro 
Towns; Warer-Wukets ; WELLS ; or for any Pea wherein 
it may be necessary to control or to use water_in large bodies. There 
is little for the exercise of taste in these matters; are 
nearly all the domain of exact science; and no doubt their con- 


DRAULIC PRESS. This powerful engine was first He ee 
by Pascal, based upon the hydrostatic principle of fluidity, or the pro- 
perty of transmitting pressure equally and freely in every direction by 
which a liquid becomes in the truest sense of the term, a machine. 
The hydraulic press consists essentially of a solid plunger, p, Hn | 
through a water-tight collar in a small cylinder, at the bottom of whic! 
is a valvé c, opening upwards, and conducting by a pipe into a cistern 


of water. In the side of the small cylinder is a channel, furnished 
with a valve 0, opening upwards, and leading by a pipe k into a large 
cylinder 8, in which is inserted a ram, pes through a, water-tight 
collar 2, The top of this ram is usually furnished with a plate fo 
the bottom bed of the press, moving in, and surrounded by, suitable 
frame-work. Now supposing both the cylinders ¢ B with the connects 
ing-pipe K to be filled with water, and the pl r p to be forced 
down from the top to the bottom of the smi eylinder, the pressure 
thus produced will be transmitted by the water, through the pipe K to 
the ram in B, and according to the principle of fluidity [Hyprostarics] 
every square inch of the section of the ram will be pressed upwards 
with a force equal to the downward pressure on each square inch in 
the section of the plunger p. For example ;—if the diameter of the 
section of the ram be twenty times that of the plunger, the upward 
pressure of the ram will be 400 times the downward pressure given to 
the plunger. Of course the pressure on the ram will be communicated 
to the bottom bed of the press, and any object placed upon it So as to 
be enclosed between it and the top of the frame will be compressed. 
The extent to which the ram rises in the large cylinder must depend 
upon the relation of its diameter to that of the plunger. The plunger 


in descending its cylinder, displaces as much water as is equal to the 
volume of ne that descends, and this water being driven 
into the large cylinder B, which is already quite full, the ram must rise 


through a height sufficient to afford room for the water which is thus 
forced into the cylinder, and the rise of the ram will clearly be less 
than the descent of the plunger, in the same proportion in which the 
sectional area ofthe plunger is.less than.that of the ram. If,as already 
supposed, the section of the ram be 400 times that of the plunger, the 
ram will rise through the 400th of an inch for every inch of descent 
made by the plunger. When the plunger is drawn up the cylinder 
preparatory to another stroke, the valve ¢ opens, and admits a quantity 
of water, equal to the ascent of the plunger. And to prevent the ram 
from falling os operation, the valve o is plaeed so as to inter- 
cept the water. When the plunger is again driven down, the pressure 
closes the valve ¢ more firmly, and opens 0. At ris a valve closed b: 
a screw, communicating with a pipe that leads to the cistern in whic 
the pump is immersed. en it is required to relieve the ram from 
pressure, and cause the bed-plate of the press to descend, this valve is 
opened, the ram descends, and the water from B is driven back through 
kK, and pasate the Pipe by which r leads fove 2 Pang When the 
press is ‘or very intense pressures, there nger of bursti 
some of the machine, so that to prevent the pressure eS 
exceeding a certain quantity, a safety valve i is provided. This valve 
opens outwards, and is closed by a weight attached to the longer arm 
of a lever, so that when the pressure transmitted to the ram exceeds a 
certain quantity, the valve opens and relieves the press. 

As the pressure communicated to the ram acts with equal intensity 

on the interior of the large cylinder 8, the water which communicates 
the pressure seeks to escape by the joint or collar through which the 
ram passes into B, To make such a joint or collar water-tight was the 
difficulty from the time of Pascal until that of Bramah, who in 1796 
took outa patent for a water-tight collar, and thus made the hydraulic 
= an available engine. The collar is formed of a piece of strong 
eather in the form of a dise with a hole in the centre, and doubled 
down at the edges so as to form a ring, with the concavity downwards 
as shown in section », As this collar exactly fits the ram, the water 
when pressed upwards enters the concaye part, and presses it against 
the ram on one side arid the surface of the cylinder on the other, so as 
to produce a perfectly water-tight joint, which has the merit of being 
more completely water-tight as the pressure is increased, 
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HYDRAULIC RAM. [Hypropynamics.] They are also wry prope to into isomeric With 
HYDRAULICS. That branch of science which includes the the bisulphates of the alkalies orm crystalline com; They 


nomena of fluids in motion, and the modes of obtaining from 
useful results. It is usually limited to what are called incompressible 
fluids or liquids, and may relate—Ist, to the laws of the effluence of 
water from a reservoir; 2dly, to running-waters ; Srdly, to the use of 
water as a motive power; 4thly, ‘sn SRAEais Ser raleine peaked For 
the theoretical part of the subject we refer to HypropyNamics. Its 
applications will be found under Hypravtic Press; Pump; Syruon ; 
Screw, Ancnimepean; WaTer-Wueer; WatTer-MacHINE; &e. 
HYDRIDES. Com containing hy in 


either with an element or a com ical, but not forming an 
integral of a com radical, are termed hydri Thus the 
bodies (C,H,)H and AsH, are termed respectivel ide of meth 
and terh: of arsenic ; but the compound. radical methyl (C,H 


not termed a hydride, because in its relations to other bodies it plays 
the part of a simple or elementary substance. [Orcanic Raprcats.] 


The term h , a8 applied to the inorganic compounds of hydrogen 
has almost aes chase, cable forms of nomenclature bein, almost 
exclusively used for such compounds. Thue wails bes eal tas ore 


— of h with sulphur, nitrogen, and chlorine, hydrides, 
t sulphuretted hydrogen, ammonia, and hydrochloric acid. On the 
other hand, the term hydride has received very extensive a 
in naming organic compounds, amongst which we find hydrogen 
united, in the sense above described, both with positive and negative 

Hydrides of Positive Radicals.—These bodies, isomeric with the 
positive radicals themselves, constitute an important class of hydro- 
carbons, They are met with amongst the ucts of the destructive 
oes oF tee substances, and can be formed by two other 

, namely :— 

Ist. By heatir the potash salts of certain acids with excess of 
hydrate of as In this way hydride of phenyl [BEnzoux] is 
produced by heating benzoate of with hydrate of . 


C, ,H,O 
us eRe bo, 4 1} - ou} + 2KOCO, 


Benzoate of 
potash, 


2nd. The hydrides of the positive radicals are formed by the action 
of water upon the zinc compounds of the positive radicals, thus :— 


“et 4+ HO = Zn0 + oe} 


Hydrate of _—Benzole, 
potash, 


Zinemetbyl. Hydride of methyl. 
The following are the principal known hydrides of positive 
radicals ;— 


I, Ix rue Eroyn Fastiy, 
Formule 


Hydride of methyl, or light carburetted hydrogen. °#Hs } 


H 
Hydride ofethyt. 2 2 + 6 + Eth 

Hydride ofamyl . 4 2 2 + « » CreEn 

Il, Iv rue Poet Faminy. 

Hydride of phenyl, or benzole . . «  « » Ske} 
Hydride of toluenyl, or toluol » =. we » uk } 
Hydride ofcumenyl, orcumol . . .« « « CisTa } 
Hydride of cymenyl, oreymol. . + «+ « Coote 


Some hydrides of positive radicals are gases, others liquids or solids, 
They are remarkable for their stability and resistance to chemical 
agents. Paraffin probably ae to this class of organic compounds, 

Hydrides of Negative Radicals.—These bodies, commonly termed 

(from alcool dehydrogenatum), are intermediate between the 
alcohols and the derived acids, thus :— 


ois Jo, CoH0s } OHs0e Jo, 
ayant a ee 
Alcohol, Aldebyde, Acetic acid, 
are formed the action of ts uy) 
is ally. oan <4 oy the dey distillation 


alcohols ; wnanthylic aldehyde is obtained by the dry disti 
of castor oil, whilst a few others are met with formed in essential 
oils, The hydrides of the negative radicals are as remarkable for their 
instability as those of the 


re ee They 
aumly attract oxygen from the air and ito the corresponding 
; thus, vinic aldehyde passes into ¢ acid :— 
C.Ha0s } +O, = OoHaGs }o, 
en ane Re SY 
Aldehyde, Acetic acid, 


, 


are reducing 
heated with ths scluliea tithe sameneinciaeote of that metal. 
The following are some of the chief hydrides of negative radicals :— 


I, Ix rue Acerte Fauriy, 


Formule, 
Hydride of ethyl, or aldehyde . Ps OpMaOe } 
Hydride of propionyl 4 .  » CoaOe } 
Hydride of butyryl) =. 3 . «© - CyHrOs } 
Hydride of valeryl «4 we C1 0HeOe } 
Hydride ofwnanthyl .  . «Ce C14 } 
Hydride of palmityl. . st CoaHar0s } ; 
IL, Is rue Acnyiic Famity, 
Hydride of acryl, or acrolin =. . + CoHa0s } 
TIl. Ix rae Bexzore Fairy. 
Hydride of benzoyl, or oil of bitter almonds C1610. } 
Hydride of cumyl, or cuminol . « « C,H, 10s } 


Descriptions of 
under the 

HYDRINDIN. meget 

HYDRIODIC ACID. [loprvz.] 

HYDRO. A chemical prefix, see Cuemicat Nomenctature, No- 


iise podiive: and napplive hgttiies, ie ae 
ve radicals, 


menclature A Acids. 
HYDROBENZAMIDE. [Benzotone; Hypramrpes.] 
HYDROBENZILE (C,,H,,0,). A product of the action of sul 

of ammonium upon benzile. It isa less crystalline body, soluble 


in alcohol and ether, insoluble in water, fusing at 117° Fahr., and dis- 
It an odour like that of oil of bitter 


similar compounds of less certain constitution are met with 
the products of the destructive distillation of animal and 
substances; the illuminating effect of coal gas, for instance, is due 
exclusively to certain us and yolatile hydrocarbons, whilst coal 
tar and wood tar are in the same class of compounds, 

A large number of hydrocarbons, of which olefiant 
thr Peatpealiion being expressed by Sto: peameal Soca 

eir composition bei n re- 
: oan ot phonon Gomeeeae  enieiabol respectively by the 
an excess ; are 
formule CnHn+1 and CnHn+2. Another class, !to which benzole 
belongs, has the composition CnHn—6, whilst naphthalin seems to re- 
present a similar family of the form CnHn—12. Other h 
of the form CnHn—1 and CnHn—7, appear also to 3 
pe less extensively known than the other families, As 

state of ion, some h: ms are gaseous, as olefiant 

|, as benzole, and others solid, as naphthalin and 

e hydrocarbons of the form CnHn and CnHn—12 are 
uw by chlorine, bromine, and other its; whilst the 
CnHn +1 and CnHn+2 are remarkable their great indifference 
its, a characteristic which has given to one of 


towards chemical 
them the name (Orcantc Rapicats ; Hypripes.]} 
HYDROCELE (from , water, and x#An, a tumour) is a collection 
of watery fluid in the tunica vagi testis. It is ised by 
akas’s ryriicrss shina: fo Bre unk ablation Sppaaarteal 
i a pyriform » is ic, trans- 
when a light is placed behind it, and does not, Tikes hee 


from a few ounces to four or six pints. The disease often occurs 
in those who are otherwise in health, and in persons of all ages ; 
it may be seated on one or both sides of the body. The treatment 


consists, 1st, in the evacuation of the papel! ee es and, 2nd, in 

preventing it from accumulating —_ by active inflam- 
opposite surfaces of 

their adhesion and the obliteration of the cavity. 

i fulfilled by the injection of some stimulant fluid, 


18 generall 
introduction of a foreign body into the cavity. 


a 
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HYDROCEPHALUS (from #Swp, water, and xepadrh, head), water 
in the head, is a name ied to two diseases nearly peculiar to 
infancy and childhood, whi are distinguished as the acute and the 
chronic. These diseases differ entirely in their nature. Acute hydro- 
cephalus is a disease rapid in its course and essentially inflammatory in 
its nature, and of which the effusion of fluid in the head is but one, 
and that not a constant effect or concomitant. To constitute chronic 
by us (an affection which may last many years), the only 
Seticd condion is the accumulation of a watery fluid within the 
skull, which may or may not be caused by or attended with inflamma- 
action. 

og Acute hydrocephalus is a most frequent and fatal disease of the 
early stages of life. It occurs most commonly between the first and 
the eighth year, and corresponds in,a great measure to the inflamma- 
tion of the brain (phrenitis and itis) of later years. 

The rapidity of the disease when once formed, and its frequently 
fatal termination, render it a matter of the greatest importance to 
detect its first or premonitory symptoms. But these, which it fre- 
quently falls to the lot of the parents and friends only to observe, are 

seldom so marked as to be thought to demand medical 
aid, and are indeed with great difficulty distinguished from the 
sym} of other affections of far less formidable nature. 
child is perhaps liable to momentary giddiness while moving 
quickly, is fretful and nervous, and its rest is disturbed; it loses its 
appetite, its bowels are costive, and the motions offensive. The eyes 
become heavy and very sensible to light, the face is pale, and the fea- 
tures devoid of animation. There is more and more ipod meee to 
motion ; the little patient complains of heaviness of the head, and loses 
its 


after purgative medicine has acted, they should be looked upon with 
apprehension ; and if there be no known cause, such as the presence of 
worms in the intestines or the eruption of a tooth, to account for them, 
should be closely attended to from the commencement. 
The symptoms more surely indicative of the disease are more in- 
tense pain in the head, to which the child constantly carries its hand ; 
intolerance of light, sound, and motion; squinting; heat of the head ; 
knitting of the brows; disturbed sleep, with grinding of the teeth, the 
child frequently waking with a scream; the being at the same 
time slow and i , and not quick as in fever from worms or 
The appetite is lost, the evacuations from the bowels are 
Leer. and yomiting ensues. The abdomen, if ously dis- 
tended, now falls in and becomes quite flat. Stupor, interrupted by 
screams, follows. After these sym have continued for some 
hours or there will sometimes be a temporary recovery of sense ; 
the child see, hear, and know its friends, and will take its food ; 
but this promising state is soon interrupted by convulsions of the 
whole , or of one side, paralysis of one side, return of the squinting, 
complete of sight and hearing, and inability to swallow; still 
greater emaciation ensues, the breathing becomes irregular, the ex- 
tremities cold, and death follows. 

This is the more usual course of the disease; it then generally lasts 
several days or even weeks. But it in some instances comes on sud- 
bg proves fatal in a few hours. In other cases the symptoms 
are severe and more prolonged ; and chronic hydrocephalus gradu- 
sg, Se itself. : 

which are found in the brain after death are con- 

gestion of the blood-vessels, effusion of serum mixed with lymph in 

variable ity between the membranes at the base of the brain 

or in its cavities, and softening of the substance of the brain itself, 

i of those parts of it which form the floor of its cavities or 

ventricles. Sometimes there is merely effusion of clear serum, some- 
times no effusion, but softening of the cerebral substance. 

Causes.—Children of ous diathesis, or of irritable tempera- 

and those of precocious intellect, with a large head, are most 
subject to this disease. It may in fact be essentially regarded as a 
disease of scrofulous origin. Scrofulous children should be as much as 
possible from agencies likely to excite increased flow of blood 
to the brain, such as cold or external violence to the head, the influence 
of the sun, the suppression of eruptions of the skin, and particularly 
of the scalp, the use of narcotic remedies, as opium, too t excite- 
ment of the mind, and the early exercise of the Tntellectuat wers. 

The treatment must vary in the different stages of ii dhacese, but 
will generally consist in endeavouring to subdue inflammatory action, 
in temoving any causes which may, directly or indirectly by sympathy, 
keép up irritation of the brain; and lastly, in the latter stages, in 


os, ered the strength of the : 

In order to subdue the disease in the inflammatory stage leeches 
should be applied to the temples, and some have even recommended 
the abstraction of blood from the jugular vein. Active purgatives 
should be administered, and the circulation should be controlled. 
Mercurials were formerly recommended, but the fact of the origin of 
this disease in a scrofulous habit has led to a considerable modification 
of this practice. When the active symptoms have been subdued, an 
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alterative course, consisting of iodide of potassium with slight tonics, 
have been found most beneficial. 

Spurious hydrocephalus.—There is a form of disease to which child- 
ren are liable, and which has been called spurious hydrocephalus, which, 
with symptoms closely resembling the above disease, comes on, never- 
theless, in an opposite state of the system. It arises from depletion, 
loss of blood, or active medicines. In these cases active remedies 
speedily destroy the life of the child. Dr. Watson states that as these _ 
cases are very difficult to distinguish from those of acute hydro- 
cephalus, he is guided by the state of the unclosed fontanelle. If the 
unclosed fontanelle be convex and prominent, he regards it as indicative 
of the acute form of the disease; but if it be depressed and concave, 
he prescribes a better diet, ammonia, brandy, and arrow-root, instead 
of depletants. 

2. Chronic hydrocephalus.—The disease to which this name is applied 
is correctly denominated water in the head, being always accompanied 
with a considerable collection of watery fluid in the cavity of the head, 
sometimes within the membranes of the brain only and exterior to the 
organ itself, but more Ska epee in the ventricles or cavities of the 
cerebral hemispheres, which are then distended to the form of a sac. 
The quantity of fluid is sometimes so great as to cause an increased 
size of the skull, amounting to great deformity; the face, remaining of 
its natural size, appears disproportionately small. The disease gene- 
rally arises before or very soon after birth ; and the cranial bones not 
being completely ossified at the time of its commencement, they 
become to a distance from each other, and the sutures re- 
main open for a long period. When the disease comes on after birth 
its early progress is very insidious. 

Symptoms.—The intellectual faculties are always gers ep and the 
senses generally more or less disordered; there is usually impaired 
vision or blindness, with squinting ; speech is imperfect ; the voluntary 
power over the limbs is partially lost, giving rise to an unsteady gait, 
as a frequent symptom. The digestive functions, respiration, and 
circulation, are in most cases unaffected until near the termination of 
the disease. The unfortunate patient is sometimes the subject of 
occasional epileptic fits. In the fatter stages of the disease the loss of 
intellect ee of the power of motion increases, till at last complete 
coma and paralysis ensue. 

The duration of the disease is extremely various. It may terminate 
fatally even before birth, or the child may live for many months or 
years. A man named Cardinal, the subject of water in the head, died 
a few years since at Guy’s Hospital, aged thirty-two years: and a 
woman is mentioned by Gall and Spurzheim as having lived to the age 
of fifty-four years, though after death four pints of fluid were found in 
her head. -. 

The amount of fluid accumulated in the brain or its membranes is 
as various as the duration of the affection. It may not exceed half-a 
pint or a pint, or it may reach the quantity of several pints. In the 
patient inal, ten pints of fluid were contained in the head. Cases 
are recorded in which as many quarts have been found. 

Causes.—The children of scrofulous parents, and those of a rickety 
diathesis, are most prone to chronic hydrocephalus. Any causes acting 
on the mother so as to interfere with the proper nutrition of the footus 
may produce it. Sometimes several children of the same parent are 
similarly affected from birth. Chronic hydrocephalus may be left as a 
consequence of the acute disease. 

Treatment.—In the majority of cases medical treatment is quite 
useless, except in the early stage of the disease, and when it has come 
on subsequently to birth. If there are symptoms of subacute inflam- 
mation existing, the means calculated to subdue this are used with 
benefit. The next great object to be effected is to remove the accu- 
mulated fluid. This may be attempted by internal remedies Pa tte 
to accelerate absorption, or it may be effected by puncturing the head. 
The latter operation has been performed at different times by many 

ms, and in numerous instances with success, 

HYDROCHLORIC ACID, [Cutorine ; Hydrochloric acid.] 

HYDROCHRYSAMIDE. [Curysammic Actin.) 

HYDROCYANALDIN (C,,H,,N,). A product of the action of 
hydrocyanic and hydrochloric acids upon aldehyde-ammonia. When 
these bodies are gently heated together they form alanin [ALANrN], but 
without heat the reaction produces hydrocyanaldin : 


3 Omer} + 8C,NH + 2HCl = C,,H,,N, + 2NH,Cl + 6HO 
‘ a ue —Y 


Hydrocyanic 
acid, 


— 
Aldehyde Hydrocyanaldin, 


ammonia, 


Hy din is a neutral, insipid, and colourless crystalline sub- 
stance. Heated with potash, it disengages ammonia, whilst the solution 
becomes brown from the separation of resin of aldehyde. 

HYDROCYAN-HARMALINE (C,,H,,N,0,, C,NH). An organic 
base composed of harmaline and hydrocyanic acid. It is best obtained 
by dissolving harmaline in a weak boiling solution of ~, beeen acid, 
and then filtering whilst hot. As the liquor cools, the crystallises 
out in thin rhomboidal tables, soluble in water and alcohol. It forms 
very instable salts with acids, which readily decompose into salts of 
harmaline and free hydrocyanic acid. 

When nitroharmaline is treated in the same way, it yields another 
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a eRe aline, having the formula (C,H 
0. Oye Chi) HaRMALINE. ] a a 


DROCYANIC ACID. ore 
HYDROCYANO- NITRO I { Hyprocyay-narma- 


LINE. 
HYDRODYNAMICS. Under this word are usually comprehended 
i uilibrium and of motion in non-elastie fluids, with 


the fluid on bodies immersed in it, or containing it, form the sub: oe ce 
hydrostatics. H ies, which was formerly included the 
term Aydrautics, is concerned chiefly in investigating by mathematical 
or in showing from observation and experiment, the laws 
relating to the discharge of fluids through orifices and tubes in vessels 
or reservoirs, and to their motions in canals or rivers. 
the laws of the motions of fluids as they were known to 
the ancients, little can be said; the only notice of this branch of 
science, even in the time of the Roman empire, is contained in the 
treatise ‘De Aqueductibus, which was composed by Frontinus, in the 
of Nerva or Trajan. This writer shows that the quantity o! 
from an orifice depends on its itude, and on the 
of the water in the reservoir above the orifice; and he states 
to an orifice permitted a greater discharge of 
obtained from a simple perforation of equal dia- 
however, to be ui uainted with the manner of 
@ velocity when the height or head of the water is 
it is not certain that this elementary proposition was 
time of Torricellius, who, in 1643, assigned the law 
correctly, for that case only, however, in ‘which the aperture is very 
small compared with the height of the water in the vessel or reservoir. 

It appears that, even at the end of the 16th century, the cause of 
the ascent of water in pumps was little known; for Galileo, having 
occasion to make some observations on the phenomenon, could give no 
better reason for it than that it was caused by an attraction which he 
supposed the piston exercised on the water; and not being able to 
take the column of water follow the piston when the latter was about 
34 feet above the surface of that in the well, he attempted to explain 
the circumstance by saying that the weight of the column was then so 

as to overcome the attraction of the piston. We are indebted to 
orricellius for the discovery that the rise of the water is owing to the 
pressure of the atmosphere on that which, in the well, surrounded the 
pump, and which is thus forced into the barrel, in consequence of 
the removal of the internal air, till the weight of the column raised is 
in equilibrio with that pressure. [Banometer.] 

Castelli, a disciple of Galileo, in his treatise ‘Della Mesura dell’ 
Acque Correnti’ (1628), appears to have been the first who applied 
himself to the investigation of the motion of fluids in rivers; and, 

er with several other circumstances relating to such motion, he 
shows that when the bed of'a canal whose transverse section is variable 
has taken a permanent form, the velocities at different sections are 
proportional to the areas of those sections. This branch of 

the science was subsequently much cultivated in Italy, probably on 
account of its connection with the important operations then in pro- 
gress for improving the navigation of the Po and draining the marshes 
in the northern part of that country. The Marquis Poleni wrote, in 
1695, a work entitled ‘De Motu Aque mixto;’ and, in 1718, another 
concerning the flow of water through orifices and short tubes; and 
numerous works containing the results of their vai? peor and 


Shean att to the same subjects, have been e public by 
distinguished Italian mathematicians. 


The ‘ Principia’ of Newton contains (lib. ii., sect. 7) a series of tg 
positions concerning the motions of fluids. In the first edition (1687) 
the law of the velocity of water flowing from vessels, being founded on 
sa made with orifices of considerable magnitude, appeared to 

iffer from that which had been observed by Torricellius; but the 
discovery of the vena contracta, which was introduced in the second 
edition (1713), lained the reason of the t discrepancy, 
Newton also investigated the resistance of fluids to bodies mo ng in 
them; and it may be said that his theory forms the groundwork of all 
our knowledge concerning that subject. 

Daniel Bernoulli (in 1738) was the first who applied the higher 
branches of mathematical analysis in the investigation of general equa- 
tions relating to the problems of hydrodynamics ; and though objections 
were made to the principle which he adopted, yet the independent 
investigations of ding mathematicians have only confirmed the 
results at which the former had arrived. The subject was taken up in 
1744 by D'Alembert, who, assuming that the motion of each hori- 
zontal lamina of fluid in a vessel, during its descent in consequence of 
the efflux from the orifice, is compounded of two motions, namely, 
that which it had at the moment preceding any given time, and that 
which is subsequently lost, arrived at equations containing, in the 
implicit form, all the circumstances attending the efflux at the orifice. 
And, subsequently, he investigated corresponding equations from the 

ion, first, that a rectangular canal supposed to exist in a fluid 
mass which is in equilibrio iwiteelf in equilibrio ; and secondly, that a 
molecule of fluid supposed to be incompressible retains the same volume 
under a different form in passing from one place to another, 
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these laminze e their 
when they assume the 
t. In the 


expressed by 2, and its area (perpendicularly to the axis’ \ 
have eiltl ‘or the volume of the ; also D its r, we 
have apdx for its mass. The force with which 
downwards is its ity, and the resistance experienced in the descent 
is the excess of the from below upwards over the downward 
pressure of that above the plate. If g represent the force of gravity, 
then p ag dx is equal to the action of gravity on the plate in its or 
that is, the weight of such a lamina. 
Fed Rh spacer? heer ep Agee atten hs fh tee 


i elementary 
hinges 4 the up) 
Bros U which the lamina descends will be dx This 
‘orce i e pdx—adp. 
being ee the inser of ae intber wil (hy Sakae gE 


gavdzr—adp gv dz—dp 
= aT A for the accelerative force of descent, 


But in variable motions the accelerative force is expressed by 4 


dx 
(v being the velocity and ¢ the time); or, since 7= A> the accelerative 
Px Px gvdr—dp 
force is expressed by 7a + therefore Fe = pax 
But the quantity of water owing through the orifice at B in anj 
iven Sy evidently equal to that which would pass. u 

the space pp’ qq, whose de is dx, in the same time; if r be 
velocity of a particle in its descent through the depth pg or r 
that of a particle in the orifice, we ve, in the clemefit, pt 

au 

a 


time (a being the area of the orifice), a’ udt=ada, or dz= 
a’ dudt 


@ 

which, being substituted in the above equation for £3, we obtain 

qpdz—dp ,, a'dudt : 
9A d@= 


whence, considering a, a’ and dt as constant, we get d*rc= 


dx 
,oragodx—adp=pa' du Te 


dx f 
Bat the equation a’udt=adzx gives 7 = =; therefore the last 
pa?udu 
equation becomes gpdx—dp= I. whose integral is gp x—p 
datu* ‘ 
= —Zqr + constant; whence 


42 
p=gpa—4 S u? p + constant. : 
Let v=h (=48) and a=a', then 


p=gph=\nw + constant; 


rt 


———————=— 


the effluent water diminishes continually. 
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and subtracting this equation from the preceding, we have 
42 
o=gxz—} < w—gh+ hu. 


, according to the theory of fluid threads, the relation 


This 
between the velocity wu and the difference between the weights of two 
filaments 


of the fluid having unity for the base of each, and whose 
/2 
heights are h and z, When x=o, the equation becomes o= —} ad 


—gh+%u?; or considering the orifice as infinitely small so that a’ 
and the whole first term of the second member vanishes, we have 
o= —gh+4u?; whence u= /2 gh. 

Now gh the weight of a prism of fluid having unity for 
the area of its base and whose height is h, h being the vertical distance 
of the surface of the fluid from the centre of gravity of the orifice, 
which is called the “ charge of water” on the ; and this is the 
Pemeeee ot ee fla inst a small orifice at the bottom of the vessel : 

, While the height / is the same, the pressure is the same whatever 

be the ee or inclination of the orifice: therefore ./2 gh will ex- 
e velocity at the same , whether the orifice be at the 
Sealine ce side c the vessel. By the theory of d ies this is equal 
to the velocity acquired by a body in descending e gravity through a 
h, — to that of the co! of fluid, the orifice being infi- 

Tt may be concluded from the above theorem, that, the velocity of a 
fluid spouting upwards through an orifice in a vessel would cause it to 
ascend to the level of the up surface of that in the vessel, if the 
resistance of the air and of friction were abstracted. Hence we see 
that if q=waste of water per second, m=a constant coefficient, d the 
surface of the orifice; then ga=mud=md /2gh. Now m is found to 


we shall have w=°82./2 gh, and the crt en a 658/72 h. 


8, at different 


square roots of the depths; and the quantity of water which would 
be discharged in a given time ¢, througlt an orifice @ in a vessel kept 
constantly full at the height h, is expressed by a’ ¢ +/ 2gh. 

ae Yohoniiy % oe +/ 2gh expresses the length of a cylinder of water 


which would flow through the orifice in one second ; consequently the 
oe af & discharging, from a cylindrical or prismatical yessel, ne foes 


whose base is a and whose height is h, a quantity of water equal 
which the vessel will contain, the latter being however kept 

full during all the time that the water is flowing, will be found by 
making ah equal to a’t»/2gh; whence ¢ (the time required) = 
a 2 
a Vag" The value of g is 32°19 feet, or 386°28 inches; and in these 
values of u and ¢ it is evident that the areas and height must be of the 
same ion as 9. ‘ 
When a veseel is mffered to discharge itself gradually, the velocity of 
; ow if x be the depth to 
which the water has descended at the end of the time ¢, h being the 
whole height when the vessel is full, h — z will be the height of the 
fluid at that time ; and we shall have +/ 2g (2 — <) for the velocity in 
the orifice. sie ne be eenpened qoanant ot ing the time dt, and 
then the quantity of fluid discharged in that element of time would be 
equal to a’ dt ~/ 2g(h— <x). In the time of this discharge the u 
surface of the fluid will descend through the depth dz; therefore the 
area of the upper surface being a, we have adx = a’ dt »/ 2y (h— <), 


a 
= 5 lt ‘ss . . s 
and dt 7 Jip Vig haa the vessel is an upright cylinder or prism, 


a is constant, and the integral of the expression is (= — ft ime 
a! 2g 

+ constant, But, when «=o, we have t=o; therefore o= — eh. 
a a /29 

Vh + constant; whence t= ST (Vh—</7h=z); which, when 

a 2h 

a=h, becomes t= 4 Vv ri and comparing this with the time in 

which an equal quantity would run off, the vessel being kept it wi 

be foufd to be double the latter.” et 


water in a vessel in one side of which is furmed the orifice whose 


the 
axis is cB, and imagine the horizontal ordinates at m and to be drawn 
‘ 


indefinitely near each other. Letc s=h’, co m=2, the ordinate at m=y, 
mn = dex: then ydx is equal to the elementary area Of the orifice; 
and the water flowing through the area in the time ¢, being that which ° 


is due to the height a m, is expressed by ty dx ,/ 2g (h’ + x); which, 
being integrated between x=o0 and z=h—h’, would give the 
quantity of water discharged through the whole orifice in the time t. 
If the orifice were rectangular, y would be constant: suppose it =}; 


then the indefinite integral would be b¢ 2g f(h’ + «)# da, or 
abt 2g (k’ + x), which (between the said limits) becomes 2b t /2g 


(h® — h/): and if the orifice extended from the bottom. to the top of 
the vessel, having then #= h, or 4’ = o, the expression would be 


3bt /2 gh Ifa rectangular orifice of the same form and magnitude 
were situated at the bottom B, with its longer side (= h) horizontal, 
the breadth b being very small in this, and also in the preceding case, 
the quantity discharged in the same time ¢, the velocity of the effluent 
water being now equal in every part of the orifice, and being that 


which is due to the whole height h, would be expressed by 0 ¢ +/ 2g ne, 
The discharge found above is manifestly equal to two-thirds of this 
quantity. 

In the second book of the ‘ Principia,’ Newton shows that all the 
particles of water issuing from an orifice in a vessel do not pass per- 
pendicularly to the side or bottom in which it is formed, many of 
them converging towards the orifice in every direction; so that after 
passing it they form a stream of diminished breadth, which he called 
the vena contracta. The section of the vena contracta may be taken as 
equal to 5-8ths of the actual orifice, as has been shown by Mr. Rennie, 
in his ‘ Report to the British Association,’ for 1834. 

M. Savart has demonstrated the existence of certain eddies formed at 
the orifice by the issuing jet, caused by some water above the orifice 
trying to get out and coming into contact with the resisting walls, and 
by some water below it being moved by the falling mass above it, thus 
producing a set of forces acting by couples. Hence the issuing water, 
although it always has its motion of translation perpendicular to the 
resisting surface, has, besides, a rotatory motion caused by these 
eddies, The irregularities of this rotatory motion then tend to cause 
a disintegration of each successive section; and hence, between the 
thicker or normal drops there come out smaller ones, thus forming an 
irregular stream of varying width. Savart has shown that each drop is 
formed by an annular enlargement at the orifice, which is propagated 
along the jet and causes this disintegration by a succession of such pulsa- 
tions. ~The number of these —— directly as the velocity of the 
jet, and inversely as the size of the orifice. It is remarkable that these 
pulsations are continuous enough to cause a clear musical note; and if 
with any instrument we produce the same note near, the pulsations 
become very regular, but cause no change in the amount or velocity of 
emission. When the orifices are not circular, curious variations in the 
geometrical figures, representing the sections at different distances from 
the orifice, are produced. 

When, again, a rising column of water impinges against a horizontal 
plate, we haye a remarkable appearance,—namely, a sort of disc of 
water, of which the interior is a transparent sheet, and the outer rim 
is a streaked space, along which lines of fluid stretch out and fall back 
in a very fine spray. The pulsations here, also, are very regular, and 
produce a musical sound. The relative size of the striated part to the 
whole yaries with the position of the intercepting solid. When a 
certain distance is reached this part vanishes, and:we have a wholly 


rameperens sheet. The forms also vary very beautifully, preg 
the plate is perpendicular or oblique to the issuing jet. M. Savart 
also given some curious results on the subject of the clashing together 
of two liquid veins, which we have not room here to describe, but 
which will be found in the ‘Annales de Chimie et de Physique,’ 
vol. liy.; and a brief summary in Pouillet’s ‘ Traité de Physique.’ 

We haye been recently enlightened as to the phenomena of issuing 
jets by the researches of MM, Savyary and Magnus, Bidone asserted 
that the spiral form of the jet was illusory; but Sayary, when account- 
ing for the curious dilations which he calls. ventral ents, showed 
that the efflux itself gives a vibratory motion to the liquid vein, thus 


causing the protuberances in question. Prof. Magnus, in the ‘ Phil. 
Mag.’ for Fe' and March, 1856, regards every jet as eomppeed of 
an indefinite number of united jets. He then examines the effect-pro- 


duced by the collision of two equal jets, coming centrally in opposite 
directions. These, as we should suppose from Savirt’s experiments, 
spread out at the confluence into a flat plate perpendicular to the axes 
of the jets. When they meet obliquely, but centrally, they form a flat 
plate, not circular, but oval. This also we should imagine @ priori ; 
for the force of each jet may be resolved into two others, one parallel 
to the plane bisecting the angle between the jets, and the other per- 
pendicular to it. The latter causes the elongation of the plate ina 
plane perpendicular to the direction of the force, as in the former case. 
When the water thus spreads out laterally, its motion does not cease, 
Jbut the plate, by its cohesion, contracts in width, and collects into two 


| new jets converging to one another. These then throw out a new 


ed perpeudicular to the first, and the same process is repeated, 
ing thus a succession of elliptic plates in perpendicular planes, like 


the links of a chain. 
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Again, if two jets meet obliquely, but not centrally, the liquid plate 
is still formed, but it is no longer flat, being twisted by its cohesion 
with the unimpaired parts of the jets. 

From these two last cases especially, Prof. Magnus has shown the 
formation of a single jet from an ori to be due to the clashing of 
several jets at the vena contracta, thus throwing out between them a 
me of an elliptic form, and so on throughout the whole liquid vein. 

chain movement of the jet thus produced is easily converted into a 
spiral one by any slight impediment at the orifice, or by currents, even 
very slight, in the cistern, since all motion whatever of water ina 
cistern necessarily resolves itself into rotatory motion ; because all other 
motions are destroyed the sides of the vessel. Besides this, even 
when there is perfect sti in the water of the cistern, rotation will 
take at an orifice, by reason of the motion of the earth. This. is 
well illustrated by Foucault’s pendulum experiment. [Gyrroscopr.] 
It is evident from this, that everything on the earth’s surface has two 
motions relatively to the earth—namely : one round the earth’s axis in 
24 hours; and another round an axis in itself, and parallel to the 
former, in the same period. The latter, in the case of a vessel of water, 
is resolved into two, one parallel to the liquid surface, the other per- 
pendicular to it; neither being visible, because the vessel and every- 
thing else have the same motion. The horizontal rotation, in the 
latitude of Great Britain, will be about }° per minute, so that the 
liquid has the rotation about its vertical axis. This will be abundantly 
sufficient to show the cause of the spiral motion of the issuing = 

Prof. Magnus, by introducing a tranquilliser,—that is, a con- 
sisting of four radiating plates,—in order to destroy the effect of this 
rotatory motion on the jet, succeeded in showing that, in this case, no 


ventral segments or any other irregularities were juced,—perhaps 
not even the vena contracta ; but the issuing column was perfectl: 
smooth and uniform. M. Plateau, however (‘ Phil. 5 Oct., 1856}, 


denies this statement, and shows, by reference to his celebrated method 
of ing the action of gravity on fluid veins, that a liquid cylinder 
is in stable equilibrium when its —— and diameter do not exceed 
the limit of 3 and 3°6, being in unstable equilibrium md this limit, 
so that it is ruptured spontaneously into a series of isolated spheres 
with alternating spherules. This effect of the formation of various- 
sized spheres is well shown in the fusion of a-platinum wire by a strong 
electric current. The wire is first elongated, and then, by the rupture 
of equilibrium of the parts, resolves itself, just as a liquid jet, into 
spheroidal particles. 

Lastly, with regard to the formation of the vena contracta in such 
cases, we shall see that it must be formed, if we consider the theorem 
of Torricelli, as correctly representing the approximate velocity of any 
affluent jet. By this theorem, as before shown, we have the velocity 
at the orifice given by the equation v°=2gs, where s is the distance 
from the surface to the orifice. Now, g is about 32'2 feet for the 
latitude of London : hence v?=64'4 x s x 


7. U = 8025 x V8, 


But it is shown by experiment, that this theoretic velocity (given by 
substituting any value for s proper for the vessel in question) is 
14 times the actual velocity, or this latter is 3 of the former ; so that 
we must reckon the actual height of the surface, not from the orifice, 
but from the vena contracta itself, in which case Torricelli’s theorem 
is in accordance with experiment, 

The distances, measured on a plane passing through the base of a 
vessel, to which fluids will be projected from orifices at different 

in its side, may be easily determined (the resistance of the air 
being neglected) by combining the action of gravity on the particles of 
fluid after they have left the orifice with the velocity communicated 
to them in consequence of the arising from the depth of the 
orifice below the top of the column; and the path of the filament may 
be shown, as in the theory of gunnery, to be a parabolic curve. 

The results of experiments tend to show that, when the height of a 
head of water in a vessel and the diameter of an orifice in its base or 
side are given, the discharge of water through an ajutage, or tube 
inserted in the orifice (its length not exceeding three or four times its 
diameter), is to that through the simple orifice, nearly in the ratio of 
12 to 11; and it is observed that, with a given diameter at its farthest 
extremity, the tube which is formed to coincide as nearly as possible 
with the natural of the vena contracta affords the greatest 
discharge. When the tube is fixed vertically in the base of a vessel, 
the effect is increased in et ma are nearly to the length of the tube; 
since the velocity at the lower extremity of the tube is that which is 
due not merely to the height of the fluid above the base of the vessel, 
but to the height above the extremity of the tube. Again, if a short 
tube be applied horizontally to an orifice in the side of a vessel, the 
= nearest to the vessel having the form of the vena contracta, and, 

m the narrow part of the tube, diverging conically to the opposite 
end, the discharge of water is found to be more abundant than from a 
tube whose form beyond the vena contracta is cylindrical. For when 
the water has filled the tube, the cylindrical stream through the 
contracted communicates its motion laterally to the rest of the 
water, till Be causes Seo eat to acquire the ay velocity. — 
quantity — is case, compared with discharged from 
a cylindrical tube, is considered to be nearly in the ratio that the 
diameter of the conical tube at its extremity bears to that of the vena 


contracta. The following is the result of some experiments on this 
subject, showing the use of an ajutage ;— 2 


A vessel with a simple hole. . « discharged 62 quarts in 100 sec. 
A vessel with a pipe whose length=2 


diameters of the hole. ° . sad 83 " . 
A vessel with the same pipe inserted 62 

only half way in the hole . . ” ” a 
When the bottom of the vessel = the 

parabolic curve described by the 2» 92 ry 

particles . . : . ‘ 
With a bell-mouth added to this . : * a maximum, 


It is customary to express the slope, or inclination, of a or 
when uniform, by the quotient arising from the division the 
height of one end above the other by the whole length. But, in the 
case of a reservoir, as A B, having a conduit-pipe p E; let a a’ be the 
surface of the water, and x, in horizontal line F z, be the lower 
orifice of the pipe. Then, if ’c express the height due to the observed 
velocity at 8, G ¥ will be the height necessary to overcome the friction in 


the pipe, and = is considered as the effective slope. 

The of water through 1 ipes is retarded by 
adhesion and friction in the ite ine tee a cxperinea 
where bends take place, and by the di ent of air, which 
remaining stationary in the pipes when the latter are laid along a level 
gurtane, OF Hsing So the higher pents 92 ey. vette ees a an 

| ve 


obstacle and sometimes entirely arrests the motion of 
concerning 
and diameters ; and 


Experiments alone can, at present, afford information 

amount of the ion in pipes of given } and 

those which were conducted by the Abbé Bossut at Meziéres in 1779 
The water 


uring any experim: at one height ; which 
was either 1 foot or 2 feet above the axis of the pipe. “The general 
rules deduced from the experiments are,—that the 
times, with pipes of the same length and with the same head 
are proportional to the squares of the diameters; and, when the 
diameters are equal, the di i 
square roots of the lengths of the pi 
of obtaining by calculation the supply which may be 
ipe of given dimensions, it may be assumed that when a pipe is 
long and 1} inch in diameter, the di SS ee 
about one-half of that which would be obtained from a simple orifice, 
or short tube, of the same diameter. The experiments made by M. 
Couplet at Versailles, in 1730, were with pipes varied 
from 280 to 2840 fathoms, and the diameters from 4 to 12 inches. 
The pipes were of iron or stone, or of both combined, and sn | 
bent in various directions both horizontally and vertically. pipe 
whose | was 600 fathoms, and which was 12 inches in diameter, 
when the head of water was 12 feet, afforded a di amo’ 
about jth; and Fos phy equal diameter, whose | was 2340 
fathoms, when the head of water was 20 feet, di 
that which would have been obtained from a simple orifice. 
found that, in order to produce a continued discharge in a pipe, the 
head of water should be about 13 inches in 180 feet. 
The motion of water in the bed of a river depends on the action of 
gravity, A a the particles endeavour constantly to descend, and on 


which 5 


bed, its motion would go on continually accelerating from its source to 
its mouth, like a solid body by the action of gravity; and the 
consequence would be, that besides the ion ensuing from the 


descent ; and then a uniform motion is ” 

But when a current is in a state of equilibrium, the velocities in 
different transverse sections of the river may be very uals on 
account of the variations in the areas of those sections, all of 


"4 


foe! Bocoat 


of the particles, by which they are enabled to assume a — 


a | 


| 
| 
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which the same quantity must flow in the same time; since otherwise 
the ibrium of the river would not be permanent. It follows that 
the products of the areas of the sections multiplied by the velocities 
_ in each must be equal to each other, and that the velocities in different 
sections must be inversely proportional to the areas of those sections. 
If the difference of level between any two points on the surface of a 
river or canal, in a longitudinal section, be equal to one inch, and if /, 
in inches, be the distance of those points on the surface, the slope of 


the river may be represented by 5. Then, since the accelerative power 
of gravity vertically, is to the accelerative power on any plane, as the 
length of the plane is to its vertical height ; we shall have 4 for the 
accelerative power in a river whose slope is ; Again, if the resistances 
to the motion of the fluid were, as is sometimes the case, nearly pro- 
portional to the squares of the velocities, so that the resistance might 
e : * 
be represented by = (m being constant, and v representing the mean 


velocity) ; then (because when water in a river moves uniformly, the 
resistance is, as in all like cases, equal to the accelerative force) we 


Did 

should have =e g; whence v= /"-. But the resistances in canals 
and rivers are not strictly proportional to the squares of the velocities ; 
and it is found by experiment that, in one and the same bed, 
v {vi—hyp. log. Vi+T6} may be considered as constant, and may 
be represented by /ing. Also, in beds whose transverse sections 
differ both in area and figure, when the mean radius is represented 
by 7 (where 


cB of the secti 
gr erees BO! on) fig. 2 


arc ACB 


it is found by experiment that —Y"4— is constant and equal to 
307 inches; hence Vi =307 (Vr—0'1) and m=244 (Vr—0°1)%. 
Consequently we obtain 


v {vl—hyp. log. V7+18} =807 (vr—0-1), 


307 (/r—0'1) 
ore A/t—hyp. log. VT+18™ 
the conclusion that this expression for v must be diminished by 
0°3 (4/ r —0°1) on account of the resistance by which the particles of 
water oppose a separation from each other. (Du Buat, ‘ Traité 
d'Hydrodynamique.’) 


As an approximation we may make “mg = 307 WV 1, and 
v=307 v5. And by experiment it has been found that if v’=the 


velocity at the surface of a river, v” the velocity at the bottom, and v 
the mean velocity (all being expressed in inches per second), we shall 


haye 
vo" =(/ v'—1) and v=} (v' +0"). 


But further investigation leads to 


The mean velocity in any one section may be practically found, 


tolerably near the truth, by placing in it a rod of wood loaded at one 


end with a weight sufficient to allow it to float upright in still water. 
The greater velocity at the upper surface will make the rod incline 
towards the of the stream ; and, consequently, when it has 


a state of equilibrium, it will float in an oblique position : the 
_ top of the rod will move slower than the water at the upper surface of 
Gan iver; eaed the bettors will move tastes than tak ia the lower 

of the breadth of 

he observed velocity of 

used, in which is a turning 

shaft, communicating by a screw-channel with a meter, and carrying 

four like a windmill. _The experiment must be tried in different 

parts of the breadth of the river ; and, in order to find the quantity of 

water which flows the section in a given time, the area of the 

section must be obtai measuring the th and sounding the 

Tesbiodge. of the vel ty att bottom 

o' velocity at the of a river is of consider- 

ee etling the hydraulic engineer to judge of the action of 
the stream on its 3 and it io evidens NG te enoeed 


the accelerative force of the water should be in equilibrio with the 
tenacity of the channel, The following table shown the superior limits 


of the velocity which the water should have at the bottom. of canals, 
according to their nature, without wearing them away :— 


Weakened earth . > + 2°5 inches per second. 
Light soft clays . + 4 o sre® a 
GEMiGees 1. | js 98 4 
Gravel . « 19°7 5 
DONGIERE es + | le we) 20, 10°08 5 
Broken stones, flints . . « « 39°4 ” 
Agglomerated pebbles and schist - 49 re 

. - 59°1 re 


Rocks in layers . 
Hard rocks . . 98 < 
Irregularities in the sides and beds of rivers, whether arising from 
natural causes, or produced by artificial obstructions, are the causes of 
currents setting obliquely across and of eddies being formed. These 
not only diminish the velocity of the water by creating impediments to 
its motion, but are sometimes seriously detrimental to the navigation, 
and to the stability of the structures which are founded in the bed of 
the river. When walls are made to project into the stream, the water 
striking them is forced to rise above its general level, on account of the 
obstruction ; and is afterwards reflected towards the middle of the 
channel, with a velocity due to the rise thus produced. This current 
carries with it, by a lateral communication of motion, some of the 
water from the parts beyond the obstruction; the surface of the river 
being here, consequently, depressed, a portion of the water from the 
a current falls by gravity into the lower part, and thus a sort of 
whirlpool is formed at the place where the obstruction terminates. 
This process goes on continually; and the pressure upon the bed of 
the river under the whirlpool being diminished in consequence of the 
centrifugal force arising from the spiral motion, the water under the 
bed forces its way upwards, removing the gravel and sand, and fre- 
quently displacing the materials which form the foundation of the 
work there constructed. 
When a body moves in a fluid at rest, its anterior surface being per- 
— to the direction of the motion; if an indefinitely thin 
ina of fluid be supposed at every successive instant of time to be 
i the resistance experienced by the moving surface may be 
considered equal to the weight of a column of the fluid whose base is 
the surface pressed, and whose height is that which is due to the 
velocity : that is to say, the resistance may be supposed to be equal to 
the pressure which would produce the same velocity at an orifice in 
the base or side of a vessel. A difference of opinion has however 
existed respecting the amount of the pressure sustained by the moving 
surface. For a vein of water issuing from a vessel and striking a plane 
surface at rest is shown by Newton (‘ Principia,’ lib, ii., prop. 36), (and 
the fact seems to be confirmed by the experiments of Krafft and 
Bossut), to exert a pressure upon that surface equal to the weight of a 
column of water whose height is twice that which is due to the velocity. 
Du Buat, however, has proved that, even if such should be the case with 
respect to the central part of the impinging column of fluid, the mean 
pressure is less, on account of the lateral deviations of the exterior 
filaments, and the amount first stated above is that which is generally 
assumed. : 
If the velocity be represented by v, the height due to that velocity 


is equal to agi then a representing the area of the moving surface; 
and p the specific gravity of the fluid, we shall have $e D for the 


g 
pressure against, or the resistance experienced by that surface in 
moving through the fluid. 

But when the anterior surface of the moving body is oblique to the 
direction of the motion, the resistance above found must be diminished 
on sone of the inclination. AB ga let 1 be that inclination ; the 
number of parallel filaments which act against a plane perpendicularl. 
is, to the number which can act upon it in ps oblique position, mf 
radius (=1) is to sin. 1, And by mechanics, the intensity of any force 
acting obliquely on any plane is a decomposed part of the whole force, 
and is to the latter in the ratio of sin.? 1 to rad.2(=1), Therefore the 
effective pressure against an oblique plane varies, as sin.’ 1; conse- 
quently when the moving plane is oblique to the direction of its 


motion, the resistance which it experiences is to be expressed by ka 


Dsin#t , 

If a cylindrical body, terminated in front by an equilateral cone, 
move thro a fluid in the direction of its axis; it can easily be 
shown that resistance experienced is one-fourth, and if the body be 
terminated in front by a hemisphere, the resistance is one-half of that 
which would be experienced by the same cylinder if it were termi- 
nated in front by a plane perpendicular to its axis. 

When a prismatical 'y is placed in a stream of water the effort 
necessary to keep it immovable in the fluid is equal to the difference 
between the pressures in front and -behind, The pressure in front is 

ual to the sum of the pressure produced by the moving water and 
of the dead pressure, as it is called, which takes place when the body 
is at rest in still water; and the yressure on the rear face is merely 
equal to this last. When a body of that kind is made to move ina 
fluid at rest, its progress is retarded by the same difference of the 
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pressures before and behind,-and by the friction of the water against 
the sides. Additional causes of retardation are the heaping up of the 
water in front when the velocity is considerable, and a diminution of 
the pressure on the hinder face on account of the surface of the water 
there being depressed below the genera level ; a circumstance arising 
from the lateral communication of motion in fluids, by which the 
water, driven off from the front, and proceeding in a diverging direc- 
tion on each side towards the rear, carries away with it from thence 
some of the water which should counteract in part the pressure on 
the front. 

Mr. Scott Russell in the‘ Report of the British Association,’ for 1835, 
and Mr. Macneil! in the ‘Transactions of the Institution of Civil 
Engineers,’ have given the following laws for the resistance to boats 
moving on canals; but for the practical reading of these laws we must 
refer ee Hikes momyred! «6 re 

1 rise or emergenc® depends on the velocity of the vessel. 

2. The resistance depends on the velocity or magnitude of the wave 
which is generated. ‘ 

3. The resistance increases rapidly as the velocity of the body ap- 
Zepechen the velocity of the wave, and is a maximum when they are 

ui 
< If the velocity of the body be greater than the velocity of the 
wave, the resistance diminishes; for the body is poised on the summit 
of the wave in stable equilibrium. 

5. The velocity of wave is independent of the breadth of the 
fluid, but varies as the square-root of the depth. 

6. In every navigable river there is a velocity with which it is easier 
to ascend against the current, than to descend with it. 

7. Vessels on the summit of the wave may move about 20 or 30 
miles hour. 

With regard to the form of vessel best adapted to diminish this 
resistance, they add ;— 

1, A cylinder will meet with less resistance in a fluid than a plate of 
the same dimensions as the end of the cylinder; and a cone with its 
butt-end foremost is better than either. 

2. There is no fixed ratio of breadth to length which is best. The 
longer the better, but the breadth varies with the burden. 

3. The section of greatest breadth should be always abajt the middle, 
about 3-5th of the length from the bow. 

4. Lastly, the water-lines should be hollow, of the form called the 
“waveform,” first concave, then convex. 

We may conelude this article with a notice of one of the many hydro- 
gave engines, referring to separate heads, as indicated under 

YDRAULIcs, for other contrivances, in which the water is to be 
raised, or the force of water to be employed. 

The Hypravtic Ram, which was invented by Montgolfier at the 
close of the last century, and improved by his son, consists, indepen- 
dently of the feeding cistern, of a pipe which carries the water to the 
head of operations. This part consists of a short tube, at the upper 
part. of which, as well as at the end, are two valves, the stop-valve, 
and the ascension-valve } the extremity is in a bell filled in its upper 
part with air, and its lower with water. The ascension-valve being 
closed, the water will come from the reservoir with increasing velocity ; 
and leaving it by the stop-valve, will shut it: then, by the vis viva 
which it has acquired, it will strike the ascension valve, and open it, 
and so penetrating into the reservoir of air, will compress it, and make 
the water in the ascension-tube rise ; then the elasticity of the air, and 
the weight of water in the ascension-pipe will, of course, absorb partly 
the vis viva acquired with the water and will give it a powerful motion ; 
hence, by reason of the erg, Br motion of the water, the ascension- 
valve will shut, and there will be formed a partial vacuum under the 
stop-valve, which will open,and so on continually. Hence this machine, 
when once set in motion with a continual supply of water, will work b 
the momentum generated and destroyed for any length of time, 

in repair. 

e accompanying figure represents a vertical section of the im- 

ed construction. The water arrives from a cistern ata higher 
evel, by the horizontal pipe a, over which is a circular opening con- 
taining a valve v, which acts as a stoppage valve, and is oubpawtedt by a 
stem. Further on the pipe ascends into a small reservoir ©, called the 
air matrass; the air contained in it is compreased by the ascending 
water, while the lateral pressure of the water o: the valves vv’, and 
enters the larger reservoir Fr, which it ly fills, and compresses the 
air confined in the other part of it. The reaction of this air on the 
surface of the water causes the water to ascend the force-pipe a. When 
the stoppage valve is down, as in the figure, the water overflows the 
opening above it, and passes into a waste reservoir, thereby ucing 
a rapid increase in the velocity of the current in a, which, acting on the 
under surface of the valve, forces it up, and closes the opening by 
which the water escapes. This momentary confinement of the water 
causes it to force ite way into the cylinder oc, where it com the 
air and produces a reaction, which opens the valves vv’, pad p portion 
of the water enters the vessel .y, and further compresses the air 
there. These resistances retard the current a, and relieve the sto 
valve from the impulse which raised it, so that that valve again fi 
and the valves vy’ are closed. The water again escapes from the 
opening over the stop; valve as shown in the figure, the current 
in « is again accel ; the stoppage valve is once more closed, and 


the same series of effects is repeated. 
pulsations water is continually elevated 


gradually absorbed by water, the compressed air of the vessels ¢ and ¥ 
is liable to be carried away by the water up the fore pine G, the 


of which would be to subject the machine to shocks which would 


destroy the uniformity of its action and injure its working parts. To 


prevent this, an air-valve is provided at s, which, opening inwards, 
admits air during the intervals when the stoppage valve is closed. The 
air in rushing through the valve s makes the sound like the sniffing 


he ne 


a person's nose, and is hence called a snifting valve. It may consist of . 


a tube of capillary bore, and be left entirely open. 
HYDRO-ELECTRIC MACHINE. [Execrricar Macurxe.] 
HYDROFERRIDCYANIC ACID. [Ferrmoyante Acip.] 
HYDROFERROCYANIC ACID. [Frrrocyanic acrp.] 
HYDROFLUOBORIC ACID. [Fivorrez.] 
HYDROFLUORIC ACID, [Fivornve.] 
HYDROFLUOSILICIC ACID. [Ftvorme.] 

HYDROGEN (H), an elementary body, which, as it is known only 
in the aériform state, is usually termed hydrogen gas. From the 
earliest dawn of chemical science, elastic fluids haye been known which 
had the property of burning on the ap; h of flame, and were con- 
founded under the general name of holoueahas air, As it was after- 
wards found that there was a difference in their densities, they were 
distinguished as light and heavy inflammable air ; it is the former of 
these which is now called hydrogen. Hydrogen gas was first minute! 
examined, and the mode of preparing it in various wa: 
Cavendish. [Cavenpisn, Henry, in Nar. Hisr. Dry. 

In nature, hydrogen is found in the free or uncombined state, as a 
constituent of volcanic In comparatively small quantity it 
occurs associated with phosphorus, sulphur, carbon, pa nitrogen, 
forming gaseous compounds; it is a constituent of nearly all the 
proximate principles contained in animals and vegetables; but united 
with oxygen, it constitutes jth of the total weight of that familiar com- 
Ty al pared from water. If the 

H is always pre m. , 16 gas is 
absolutely pure, the water is decom by a current of el 
the hydrogen being collected from 
sing cell, and, if n 
with pieces of chloride of calcium. er process, valuable because 
instructive, consists in ing a fragment of potassium or up 
into a small quanti water in a test tube, the reinaiing parton 
of waich is filled with m , and inverted over the mercury trough ; 
the sodium idly attacks the water, combining with its oxygen 
form oxide ee (soda), 68 ee its hyd any bi 
latter element, gaseous, expels the greater or all of th 
mereury from the tube. The following is the tend sae that takes 
place :— " 


Na + Ho = Nad ob H 
—— —— —— —— 
Sodium. Water, Soda, Hydrogen, wi 
Soe Caany urposes, hydrogen is prej by acting upon ulated 
zine with ‘fated sulphuric acid, The zinc, covered with water, 


is placed in a bottle or other convenient vessel to which a cork can 
be fitted, and strong sulphuric acid is then poured in by means of 
a funnel, to which is attached a tube passing through the cork to the 


into a gasholder, &. [Gases, Connection or.] Jn this 
sulphate of zine is formed, which remains in the generating ‘vessel 


wn + HO,80, = Zn0,80, + H. 


stated, by a a 


required 
: ectricity, 
e negative pole of the dooce 
, dried by pany passed thro’ a tube | 
An 


* 
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If it be required to produce hydrogen cheaply, though in a very 


impure state, it may be readily done by passing steam over iron 
borings heated to redness in a piece of iron gas-pipe. Under these 
circumstances the iron is converted into an oxide (Fe,0,), and the 
set at li ‘ 
Hyd is an No amount of pressure causes it to 
Senegal nk iecderoen- tin ths lighted body fa natare, boing 
and inodorous. It is the lightest nature, bei 
fourteen and a half times 


sixteen times lighter than oxygen, 
than 


lighter atmospheric air; its specific gravity is, therefore, 0:0692 
air being taken as unity. One hundred cubic inches of it weigh only 
214 


extinguishes flame; but when it meets with a supporter of 
ecilibindtiads, an onygiiy % bares readily, with a continuous but feeble 
When mixed with half its volume of 


: 
| 
b 
: 


Ht 
: 
Hi 
: 
fi 


i 
: 
; 


ater,” and yevvaw, “I 
, but when inspired for a short period it renders the voice remark- 
shrill; it does not appear to be poisonous, 
with a due proportiog of oxygen it may be respired 
inconvenience; when it proves fatal, it seems to do so by the 
_exclusion of o: 
pbs: et in water, 100 cubic reed erg At 
Sie i conti and a half of the gas; nor is there any other liqui 
ay oe 


of dissolving it in notable quantity. H, 
gaseous state nor in solution, possesses either acid or 
properties. In its combinations it is powerfully electro-positive, 

and chemically plays more the part of a metal than of a metalloid. 
In its separate state, hydrogen has riot been applied to any very 
useful ; but on account of its extreme lightness it has been 
to fill air-balloons; at present, however, coal-gas is substituted 
ic purposes, by reason of the facility with which it is 

ite i “ 


REE 
bE 
FS 


.| 


for aéronautic p 


of which serves 
as @ supporter of combustion, a considerable degree of heat is gene- 


rated. 
When a amall jet of hydrogen gas is burned, the flickering 
pines ‘aneis “Caney visunlesl wont when’ & tabe-ot: glam or 
|, or éven of paper, is held over it. Such an arrangement is 
as the hydrogen harmonicon, but any combustible gas will 
produce a similar effect. 
The equivalent of hydrogen is 1, and its combining volume 2. Its 
eombinations with other elements or radicals are called hydrides or 


Hydrogen combines with oxygen in three different proportions, 


1. Protoxide. . . . ° - HO water. 
2, Binoxide * . + + HOg oxygenated water, 
3. Teroxide . .« + HO, ozone, 


, or Water (HO) will be treated of in a 


1. Protowide of H, 

special article. ATER. 
2. Binoxide of Hydrogen (HO,). To prepare this compound, twelve 
of of barium, o ed by passing oxygen gas over 
heated to low redness, are dissolved in two hundred parts of 
water containing as much rochloric acid as will saturate about 
inary tafe oa 2 ution having been effected by gentle 
ing, the whole of the is then precipitated by a slight excess 
+ pian Dee acid, added drop by drop. Another twelve parts of binoxide 
of barium are now added, and the precipitation of the baryta effected 
as before. is process is continued until about one hundred parts of 
binoxide of barium are consumed, care being taken to keep the mixture 
well cooled, and to filter it after every other addition of the binoxide. 
A tolerably strong solution of binoxide of hy is thus obtained, 
é latter is removed 


Fegregs Yip much hydrochloric acid. 
by the ion of sulphate of silver, and the sulphuric acid thus intro- 


. gr. 1°452, It 
point of 


without 
i itching. Heat rapidly decomposes it. Contact with most 


same dime the oxides 
Binoxide of hydrogen appears to combine with some of the hydrated 


these precautions, however, it slowly ors 
by a temperature 54 degrees igi 


— , a8 it is far less decomposable in their presence than when 
lone. 

Oxygenated water is a term that has been applied to binoxide of 
hydrogen, but is now usually restricted to the’solution formed by 
saturating water with oxygen gas. 

3. Teroxide of Hydrogen (HO,). The gases that are evolved when 
water is decomposed by a current of electricity are well known to 
possess a peculiar odour. The body that communicates this property 
has for some years been called ozone (from 6(w, “I smell”); but it is 
only recently that M. Baumert has proved it to be the teroxide of 
hydtogea. The presence of hy in this remarkable compound 
M. Baumert demonstrated ] the gases (oxygen and ozone) 
evolved from the positive pole of a water-decomposing apparatus 
through a long drying tube containing pumice-stone moistened with 
sulphuric acid, and then through a tube the inner surface of which 
was coated with anhydrous phosphoric acid, and one portion of which 
was gently heated ; water was thus produced, and made evident by the 
eral the film of phosphoric et = : of the tube through 

gas was making its exit, while the film on the opposite part 
was quite unaltered. me te 

Teroxide of hydrogen di iodide of potassium, the excess of 
oxygen it contains—over and above that necessary to form water with 
its hydrogen—li' ing its equivalent of iodine from the iodide of ' 
potassium, just as chlorine or bromine does, Taking advantage of this 
fact, M. Baumert ascertained the composition of ozone, prepared as 
above, by passing the gas for several hours through a weighed bulb 
apparatus containing iodide of potassium solution, with an arrange- 
ment for preventing loss of water by evaporation. The increase in 
weight after that time gave the quantity of ozone that had passed into 
the apparatus; an estimation of the iodate of potash formed, showed 
how much oxygen, exclusive of the elements of water, was contained 
in that weight of ozone, while the difference between the weight of the 
oxygen and the total increase in weight of the apparatus, gave the 
weight of water that had been formed from the decomposition of the 
ozone. The mean of three such experiments proved that the ozone in 
question was teroxide of hydrogen, thus :— 


By calculation. By experiment. 
a x > . 4 41 
30 Py °° 96 959 
HO, 100 100°0 


Other Compounds of Hydrogen—With sulphur, selenium, iodine, 
bromine, chlorine, fluorine, and tellurium, hydrogen forms combina- 
tions called hydracids. With nitrogen, it forms the powerful salifiable 
base ammonia; and with phosphorus, arsenic, antimony, and potassium, 
it forms the several hydrides. A description of each of these com- 

ds will be found under the name of the element with which the 
ydrogen is united. 

HYDROKINONE., [Kryonic Grovr.] 

HYDROLEIC ACID, [Otxrc Acip,]} 

HYDROMARGARIC ACID. [Marecarte Acip.] 

HYDROMARGARITIC ACID. [Marcaric Acrp.] 

HYDROMELLON. [MEtton. 

HYDROMELLONIC ACID, [Metxont¢ Actp.] 

HYDRO’METER (5wp, water, and uérpov, a measure) is an instru- 
ment for determining the relative densities or specific gravities of 
fluids. The principle of the hydrometer is this: It is known that 
when a body is immersed in a fluid, it loses as much of its weight as is 
equal to the weight of that portion of the fluid which it displaces. 
{Hyprosratics.] Thus, if a body suspended from the extremity of 
one arm of a balance be counterpoised by weights applied to the other 
arm, and while thus su ded it be imm: in a vessel of water, it 
will be found that one of the balance will preponderate, and that, 
in order to restore the equilibrium, as much weight must be applied to 
that arm from which the#body is suspended as is equal to the weight 
of the water displaced. Hence, if the same body be immersed 'succes- 
sively in two different fluids, the portions of weight which it will 
thereby lose will be directly proportional to the specific gravities of those 
fluids ; because the diminution of weight is always equal to the weight 
of the fluid gang Mg og is, to the magnitude of the body multiplied 
into the specific gravity of the fluid, The above supposes the body to 
be specifically heavier than the fluid. If it be lighter, it will float upon 
the surface, so that its tendency to descend, or its weight, will then be 
entirely counteracted by the fluid; from which it appears that, when 
a body floats upon the surface of a fluid, the weight of the portion of 
fluid displaced is equal to the entire weight of the body. Now, since 


the weight of the fluid displaced by a floating body is constant (being 


always equal to the weight of the body), whatever may be the density 
of that fluid, it is obvious that if we can determine how much of the 
body is immersed, we may immediately deduce the specific gravity of 
the fluid ; because, when the weight is constant, the specific gravity 
varies inversely as the bulk. c 

Upon this principle is constructed the instrument known by the 
name of Sykes's hydrometer, which is that employed in the collection of 
the spirit revenue of Great Britain. It consists of a thin brass stem 
about six inches in length, passing through and soldered to a hollow 
ball of the same material, and about one inch and a half in diameter, 
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To the inferior extremity of the stem, from which the hollow ball is 
about one inch distant, a permanent pear-sha weight is attached ; 
so that when the instrument is placed on a fluid, the other extremity 
may float perpendicularly to the surface. . There are also ten weights 
of different magnitudes, nine of which are circular, and applicable by 
means of a slit to the lower branch of the stem. These are marked 10, 
20, 30, 40, 50, 60, 70, 80, and 90 respectively, and by their successive 
application the instrument may be sunk so as to obtain the complete 
venge ot masciee ae ity, from that of pure alcohol to that of distilled 
water. e other t is of the form of a parallelopiped, and may 
be fixed when necessary to the upper branch of the stem. The upper 
branch of the stem is divided into ten equal or d wep?) 
which is subdivided into two parts. The whole is adjusted at the 
temperature of 60° Fahr., and tables are computed whereby the neces- 
sary corrections may be determined for all variations above or below 
that point. In order to determine the strength of spirit by means of 
the hydrometer, a portion is placed in a tall glass cylinder, and the 
temperature observed. One or more of the circular weights is then 
attached to the lower stem of the instrument, so that the lower extre- 
mity of the scale may sink beneath the surface of the fluid, and when 
the whole has become stationary the number upon the scale in con- 
tact with the surface of the fluid is observed. This number added 
to the number marked upon the circular weight employed will give a 
third number, adjacent to which, in the tables above mentioned, and 
under the head of the proper temperature, will be found the per 
centage of strength required. 


Cc 
é 


@G 


Sykes’s Hydrometer. 


The most convenient method of obtaining the specific gravities of 
fluids is by means of what chemists call a specific gravity bottle, or a 
thousand grain bottle. This is a bottle of a globular form, with a 
ground-glass stopper, so adjusted as to contain exactly 1000 grains of 
distilled water, at the temperature of 60° Fubr., and accompanied by a 
weight, which is an exact counterpoise for the bottle when thus filled. 
In order to determine the specific gravity of a fluid by this means, it is 
simply necessary to fill the bottle with that fluid at the temperature of 
60°, and place it in one of the scale-pans of a delicate balance, the 
counterpoise being placed in the other scale-pan; then the number of 
grains which it will be found to add to one of the scale-pans, in 
order to produce equilibrium, will be the difference between the specific 
gravity of the fluid and that of water taken at 1000. For example, 
the bottle filled with the sulphuric acid of commerce will require about 
845 grains to be added to the counterpoise to produce be peccera 
whence we say that the specific gravity of such a sample of sulphuric 
acid is 1845. Whereas if the bottle were filled with spirit of wine, 
we should have to add weights to the scale- containing the bottle, 
and in the case of what is called proof spirit, 80 grains would have to 
be so added, in which case the specific gravity would be 0°920, 
[Avconotomerry ; Srectrrc Gravity.) 

Various forms of hydrometer have been contrived under different 
names, one or two of which we may mention, such as the Arwometer 
(from dpads, “light” or “thin,” and yérpoy, “a measure”), This is 
employed for the purpose of ascertaining the fic gravities of fluids, 
Faron Boy pe are leas dense than water, but it may be used to 

letermine those of any fluids, and also of solid bodies, Its best form 


is probably that which was devised by Nicholson. The 

which bears the name of that experimenter consists a 

ere, of , from each extremity of which proceeds a 

stem; that which, when ee eee ae 
m 


prey by wade Area cup, in which 
the lower stem, 


is 80 


placed in the u vessel, the whole will 
in distilled water at the temperature of 60° Fabr., till » mark 


the stem is on a level with the fluid surface. When the specific : 
of a fluid, whether lighter or heavier than water, is to be p : 
the i i eta pry ip army ees - 


weight in the vessel as ust nid: alto if s be the speciic gravity vity 
of distilled renter, and'¢” shah of the fluid in which the instrument ; 


weights being subtracted from 
the body in 
belly Se ee Loree rey ee ee 
be the weight of the 
specific gravity of 


whence s” may be found. iy 
If the substance whose specific gravity is required be, like ee 
capable of imbibing water during the experiment, it should =~ 
the lower vessel, while under water, till the instrument is st Pn, 
when the additional weights in the upper vessel will express the weight _ 
of the displaced water, together with that which is imbibed; then, 


For fluids of ter ific gravity than water, such as the concen- 
trated acids, an sot ef tea e kind which was invented by ~ 
Guyton 


de Morveau, and is sags Ae “ gravimeter,” may be ‘ 
(Gregory’s ‘ Mechanics,’ vol. ii.) Instruments of this kind, however, 
are se resorted to, the best plan being to make use of the hy 
mK balance, as will be more particularly described under Sprcrerc 
RAVITY. 
HYDRONITROFERROCYANIC ACID. [Cyanocen.] 
HYDRONITROPRUSSIC ACID. [Cyanocen. 
HYDROPERSULPHOCYANIC ACID, [Cyanocen.] 
HYDROPHO'BIA (from S8wp, water, and oéfos, fear) is 
occasioned by inoculation with the saliva of a rabid animal, and is so 
called from the violent and spasms of the which 
stages, 


occur when the patient attempts to , or when, in the 
the mere idea of drinking arises in his mind. The disease 
prodiiond M4 nae by Soe eee eae 
those cases which have been said to arise spontaneously have not 
sented all the true characters of the affection, and have in 
only severe cases of h; ical or other convulsions, in 
the and the fear of real hydrophobia had mi e 
Whether it is ever spontaneously in animals is less certain, 
because its origin in them is less easily traceable ; but the fact that itis 
possible to ward off the disease from packs of dogs, in which every fresh 
comer is submitted to a kind of quarantine, and the many 
now known of isolated situations in which, although dogs = 
numerous, no case of h; hobia has occurred for many years, ‘ 
to prove that in the dog also it arises only in consequence of the bite 
of some other rabid I is probeble thet sll sakes aaa 
to hobia, for all that we have an © nity of Cee 
is, our domestic species, are; but it not appeared any, 
except the wolf, fox, cat, and dog, arg capable of communicating it 
each other, or to other ies. There is no evidence whatever to 
prove that the disease can be communicated from one human being 
another ; men affected by it are not disposed to bite, and it is doubtful 
whether, if they did bite, the saliva would have any effect, for the 
experiments made with it upon animals are as yet contradictory and 
inconclusive. 

The disease may be communicated to man either by the saliva being 
carried into a wound made by the tooth of a rabid animal, or 


aie 
being placed on the surface of a previous wound, as where dogs a 


— 
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licked the hand or face of a person on which there was any raw 
surface. However, it is only a small portion of the bites which a mad 
animal gives that convey the disease ; if, for example, he bites through 
the cl , there is a great probability that all the saliva will be wiped 
off from his teeth as they pass; and hence wounds of: the hands and 
face are generally the most dangerous. It is probable, too, that the 
saliva differs in the degree of its virulence in different animals; the 
bite of the mad wolf seems generally more fatal than that of the dog. 
In a case known to John Hunter, Mein Om persons were bitten by 
the same dog, and only one had hydrophobia; in another, a wolf bit 
seventeen persons at Brive, and of these ten died by hydrophobia ; in 
a third, fifteen persons were bitten by a dog, in ten of whom the wound 
was on the flesh, and three died. In none of these cases had any pre- 
ventive measures been used; and from the evidence collected from 
various sources, Dr. Hamilton (‘Remarks on Hydrophobia,’ vol. i.) 
thought that whether preventive means were employed or not, only 
one person in twenty-five of those bitten by mad dogs would have 
by hobia. It appears that animals are more subject to the disease 

man; for in a case where a dog bit four persons and twelve dogs, 
all the dogs died, but not one of the men. These results, although 
they should not prevent the surgeon from employing those measures 
which prevent the disease, fully explain how empirical remedies have 
obtained so much credit, the immunity from the disease being attri- 
buted to their influence, when it would have been as complete if they 
had never been used. 

The period after the inoculation at which the symptoms of hydro- 
phobia may exhibit themselves varies tly. the ten persons 
already mentioned who were bitten by the wolf, one was affected on 
the sixteenth and another on the sixty-eighth day after their wounds 
were received ; in the five bitten by the same dog, the deaths occurred 
between the thirtieth and sixty-third days. In general the disease 
appears between the thirtieth and fortieth days from the injury; but 
cases are known where it has been delayed as long as eighteen months, 
and Dr. believes that a person who has been bitten and used 
no preventive measures cannot be considered as perfectly safe till at 
least two years have elapsed. Cases are indeed recorded in which there 
was no evidence of injury for ten and twelve years before the disease 
manifested itself, but at present neither the number nor the accuracy 
of such histories is sufficient to allow any safe conclusion to be drawn 
from them. 

The bite of a rabid animal generally heals up like that of a healthy 
one ; there is nothing whatever which would indicate from it, 
and the patient is attacked when he has forgotten that he was ever 
bitten. In some cases, however, before hydrophobic symptoms appear, 
the scar of the wound becomes painful, red, and pa ky and pain is 
felt shooting from it along the course of the nerves of the part, as if it 
were going to ulcerate. e first decided indication of the disease is 
that the patient has headache and general uneasiness ; he loses his 

petite, and when he is about to drink he suddenly feels an aversion 
to any liquid, and is choked by any attempt to swallow it. He gene- 
rally discovers this inability to drink accidentally, and often expresses 
his wonder that he should not be able to quench his thirst. The 
yx Sor once set in, rapidly increase in severity; any attempt to 

ink, and even anything that can suggest the idea of drinking, as the 
sound of liquid from one vessel into another, or the bright 
shining surface of polished metal looking like the surface of water, is 
sufficient to bring on the most frightful spasms of the throat, threatening 
instant suffocation, and producing the most severe pain. The convul- 
sions, which were at first limited to the muscles of the throat and of 
deglutition, after a short time extend to other parts of the body; 
there is a constant agitation of the limbs, and a remarkable degree of 
nervous excitement; the patient is restless, anxious, and timid; his 

e has a peculiarly unsteady glistening appearance, and he is often 
Geli ious, and talks with the greatest rapidity and earnestness to 

who are not t, or he thinks that his attendants are going 

to rob or murder him, and is haunted with frightful visions. As the 
disease proceeds, the convulsions of the throat become more frequent 
and severe ; a breath of cool air, or the slightest noise or vibration of 
the room, is yp mcyrese to hes p37 them: there are severe headache, a 
rapid pulse, a mgue, and other symptoms of a generally disordered 
condition of the system. A copious secretion Batik tensions mucus 
clogs se air passages, and increases the feeling of suffocation, and 
it is in his attempts to free himself from this that the patient coughs 
_and makes a loud harsh noise, which has been to resemble 
the ing of the animal by which he was bitten. Sometimes there 
is furious delirium ; but often for the last few hours of life the patient 
becomes quiet : he falls perhaps into a tranquil sleep, as if fatigued by 
his exertions, or he lies perfectly still, without spasms, and rational ; 
but it is only a deceptive calm which presages his death; he rouses 
from his tranquillity, and, after one or two comparatively slight con- 
vulsions of the throat or of the whole body, expires. The duration of 
the disease is very rarely more than six days, and it often terminates 
fatally in twenty-four hours. In the latter cases the patient usually 
dies suffocated by one of the spasms of the throat; in the former he 
may have several remissions, in which the severity of the affection 
greatly decreases, and which may for a time seem to afford a hope of 
recovery. In most cases solids can be swallowed without much diffi- 
culty ; and it is remarkable that in those who have been bitten by mad 
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cats there is far less aversion to water than in those who have received 
the disease from the other species. 

Nothing can at present be regarded as certainly known of the true 
nature of hydrophobia. Dissections of those who have died of it have 
shown the effects, but not the causes of its symptoms; as redness and 
turgescence about the throat and larynx, and general congestion from 
the frequent suffocative attacks. With this ignorance of its nature 
there is unfortunately an equal ignorance of any mode in which it may 
be treated with a prospect of success; for of all the medicines recom- 
mended (and probably no disease has been more variously treated) 
there is not one which has sufficient evidence to prove that it has been 
of the least avail, except in temporarily mitigating the symptoms. 
Opium in very large doses will produce quietude and greit comfort to 
the patient by warding off the attacks of spasm, and will prolong, 
though it will not save life; and large bleedings have been useful in 
lessening the severity of the convulsions, and large doses of hydrocyanic 
acid have controlled the symptoms for days. But the only question 
that can be satisfactorily considered is that of prevention, which is 
accomplished by the removal of the morbid saliva from the wound 
before it has had time to produce its fatal influence on the body. 
Excision is at once the safest and most simple means, and whenever it 
is practicable should be employed as early as possible; the parts bitten 
should be completely cut out, with some of the sound tissues around 
them, and care should be taken that the very bottom of the wound is 
removed ; for if a portion of the wounded surface remain, the patient 
is not secure. In some cases, however, as where the wound is super- 
ficial but extensive, or where it is situated on the face, or near an 
important organ, excision may be deemed unadvisable, and in these the 
best remedy is some violent caustic: pure nitric acid, or fused potash, 
or nitrate of silver, should be applied freely over the whole surface of 
the wound, so as to decompose every particle of the saliva, <A third 
means is the ing of the wounds, but it is one on which 
it would be imprudent entirely to rely, though it should always be 
oy loyed until medical assistance can be obtained, and is 
useful after the parts have been cut out. The best mode of washing 
the wound is to pour water at a temperature of 90° or 100° on it, from 
a height of four or five feet, through the spout of a tea-kettle, and it 
should be continued for two or three hours, unless the other means 
are resorted to. It is not yet known at how late a period after the 
infliction of the injury it would be useful to remove the parts bitten ; but 
considering the length of time during, which the poison remains latent, 
and the probability that during that time it has only a local influence, 
it would certainly be prudent to remove the wounded parts after a 
lapse of even many days. Of course the value of these means is open 
to the objection y mentioned, that even when the patient does 
not suffer from hydrophobia it is uncertain whether his immunity 
depends on the measures employed; but it may be sufficient to state, 
that while every other remedy has frequently been unavailing, 
excision, when carefully employed, has been invariably successful, and 
the caustic has very rarely failed. 

As a large majority of the cases of hydrophobia which occur in this 
country are the consequence of the bite of the mad dog, it may be 
useful to add the symptoms which he presents when in that state. He 
grows sullen and snarly; he leaves his home and runs about wildly, 
biting at whatever approaches him, though he,will seldom go out of his 
way to attack, and he constantly gnaws grass and straws and pieces of 
wood or stone. To those, however, with whom he associates his 
demeanour is at first unaltered, and he caresses them as usual; and 
hence the cases in which death has followed the licking of a wound by 
dogs who showed no symptom of hydrophobia. It is an error to 
imagine that the mad dog avoids the water, for he will both drink it 
and swim in it as usual, and without presenting any of that horror of 
it which characterisés the disease in man. Towards the close of the 
disease he grows more furious, gnawing and biting at everything 
around him, and frothing at the mouth. The disease is as incurable 
in the dog as in man, and usually lasts about the same length of 


time. 

HYDROPS PERICARDII, or HYDROPERICARDIUM (from 
HSwp, water, and wepixdpdiov, the pericardium), is a collection of an 
unnatural quantity of fluid in the sac containing the heart, [Hkart, 
DISEASES OF. 

HYDRORHODEORETIN. [Convotvunic Acrp.] 

HYDROSTATIC BALANCE. [Srscrric Graviry.] 

HYDROSTATIC BELLOWS. [Hypropynamics.] 

HYDROSTATICS is the science which relates to the pressure and ~ 
equilibrium of the fluids commonly called non-elastic, or incompressible, 
as water, mercury, &c., and to the equilibrium of bodies immersed in 
them. The elastic fluids, as air, steam, &c., are the subjects of 
pneumatics, 

The two books of Archimedes, entitled, in Latin, ‘De Humido 
Insidentibus, contain all that is known concerning hydrostatics, properly 
so called, among the ancients. That philosopher showed from experi- 
ment that a mass of fluid will be in equilibrio when each of its particles 
is pressed equally in every direction. He explained that a floating 
body is held in equilibrio when its centre of gravity and that of the 
displaced fluid are in one vertical line; and that when bodies are 
immersed in a fluid of less specific gravity than themselves, they lose 
certain portions of their weights, he latter principle led gap to the 
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means of ascertaining the quantities of two different ingredients when | and act by its gravity on the particle vertically under it. And that 
sahied together in one mate; sed Sete ie ee eee the pressure exerted by the Ryorass ceary gach of She GERRI 
of alloy in a golden crown which had executed for the king of | the vessel containing it, will, while Sa see he pepeee 
use. to the surface; since, otherwise, the reaction of the could not " 
The science of ics must, of course, be subject to all the | entirely destroy that , and a part of it would disturb that 
laws of equilibrium of ordinary statics. [Srarrcs.]- But there are two | equilibrium which, by hypothesis, is the condition of the fluid in the 
fundamental axioms which make it a branch of that science, | vessel. The amount of that reaction is, of course, equal to the . 
namely, (1), that ali action between two fluid surfaces, or between a | of a filament of fluid vertically above the and extending to 
fluid and a solid surface, is normal to the plane in which they meet, | upper surface of the fluid; or to the ep dreds ceqere 9 
that is, there is no such thing as statical fluid friction. This ia the aaireehanied eeeess the Sareea a 
case, as far as we know, with all perfect, or non-viscous fluids. (2), That reencery Lapayd npc, demerger yey 19 , of all 
the amount of pressure at any point is independent of the direction of | the in tipper ortes at tne: ad te eviecliy ae , 
the surface It may, hence, also be proved, that the pressure on the base of any 
The cause of fluidity in bodies has been the subject of much dis- | vessel containing a fluid, will be the same whatever be the form or 
cussion: it has been su to depend on the globular form of the | position of the sides of the vessel, provided the fluid have always the f 
icles, or on the caloric contained between them; or, finally, on | same height above the base. For let anne (fig. 1) be avertiodl 
these circumstances combined. But, whatever be the primary ss 
sete, 1b is admitted by all that the must arise, immediately, Fig. 1. .* 
from the perfect mobility of the particles among one another; in con- F g cb & d D vb. 
sequence of which the mass i agcorstrsal, rang Bites = 
in which it is received, its upper surface assumes a level position, and 
by which, also, it begins to flow as soon as an orifice is made in any 
part of the sides or bottom of the vessel. Some difference exists how- 
ever in the fluidity of different bodies: such as m , water, &e., 
which in their ordinary state possess this property in a high degree ; 
while the particles of many fluids, as the oils, have a sensible adhesion —- 
to one another. With the exception of pure alcohol, all the non-elastic S, ‘ec 
fluids, at certain temperatures, become congealed, and thus entirely >. 
lose their fluidity. ia 
Since pores are known to exist between the particles of all bodies, 4 
fluid as well as solid, it may readily be conceived that no fluids can be ys Way 
absolutely incompressible : and experiments have been made from which = 
it is manifest that spirit of wine, oil, water, and even mercury, can, b: | 
pressure, be reduced in volume, in certain degrees; the fluids whic c-, 
peep ti arp rk pe emesis he on pr aN a A e « B ay: 
as this diminution is v when compared wi e volume . poss 2 ; —_ 
the fiuid (being for water, according to the iments of CErsted | Section through a prismatical vessel ; the on any point a of 
(Trans. of Royal Society of Sciences at * 1818-1822), only that onag polee ¢of the te bid saad bag egos yy eS 
=, tmillionths of its bulk for the pressure of one atmosphere, or about ment 64; ed thls lak paddies ho ete ch ta tae = th = 


practical purposes of hydrostatics 


centre of gravity of the earth (leaving out the consideration of all 
disturbing forces, and considering the earth as a sphere), the particles 
must dispose themselves every way spherically about that centre; and 
consequently the upper part of a fluid in any vessel must be under- 
stood to form a portion of a spherical superficies concentric with that 
of the earth. 

When, however, a mountain is near a sea, the level of the sea must 
be deflected somewhat upwards towards the mountain. Ifthe Cordilleras, 
le, were a hundred times higher than are, the sea would 
along the shores of America on both sides, and the 
England, with those of Japan and China, would 


_ The quiquiversus pressure above mentioned has long since been 
siopond to be employed as a means of transmitting the action of a 

moving power to any distance, however 
has been projected to fill with water a h tube having at each 
ition; and in each of these 


iston. Then that which is at one end of the tube 
having received the action of the moving power, it will, by means of 
the fluid, transmit the motion to the other; the rod of which should 
be in connection with the machinery on which it'is intended to act, 
From the same property it follows that if a fluid at rest in a vessel 
be supposed to consist of an infinite number of filaments, or infinitely | 
slender columns in vertical positions, the ure which, in consequence 
the weight of the particles vertically above is exerted in every 
direction by any particle of such filament, will be counteracted by the 
equal pressure of all the surrounding particles, so as to remain at rest, 


For this purpose it 


a 


Z 
é 
t 
2 
: 
; 
3S 
: 
e 


to fg 


cylindrical machine 
cp (fig. 2), with sides of leather like 
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tube FE is inserted in an orifice near the bottom, and through this | 


tube water is poured into the cylinder, till the boards 4B and cp are 


_ at any distance asunder within the limits allowed by the leathern 


‘sides. Then, if any weight be placed on the board op, it will cause 
-to risein the tube EF toa certain height, suppose a ; and 
of water may be considered as 
in equilibrio the weight applied on ©; which will, in fact, be 
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since the pressure of a fluid 
vertical height only of the column, that the 
on a oem on tnt 
passing a: and 
must be estimated by the area of the 
i ight of a’ above b’. 
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from a reservoir, will all the bends of the pipes, and rise at the 
further extremity up to a horizontal plane ing ti the surface 
8 ae alcatel ae sot ical bend be higher than 


The power uced by the Hypraviic Press depends on the prin- 
ciple exhibi in the above experiment ; and this experiment is, at the 
same time, the of that equality of pressure which it has been 
said that the particles of a fluid exert in every direction. 

The pressure exerted by a fluid against the whole side of a vessel 
containing it, or a surface immersed in it, whether that side or 
yooh ge ape i to the weight of a column of the 
fluid having surface pressed for a base, and the distance of the 
upper surface of the fluid from the centre of gravity of the former 
surface for its altitude. For let pB (fig. 1) be the position of the 
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of all 
by the sum of all the elementary areas (that is, 
pressed) multiplied into the distance of its point 
, that is, of the centre of gravity of the surface, from the 
By this theorem the pressure of water against the 
may be determined 


pressure upon the base; for the areas of the base and 
ual to one another, but the centre of gravity of the 

from the upper surface equal to the whole 
" ual to the half depth. It 
treatises on hydrostatics, that if a hollow cone 
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It is of importance to determine the place of the centre of pressure 
against the side of a vessel filled witha fluid, or against a surface which 
is immersed in it; that is, to find the situation of a point in that 
surface, at which a force being applied in a contrary direction to that _ 
in which the fluid presses, the surface will be kept in equilibrio. 

Let, for simplicity, the side or surface pressed be rectangular, and in 
a vertical position ; let, also, b represent the breadth, and a the altitude 
of the surface, or depth of the fluid; then 4 @ will be the depth of the 
centre of gravity below the upper surface of the fluid. Now if # be 
the distance of any elementary area of the side below the same 
upper surface, such elementary area will be expressed by bd; and 
the pressure of the fluid against it being proportional to the depth, 
will = bxdz. Then the tendency of that pressure to turn the side of 
the vessel round, about its extremity, which is supposed to be a 
horizontal line, will be 622d; consequently the whole tendency of 
the fluid to turn the side round in that manner will be caged 6 
fb«*d x, which between the limits z = 0 at the top, and x = a at the 
bottom, is equal to 44a%. But, if p be the required place of the centre 
of pressure, and its distance from the upper surface of the fluid be 
represented by p, the tendency of the same pressure applied at P to 
turn the side about its upper extremity, will be } a*b p (4 a*b being the 
horizontal pressure of the fluid against that side). Therefore we have 
ata, tthe or p = $a; that is, the centre of pressure is at a 

i from the upper surface equal to two-thirds of the depth of 
the vessel or fluid. And, by writers on hydrostatics, it is proved that, 
in all cases, when the surface pressed is symmetrical on each side of a 
line joining the centres of gravity and pressure, the latter coincides 
with the centre of percussion in 

When a le ini a vertical position is immersed in a fluid so that 
its vertex coincides with the upper surface of the fluid and its base is 
horizontal, the distance of the centre of pressure from the vertex is 
equal to three-fourths of the perpendicular of the triangle. And when 
a circle is so placed in a fluid with its upper part just touching the 
surface, the distance of the centre of pressure from that part is equal 
to five-eighths of the diameter. 

The equality of the pressures in every direction, at any point in a 
fluid mass, is the cause that, if a solid body be plunged in a fluid, the 
pressure of the fiuid immediately under it will tend to raise the body 
upwards with a force equal to the weight of the fiuid displaced. But 
the weight of the body is a force acting vertically from above down- 
wards ; and, consequently, in an opposite direction to that caused by 
the reaction of the water. Since therefore the volumes of the body 
and of the displaced water are equal to one another ; if their weights 
or densities should be equal, the body would remain in equilibrio 
in whatever situation it. were placed in the fluid. But should these 
weights or densities be unequal, the body would make an effort to 
ascend or descend, according as its density is less or greater than that 
of the fluid ; and, in order to counteract these tendencies, it would be 
necessary to use a force equal to the difference between the weight of 
the body and of the displaced fluid. Hence, if a solid body be weighed 
in a fluid, it will be found that its weight, compared with that of the 
same body in vacuo, will be less than in the latter case the 
weight of an equal volume of the fluid; and, consequently, when a 
body is weighed in a fluid, as water or air, the true weight, or that 
which would be obtained in vacuo, will be found by adding to the 
observed weight that of an equal volume of the fluid. 

When a body floats in a fluid, in order to bring its upper surface to 
coincide with that of the fluid, it must evidently be loaded with a 
weight equal to the difference between the weight of the body or of 
the displaced fluid, and the weight of a volume of the fluid equal to 
that of the whole body. The weight which a floating body will thus 
bear is denominated the buoyancy of the body; and on the principle 
here stated depend the common rules for finding the buoyancy of 
rafts, vessels, &c. 

If a solid body float in equilibrio in a fluid, the centres of gravity of 
the body and of the displaced fluid must evidently be in one vertical 
line ; otherwise the upward action of the fluid below, which neces- 
sarily has its resultant in a vertical line passing through the centre of 
gravity of the place occupied by the body, would produce in the latter 
a rotatory motion contrary to the hypothesis. is circumstance has 
given rise to three denominations respecting the equilibrium of 
floating bodies. First, if the centre of gravity of the body should be 
below that of the displaced fluid, the body is said to possess a stable 
or firm equilibrium; so that if any derangement should take place 
from accidental causes, the body would, after a few oscillations, recover 
its former position. If the centre of gravity is above. that of the 
displaced fluid, the body is in circumstances similar to those of a cone 
when placed on its vertex, that is, it is liable to be immediately over- 
turned ; and hence the body is said to float with a tottering or unstable 
equilibrium. And if the said centres should exactly coincide, tfe 
body would float in any position whatever: this is denominated an 
equilibrium of indifference. The first case is that of a cylinder whose 
axis is less than the diameter of its base; the second is that of a 
cylinder whose axis is greater ; and the last is that of a homogeneous 


sphere, 

The absolute weight of a given volume of any solid or fluid body is 
called its specific gravity. In this country, for convenience, it is 
customary to consider one cubic foot as the given volume, and to 
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express the weight in avoirdupois ounces: thus the weight of a cubic 
foot of rain water being 1000 ounces, and that of 
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iron being 7207 ounces, those numbers are used to denote the specific | i 


_ Bravities of the bodies, From this definition it follows that, when the 
volumes of two bodies are equal, their specific gravities will be pro- 
portional to their weights: when the weights are equal, the specific 

i to the volumes; and, in 


of junction will be inversely 
For, let m » (fig. 3) be a line in the plane 
the section at m being common to both fluids, the bases of the columns 
in the two branches may be considered as equal to one another. Now, 
if the vertical altitude of the column mp be represented by a, and 
0p te: Rage dgp tered peet= Aplicenbengeh den! tay Bataan so 
in » g by s; then the weights of ‘the columns, or rather the 
on every point of their bases, at m and n may be expressed by a s and 
As; and in the case of equilibrium these terms are equal to one 
: therefore we have a: @:: 5:8. 
The specific gravity of a solid body Ries! found by means of the 


balance, i ing made with delicacy. It i 
toh the body both with greater delicacy. is 


of junction; then the area of 


er ae in air and in vacuo; from whence 
may be the ratio between the density of the body and that of 
the fluid in which it is weighed. [Srecreic Grayrry.] 

The ty of a fluid may be found from the following 


ES * 


explained in posi 
the Hypromerer, by which the qualities of liquors are usually deter- 


mined. 

By means of the ific gravity of bodies may be ascertained the 
quantities of the Sifbeent Saati wiik enter into any compound 
body. Thus, let w and w’ represent the weights of a mixed metal in 
air, or vacuo, and water ively, s and s’ the known specific 
gravities of the two metals in the mixture, and let z be the weight 


im air or vacuo of the heavier metal. Then ~ = the weight of water 
—x 


which would be displaced by x; >~ = the weight which would 
w—-2r 


be displaced by the lighter metal; and we shall have w’=—+——~ ; 
we’) 


s(w— 


2=——,—,, and w—x (=the weight of the lighter 


nal a’ k of 


to overturn or ftacture the wall at every other point, asc. Now, let 
Ba=z, and let the ig of an elementary portion of the wall at a be 

by d; then, if no be represented by 5, we shall have 
ca=b—z, and (b—.x) xd z will expreas the force of the water on an 
elementary area at a to turn the wall about c: consequently, / (b—zx) 


This article may be concluded by an indication of the principles on 
— we eee of ships or other vessels on the water may be 


Let aBc (fig. 5) represent a vertical section through the centre of 
Fig. 5. 


Cc 


Pend 96s min a eee ee surface of the water; let also g 
the centre of gravity of the immersed of the 
masts is vertical, Now, by the action of the wind or otherwise, let the 
ship be inclined so as to the posi 0 6005 ie ee 
of the immersed part and of the water will then be 

to h, and that of the ship to a’. 

let fall upon it the icular 
or the force by whi 
is expressed by the prod) 
pep hed e Pm scy acting in 
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rg ren ag Da ae Poehler Su a vessel sinks 
164 feet when loaded ; the bottom must be able to resist a 
sure of 74 Ibs. on the square inch, that is, the weight of a cy) of 


water 164 feet long, and 1 inch in 
spring in such a vessel, a weight of 
required, to keep a plank, thrown across the h 
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This collection may take place in consequence of inflammation of the _ 


merely a symptom of pleurisy. . In some 
which pain is abvent, and in which fever does not exist, 
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When hydrothorax results from inflammation of the pleura, it gene” 
rally exists on one side only of the chest. When it is a consequence of 
obstacle to the circulation through the heart, or of organic disease of 
the kidney, it is generally double, although the effusions into the two 
pleural cavities may not take place quite simultaneously. In the latter 
case, also, by orax is found in connection with general dropsy. At 
first there is edema of the lower extremities; this cedema gradually 
extends to the integuments of the trunk, to the arms, and even to the 
face ; and, subsequently, serous fluid is effused into the cavities of the 

giving rise to hydrothorax, and into those of the pericardium 
and peritoneum. 

A collection of fluid in the cavity of the pleura may be detected by 
physical signs: a dulness on percussion, and, when the effusion is 
moderate, a diminution of the iratory murmur, and the presence of 
zgophony, on the affected side. the effusion be so considerable as 
entirely to prevent the expansion of the lung, there is a total absence 
of or of any respiratory murmur on that side, whatever be 
the with which inspiration is made, while on the opposite side 
the’respi murmur is unusually audible. 

When one side only is affected, the patient generally lies on that 
side; when the effusion is double, he lies on his back; or, which is 
the case when the effusion is considerable, he can breathe in the erect 
copay @ ae ey eee ceeny in pro- 
portion to idity with which the fluid is effused. [PLevRrtis.] 
HYDROTIC ACID. (Suporte Acrp.] 

HYDRURETS. [Hyprocen.] 

HYDRUS ( ion), the Water-snake, commonly called the 
Southern Snake, a constellation of Lacaille. It is situated between 
the south pole and the bright star in Eridanus (Achernar). 


No. in Catalogue 
No. in Catal of British 
Character. of Lacaille. Association, Magnitude, 
ia 595 603 4 
a 605 623 3 
5 747 756 4 
HYGIEIA (‘ty/eia), the goddess of health, called also Salus by the 
Romans, was the daughter of ius, with whom she was fre- 
quently i in worship, both by the Greeks and Romans. 
was worshi as the goddess of both mental 


as 
in 

drink to a serpent from 

e annexed cut is from a 


Hygieia from the British Muscum. 


HYGRO’METER (éypés, moist, and pérpoy, measure), In physical 
alas Aa erorebparepee di ascertain the quantity 

of aqueous vapour contained in the atmosphere or other aériform fluid 
under examination. To attain this object several instruments called 
have been invented, and are known by the names of their 

, a8 De Luc’s, De Saussure’s, &. These for the most part rest 

one common principle, the diminution of bulk which takes 

in organic tissues consequent upon the abstraction of moisture. 

De Lue Saployet a thin slip of whalebone, the contractions of 
which indicated t e variations of moisture; and De Saussure had re- 


wi Resp big uncertain. All of 
these, however, were nearly su y ygrometer invented 
by the late Mr, Daniell, professor of chemistry at King’s College, 


London, first described by that gentleman in 1819, in the 8th volume 
of the ‘ Quarterly Jow of Science ;’ subsequently in his ‘ Meteoro- 
logical Essays, and in his posthumous work on ‘ Meteorology.’ It 
consists of two thin glass balls one inch and a quarter in diameter, 
connected by a glass tube about seven inches in length. The tube is 
bent in two places at right angles so as to form three arms of unequal 
length, the longest of which contains a small thermometer, whose bulb 
descends into the lower of the two glass balls, This ball, after being 
filled about two-thirds with ether, is placed over a spirit-lamp unti 
the vapour of the ether has expelled the contained air through a capil- 
lary tube which is left open for the purpose, and afterwards hermeti- 
cally sealed. The other ball is then covered with a piece of muslin, 
and the instrument thus adjusted is placed upon a stand, to which is 
attached a small thermometer indicating the temperature of the ex- 
ternal air. When about to be used a small portion of ether is poured 
upon the muslin, which, by evaporating, lowers the temperature of the 
glass ball, and thereby occasions a rapid condensation of the ethereal 
vapour contained within the instrument. The condensation of the 
vapour within the tube produces a continuous evaporation from the 
surface of the ether in the lower ball, by which the temperature of the 
included ether is continually reduced until a deposit of moisture from 
the surrounding atmosphere is observed to take place upon the exterior 
of the glass. At this instant the inner thermometer, which always 
indicates the temperature of the ether, is observed, and thus the dew 
point, or that at which the precipitation of atmospheric moisture takes 
place, is determined with considerable accuracy. Having ascertained 
the dew point, and likewise the temperature of the external air, the 
actual quantity of moisture contained in a cubic foot of air will readily 
be found from the formula, 


Weight in grains = 5656'2 
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where ¢ denotes the temperature of the external air, and p the elas- 
ticity of aqueous vapour at the temperature indicated by the interior 


thermometer. The value of p for every degree of the thermometer is 
given in Mr. Dalton’s tables of the expansive force of steam. (‘ Man- 
chester Memoirs,’ v. 559.) 

But this instrument, so excellent in theory, is very costly on account 
of its great consumption of ether, and is scarcely useable in hot 
climates, owing to the difficulty of preserving that liquid. It has also 
been objected to by competent authority, because an experiment has 
necessarily to be made to obtain an observation. At the Royal Obser- 
vatory at Greenwich, however, it appears to have been employed for 
the determination of the dew-point from the commencement of the 
meteorological observations in the year 1840 until the end of 1847, 
since which, to the present time, that element has been exclusively 
inferred in those observations from the simultaneous reading of two 
thermometers, the bulb of the one being dry and the other wet, agree- 
ably to the method which has now almost universally superseded 
every other, and which is explained in the next article. 

Under the head Dew, some experiments of Dr. Wells and of Mr. 
Glaisher have been noticed, having an important bearing upon the 
use of many inorganic as well as organic substances for hygrometrical 
purposes, as well as upon the necessity of screening hygrometrical 
apparatus from the effects of its own nocturnal radiation. 

HYGROMETRY is that part of natural philosophy which relates to 
the determination of the humidity of bodies, particularly of the atmos- 
phere : it comprehends also the theory of the instruments noticed in 
the preceding article, which have been invented for the purpose of 
ascertaining the quantity of water contained in a given volume of air, 

The experiments of Dr. Dalton haye proved that the water received 
from the earth is not dissolved in the atmosphere, and that it exists 
there in the state of vapour, and forming, statically, a distinct 
atmosphere from that of the air, though coexisting with it in the same 
space. That philosopher discovered also, that the quantity of vapour 
contained in a portion of the atmosphere depends greatly upon the 
temperature of the latter, and that it is very variable even when the 
temperature is constant. He ascertained moreover that when a 
quantity of aqueous vapour at a given temperature is diffused through 
any space, it will support the same external pressure, whether previously 
that space had been void or occupied by air. On these principles are 
founded the methods which have been used for determining the 
absolute quantity of moisture in a given volume of air by means of the 
hygrometer : the requisite data being the elasticities of aqueous vapour 
at different temperatures, and the corresponding indications of the 
instrument. 

The tension or elasticity of watery vapour corresponding to every 
degree of Fahrenheit’s thermometer, from zero to the point of boiling 
water (measured by the height in inches of the column of mercury 
which the vapour will support when the density of the atmosphere is 
represented by 30 inches), has been determined by Drs. Dalton and 
Ure, who for this purpose introduced a small quantity of water into 
the vacuum of a barometer, and observed how much, at different tem- 
peratures, the vapour arising from it depressed the column of mere 


, | and tables of such tensions are oes ed in the fifth volume of the 


‘Manchester Memoirs,’ and the ‘ Philosophical Transactions’ for 1818. 
Previously to stating the manner of determining the relation between 
the indications of an hygrometer and the state of aqueous vapour with 


HYGROMETRY. 


HYGROMETRY. 


— 


respect to tension, it will be to notice the following circum- 
stances :—When an gutter, Nile that of Saussure or Lue is 
introduced into a close vessel, or into any ede age fully saturated 
with aqueous vapour, it is observed Ww the temperature, 
the index points to the same degree ; which it may be inferred 
that equal quantities of have been. absorbed by the material 
(hair or whalebone) of which the instrument consists, notwithstanding 
the difference of temperature. In fact the vapour in the vessel, or 
space, is in such a state that the presence of a material having the least 
— attraction for water is sufficient to produce a precipitation of 

latter; the hygroscopic materia] has an attraction for water, and 
thus it absorbs that which is preci; 


temperature ; but ves that the attraction 
is not sensibly al change within the usual limits of the 
thermometric scale. 


When the vessel into which the hygrometer is introduced is not 
completely saturated with water, the quantity of water absorbed by the 
hygroscopic material is limited by ag sed of the latter to absorb the 
precipitated moisture: that power nishes in proportion to the 
quantity received, so that the attraction of the material for water 
ceases to act when it is equivalent to the Peg which the vapour 
can . meget without becoming liquid; and the elongation of the hair 
or ¢ then ceases, or the index remains stationary on the scale. 

In order, then, to determine the law ing to which the attrac- 
tion of the hygroscopic material for water diminishes as the precipi- 
tated water is absorbed by it, or, in other words, to find on the scale of 
the hygrometer a number of points corresponding to any given elasti- 
cities of the vapour, Gay Lussac put water into a vessel of glass; and, 
having determined the elasticity of the vapour arisi m it, he 
suspended from the upper part of the vessel a delicate hygrometer of 
the kind invented by Saussure. The vessel was then closely covered, 
so that there might be no communication between the vapour within 
and the external air ; when, after a short time, the index of the hygro- 
meter became stationary at a certain point on the circumference of the 

uated ring which served as a scale; this point thus became an 

dication of the elasticity of the vapour. Experiments of the like 

made with vapour of equal temperature, but in different 

states of icity, between those which correspond to extreme dryness 

and complete saturation, there were obtained so many points on the 
scale of the instrument as indications of the elasticities of the vapour. 

From the resulta of these experiments, M. Biot found, by interpo- 
lation, a table of the elasticities of vapour for every degree of Saussure’s 
hygrometer, the temperature being 10° of the centigrade thermometer 
(50° Fahr.). He also formed a table showing the degrees of the hygro- 
meter corresponding to every degree of elasticity. The extremes 
of dryness and moisture on the scale, and also the nding 
extremes of elasticity, were indicated respectively by 0 and 100 (Biot, 
*Traité de Physique, liv. i. ch. 13); but the elasticities or tensions 
would be more conveniently poe in terms of the elasticity at the 
point of complete saturation, which is then represented by unity. 

The numbers in the pea 5" (i Ped = conieht t tensions at 
a constant temperature equal to 50 .); and it might be supposed, 
since the index of the hygrometer stands constantly at 100° when the 
material is acted on by vapour in the state of maximum tension 
== be the temperature, that the index should stand at one point 
on the scale when the tensions of the vapour have the same rtion 
to the maximum tension at their respective temperatures : this sup 
sition is not quite correct; but it may be presumed that in us 
Biot’s table for temperatures differing from 50° Fahr., the error in the 
tensions will not be considerable, ’ 

Gay Lussac having proved that vapours, whether those of pure 
water or those of 
character of elasticity, suffer the same variations of volume by variations 
of ure as are suffered by fluids, which are permanently elastic 

i ordinary ranges of temperature and pressure, detec aed, by 
subsequent experiments, the volumes of the vapour produced by a given 
weight of water at given temperatures and under given atmospherical 

ures; and thus, consequently, obtained the quantity of moisture 
in a given volume of vapour. e results of his iments were 
reduced to a formula by Biot ; and subsequently, with certain modifica- 
tions, to one in Eng’ weights and measures by Dr. Anderson, the 
writer of the article on Hygrometry in the ‘ Edinburgh Encyclopmdia.’ 
This formula is 
10953 n.F 


447440’ 
in cag is in grains, the quantity of moisture in a cubic aa 
vapour the tetnperature represented ¢t (Fahrenheit’s scale), v 
the elastic force of the vapour at the we By egy the 
height of the barometrical column in inches at the time of the —— 
ment.’ It agrees nearly with that which was obtained by Dalton 
on the state of the thermometer at the dew-point, the 

of the mercurial column in that result 30 inches. From 

this formula, the temperature ¢ being 50° (Fahr.), B= $0 inches, and 
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by sw 


a= 


erent liquids intermixed, while they retain their dry 


r=0375 (from Dalton’s table of the elastic force of vapour 
sponding to that tem and that density of the \s 
have G = ‘002477, the grains of moisture in a cubic inch 


any ee ee . 
po arg grains, in a 
and 


any ygrometer may 
peg 3 co tpg aden ke the number in Biot’s table 
the o' degree and dividing the product by 100; 
must be made because, in that table, 100 represents the 
the vapour when in the state of complete saturation. 
The extreme points on the scale of an hygrometer 
elongation of a material, like those of Saussure and 
found in the following manner; the instrument is to 
@ receiver in which is a certain quantity of dry caustic 
after a time, the material will contract in 
nature will permit; the point on the scale at whi 
that of extreme dryness, and constitutes the zero point. 
ment may then be placed in water, or in a receiver 
completely saturated with moisture, when the rap apr ee 
the greatest extent possible: the place of the index is then to 
sidered as the point of extreme humidity, and is usually 


100. The employment of organic substances in hygrometry, has how- 
ever, been long since almost disused, for exact 5 
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hollow ball into which is introduced sulphuric acid, 
the balls is covered with cambric, which is kept by 
water from a neighbouring vessel; and thie re ae of the water, : 
by cooling that ball, allows the air in the . perior 
elasticity, to depress the acid in the tube below and force it to rise in , 
the other. The degree of evaporation depends partly on the tem- 
perature, and partly on the state of the surrounding atmosphere with —__ 
respect to humidity ; and hence the depression of the acid in the tube, 
being measured by a convenient scale, affords an indication of the 


relative ess of the air. In i = pea the absolute x 
quantity of moisture in a given volume atmosphere the 
state of his hygrometer, Leslie, having toca’ troeh, Soe Speciale 4 


that the capacity of air for caloric was j of that of water, and having , 
ascertained that the quantity of caloric necessary to convert a bs 
volume of water into vapour was expressed by 6000 degrees / © 
instrument; concluded that the same quantity of caloric would raise : 
an equal volume of air to a temperature by § x 6000, 
16,000 degrees of the instrument; and consequently that, at the tem- q 
perature of the wet ball, atmospheric air contains a quantity of  —— 
moisture equal to yigy part of its weight for each degree; the scale 
between the points of extreme dryness and extreme moisture being : 
divided into one thousand parts. (Treatise ‘On the Relations of Air to a 
Heat and Moisture.’) 

From the fact that the elastic forces of pure vapour and of vapours 


5 


— 


mixed with atmospheric air are equal to one another, the . 
which air undergoes in consequence of being saturated with moisture E 
may be found. For if v represent a given volume of dry air, v’ the 
volume when saturated, and B, in inches, the height of the barometrical 1 
column ; then the elastic force of the air, under the increased yolume : 
, 


Dalton’s table, the sum of the elastic forces of the air and vapour will __ 
be expressed by reid; and this being made equal to B, the pressure 


of the atmosphere, the value of v’—y may be found. gens Dele 
that value expresses the expansion in a fractional part of the volume of 


air. 
At any place on the surface of the earth, the mean temperature at 
which moisture begins to form in the atmosphere may be found from 
Dalton’s formula &= 4, M (¥ —¥’), in which & is the number of 
evaporated in one minute from the surface of water in a cylindrical 
vessel 6 inches in diameter and 1 inch deep, Pr is the elastic force of 
vapour in the atmosphere at a given temperature, which be the 
mean annual temperature at the place (50° Fahr., for Great ° 
and vr’ the “pape force Pepe at Ps 

form; M is, in grains, the evaporating force in an 

to be perfectly ; and Dalton i 

different temperatures, the atmosphere being at. rest, in 


y 

: 
v’ is = Now F representing the elastic force of the vapour in inches : 
of mercury, which, for the given temperature, may be found from 4 

q 


SSawerssced. 


inches, Sui 


—) 


corresponds 
dierent degree of tmpertare form: 


le 
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pee Boe een a eo "00205 for the number of grains 

of moisture in a cubie inch of air to the elasticity Fr’. 
To this number ure 44° 16’; which may be 
to contain the values of @ for 


the tem; 
of tem: 


part So ela get ae 

from the time of the publication of a brated paper by De Luc, 

Philosophical Transactions’ for 1792—and is so intimately 
Scrimestbed alan with the of the of science in that period, 
that we have cs. Sevens fit to retain, with a few slight insertions and 
portion of this article as it originally appeared 
pepeey erviass lement to the ‘Penny Cyclo ’ in the year 1846. But 
it has already remarked, in Dew-Pornt, that for the 
determination of that critical temperature and its d on, the indicia 
of all h , the simultaneous observation of -bulb and the 
ib thermometer is now aan universally ad according to 


, or where many persons h 
other cause, is usually or ly 

protected by a cap of wire-work to defend 
, however, if it interfere with the readings of the 


a 
i 


depression, or depression of the dew-point, in calculating 
prvrwray’ i: ame A RO 
at the dew-point is effected by the formule of Dr, Apjohn :— 

h dih 

-@s PF =f— G+ 35--+ + 
(a) To be used when the reading of the wet thermometer is above 
ee ee lon, me Preeset nar y whet mos 
depression, 
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in the‘ of the Royal Irish 
the values of the elastic force of vapour as given in the ‘ 
Committee of Physics including Meteorology’ of the Royal 


aEES 


Society of London, 1840; and also between it and that deduced from 
the values of that force and the formule given by Professor Kemtz, in 
his work on Meteorology, It was found in this comparison that the 
errors of the inferred dew-points were considerable with both sets of 
tables. Similar comparisons were made, using the table in question, 
and the errors were found to be always small. Dr. Apjohn’s 4 
combined with it, gave results in close accordance with direct observa- 
tions of the dew-point. It follows therefore that it represents. nef : 
considerable accuracy, the relation between the tension and the tem 
perature of steam. 
We must not conclude, however, while on this branch of the = 
without the attention of the reader 
observer, to the following remarks of Sir John F. W. y etenlle Wan “The 
discussion respecting the formule and coefficients of reduction . 
observations of this nature can hardly be as satisfactorily 
terminated ; and it cannot be denied that difficulty still subsists 
any mere reading of instruments, the exact by 
op In the absence of direct observation of the 
Dew Point, the actual absorption and weighing of the water contained 
in a given volume of air seems to be the only method free from 
theoretical objection, and it might not be very difficult to contrive a 
| Banal apparatus for this purpose.” ‘ Meteorology,’ in ‘ Admiralty 
ual of Scientific Enquiry,’ ‘8rd edit., 1859, p. nt note. 
aaibene retoreny 1 ry Appaatix ie sane 
years uent to 1847, have in an ( 
separately), to the annual volume of ‘Astronomical Observations 
made at the Royal Observatory’ ee deductions are 
stated for month among the results ordinary meteorological 
observations, under the head of ‘ Humidity of the Air,’ and consist of 
the Som oem tel ge Mpls ae are the 
weight of vapour in a cubic foot of air, the degree of humidity, and the 
weight of a cubic foot of air. From August 24, 1856, hourly observa- 
tions have been made once in every week during twenty-four hours, 
the h ical deductions from which, stated for each hour, include 
also that of the vapour required to saturate a cubic foot of air. Those 
deductions, together with the other ical elements, are 
further given in the form of monthly means. Tt is ex; in the 
‘Introduction to the Observations for 1857’ (the latest which have 
been published) that, the dew-point having been inferred exclusively 
(as aed in article) from simultaneous observations of 
the dry-bulb and the wet-bulb ometers ; in order to find the 
between the of the former and the dew-point, the 
difference between the dry-bulb and the wet-bulb readings has been 
ican py 1 Ag factor taken from the following table, which has been 
poo at Glaisher from the comparison of all the simultaneous 
the dry-bulb, wet-bulb, and dew-point thermometers from 
Pan 1840 to ie end of the year 1854. The dew-point having 
been thus found for each individual observation, the mean has been 
taken for each day (as defined from midnight to midnight), and this 
mean is corrected by application of the elements in Mr. Glaisher’s 
‘On the corrections to be applied to the Monthly Means of 
Meteoro Observations taken at any hour, to convert them into 
Mean Monthly Values ;’ ‘ Phil. Trans,’ 1 48, part i. 


Taste or Facrors BY WHICH THE DIFFERENCE OF RxeapInos oF THE Dry-BULB 
AND WEt-BULB THERMOMETERS IS TO BE MULTIPLIED, IN ORDER TO PRODUCE 
THE DIPPERENCE BETWEEN THE READINGS oF THE Dry-BULD AND Duw- 
POINT THERMOMETERS, 


Reading of ; Reading of Reading of 
Dry-Bulb | Dry-Bulb Dry-Bulb 
Thermometer, Factor. Thermometer, Factor Thermometer, Factor. 

20° 81 | 4 22 68° 18 
21 7 «| 45 2:2 69 18 
22 7 46 21 70 18 
23 73 | 47 21 71 18 
24 69 | 48 21 72 18 
25 a 21 73 18 
26 61 | 50 21 74 17 
27 56 51 20 75 1-7 
28 51 52 20 76 17 
29 46 53 20 77 17 
30 4:2 b4 20 78 17 
31 37 55 2-0 | 79 1°7 
32 235 56 20 80 17 
33 30 57 1-9 81 1°7 
34 2°8 | 58 19 82 17 
35 a ee 19 83 17 
36 25CO 60 1°9 84 "7 
37 24 61 19 85 17 
38 24 62 1-9 86 17 
39 23 63 19 87 16 
40 23 64 19 88 16 
41 2°3 65 18 89 16. 
42 2:2 66 1°8 90 1°6 
43 22 | 67 18 


(Croup; Drw-Pornt; Dew; Evaporation; Ham; Hoar-Frosr; 
MergoRo1oay ; Ran; Sow; "Varour.) 

HYMEN, or HYMEN ZUS, the no of marriage, was the son of 
Apollo and a muse. In very early he was described as a mortal 
of extreme beauty, who delivered from captivity some Attie virgins 


HYPERBOLA, 
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ay 

if 
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song of joy, 
in the present day. Such was the opinion of St. Isidore, who gave 
plaint and sorrow the name of threna, from threnos 


z 
i 
: 
Ey 


ef 
f 
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is now ied to any short religious poem sung in places 
blic weulanset bike a version of a psalm, or taken directly 
any of the canonical books of Scri 3 
HYOCHOLALIC ACID (C,,H,,0,). A 

along with sugar of gelatin by the action o’ 


acid. 

HYOCHOLIC ACID (C,,H,,NO,,). This acid, in combination 
with soda, constitutes the chief portion of the bile of the pig. It is a 
white resinous body, fusible in hot water, and then presenting a silky 

It is very slightly soluble in water, by which it is dis- 
ished from cholic acid. It gives insoluble precipitates with lime 


baryta. 
HYOCHOLOIDIC ACID. [Hyopystysry.] 


HYODYSLYSIN (C. 0,). An homologue of in, produced 
by the action of boiling hy: loric acid upon hy ic acid. It is 
oe in ether, 


insoluble in water, ammonia, and potash, tolerab! 

and but slightly soluble in alcohol. Its formation is preceded by that 

of Ses resinous acid, termed hyocholéidic acid. j 
OSCYAMINE, Hyoscyama, the active and alkaline principle of 

the Hyoscyamus niger and other varieties of henbane, from which it is 

obtained by a very complex and tedious process. 

The properties of h. ine are :—It crystallises in stellated 
groups, which have a silky lustre ; and it is often obtained in the state 
of a colourless, viscid, adhesive mass. When ly dry it is 
inodorous; but when moist, lly if impure, it has a di le 
stupefying smell, resembling that of tobacco. When anhydrous, hyos- 
ges not an alkaline reaction tae when mixed with ee it 

, on contrary, very permanently alkaline properties. It is not 
volatile at common tem res, and undergoes no by exposure 
tothe air. It melts ata low ternperature, flowing like oil, and is volati- 
lised at a high temperature ; a large portion of it is then decomposed, 

ing carbonised and yielding ammoniacal vapour. It is also partly 
yolatilised by the vapour of boiling water, and communicates to the 
distilled water the properties of a narcotic ‘eae It is readily 
soluble in water, and iodine added to the solution gives a kermes- 
coloured precipitate ; tincture of galls gives a white precipitate ; 
chloride of gold preci: whitish floeculi; solution of chloride of 
roy npr gives no precipitate whatever. It dissolves also in alcohol 


Hyoscyamine burns with a sooty flame; concentrated nitric acid 
a it without acquiring colour, and sulphuric acid renders it 
Hyoscyamine exists in combination with an acid ; it neutralises acids 
Ey anes and ita power of saturation is great. The salts which it forms 
direct combination with dilute acid mostly ise, are inodorous, 
but have an acrid nauseous taste, are unalterable in the air, and are 
extremely poisonous. 

H preety a narcotic poison, like narcotine, and proves fatal as 

ly as con 

HYOSCYAMUS NIGER. The medical uses of Hyoscyamus niger, 
or henbane, have been detailed at the end of the article Hrceoraieoh, in 
Nat. Hist. Drv. 

HYPAZTHRAL. Soci 

HYPERBOLA. In ion with this article see Corto Sections ; 
Evtirse; Parapona. 

The hyperbola is one of the curves known by the name of conic 
sections. It is in the application of mathematics the least useful of the 
three ; indeed, so very rarely does the necessity of using it occur, that 
it may be a question whether the study of it should form a part of a 
course of practical mathematics. But there are in pure analysis so 
many analogies which are illustrated by distinctions existing between 
the properties of the ellipse and hyperbola, that the student who 
aspires to more than elementary knowledge cannot dispense with the 

The t Senses auiiat locos and fi lete bh 

wo es A mM form a complete 7 
bola, derived from the cone, or from the Salton of the pecwal 
degree, [Conic Srcrions.] There is a of straight lines passing 


CENTRE C, namely, 1c L and Sox, which are asYMPTOTES to 


the curve. There are two foci (as in the ellipse) s and u, the position — 

;| of which may be thus found when the 

are given: from a draw av perpendicular to the axis; then 
¥ 


ipal axis am and the 


asymptotes 
es and cH are both equal to cy. 


SP, and vice versa. The it 
PN, the ordinate jouer 
the el found by taking on the line third proportional 
e ellipse, foun on the C8,CK,a 
os and ca, and drawing through K a perpendicular to the axis ; 
in the ellipse, sp always bears the same proportion to PR, sy 
of cstoca, And cs divided by ca is called the excentricity, 
tinction between the ellipse and 
excentricity is less than unity, and in the latter greater. The double 
ordinate drawn shrodgh sty ae calle tis ete oS 
bola, and its half the semi-latus rectum. Thus far the 
between the ELLIPse and hyperbola is at the same time 
it is obvious that there is nothing in the ; 
minor axis of the ellipse, or to conjugate semidiameters, But if another 
hyperbola be described in the manner immediately to be pointed out, 
a will be obtained which will enable us to point out properties 
answering in all respects to those of the elli erie ihe conan 
cCaVB, and describe another hyperbola of which cB is the semi. 
and the same lines as before the asymptotes. This hyperbola is said 
to be conjugate to the former one; and its foci s’ and H’ are at the 
sap a ape tes agde nape oe pe ageye es ger ‘ 
In ellipse, ¢ A was major semi-axis, as being greater 
shaos G3, tbe meerabes ale Let the words major and minor refer 
to the importance of the several axes, and not to their le. 
Then 4 is called the major semi-axis (or the semi-major axis) of the 
hyperbola passing through a and M, and cB its semi-minor Con- 
versely, cB is the semi-major axis of the hyperbola passing 
B and B’, and © is its semi-minor axis. Generally, the major axis of 
an hyperbola is that which cuts it, and the minor axis that which cuts 


the conjugate hyperbola. ; 
myc uare on the ordinate PN is to the 


As in the ellipse, the 
of MN and wa (which is the excess of the square of oN over that on 
cA) in the ion of the square on cB to the square onca. Ifep 
be drawn 1 to the tangent PT, D is said to be conjugate to Pp, and 


the semi-diameter oD conj to the semi-diameter cr. . If the 


visible : 


parallelogram Pc DK be com the point x will always:fall on the 
asymptote, and the other DP will be parallel to the other 
asym) And cP, any semidi falling in the acute angle of 
the asymptotes, always exceeds its semiconjugate oD; and the excess 
of the square on cP over that on cD is equal to the excess of the 

parallelogram CDKP 


uare on CA over that oncB, The area.of the 
Sera remains of one magnitude, 


rectangle of cw and wP alwa: 
the square on half ray the 


the lin 
between the two asymptotes, is bisected 


ual to the square on Pk or PL. And the rectangle of the focal 
distances 1 P and 8? is always equal to the equare of the semiconjugate 


diameter o a drawn the point of contact. And the square on 
¥ xX is to the of py and ya (or the difference squares 
on cy and o@) in proportion of the square on cP to the square 
on oD. 

A lar let fall from a focus 8 upon a tangent Pp T meets the 


If any number of 


dis- 
la being that in the former the 


°F 


| 
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the same abscissa oN, the tangents at P, P’, &c., will all meet the axis 
© 4 in the same point 1: and any two such ordinates PN, P’ N, will 


x 


Pp! 
K 
v 
P 
c T 1A N ; 
always be to one another in the proportion of the minor axes of the 
to which they belong. . : 
it were not necessary to consider the h in connexion with 
the ellipse, perhaps the following way of ibing it would be the 
most simple. 
R 
P 
B 
v 
c = N 
Let c a be the semi-axis major, and c u one of the asymptotes: and 


while the line N U moves to av, let P move upon that line in 
such a way that the square on N P shall always be less than the square 
on N w by the square on Av, ‘Phen will trace Gut one teanch of the 

But if at the same time the square on R N exceed the square 
on NU by the scdkd Gal. 4; ths pode Will tones ont A tama oF tho 


conjugate h la. 
‘or a remarkable property of the area of an hyperbola see Loca- 
RITHMS. 


Among ellipses there is one sort which is conspicuous, namely 
the ellipse in which the maj and minor axes are equal, or the 
circle. The yperbola, namely, that in which the 
major and minor axes are equal, is called the equi 


yet 

asymptotes are at pe Raggy rope: « Prtemg pabattad 
its conjugate are equal. Any semidiameter c P is equal to 
ita semiconj 


ugate cD, and PD is at right angles toow. Its excentricity 


is /2 or 1:4142...., and the square on oN always exceeds the 

square on NP by the square on ca. 

In the preceding article it will be observed that we have called the 

Senet asl i ES 8 eS bola. are 
uently two opposite hyperbolas ; form in fact onl 

one curve, defined by one equation. ‘ wr ‘! 


this mode of speech ; but it is ly characteristic of the Oriental 


— ag and verse. 
HY LOID. [Surraces or Srconp Deoree.] 
HYPERION, a Titan, the son of Uranus and Ge, and father of 


OA Peine Helios, who is often called Hyperion, [Hex1os.] 
H IROILIC ACID. [Saticyiio pode, 
HYPERTROPHY (from éxép, above, and tpopf, nutrition), a term 

in medicine the t of a part of the body from 

excessive hied organ contains no new solid 
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or fluid substance, but one or more of its proper component tissues are 
in greater quantity than in the healthy state. The opposite condition 
of a part—namely, diminished bulk from defective nutrition—is termed 
y- [ArRopxy.] t 
_When hypertrophy attains such a degree as to interfere with the 
action of the organ in which it is seated, it constitutes an important 
and highly dangerous disease; such is frequently hypertrophy of the 
heart. tT, DISEASES or 
The immediate cause of the hypertrophied state is, as we have said, 
increased nutritive action in the organ or tissue; and since all parts of 
the body are formed and nourished from the blood circulating in them, 
it is natural to suppose that the production of hypertrophy would be 
accompanied by increase of the quantity of that nutritive fluid in the 
part. It is necessary, however, not merely that the blood should be 
collected in it in larger quantity, but also that it should circulate 
rapidly through the minute vessels, so as to bring constantly fresh 
portions of new nutritive matter into contact with the smallest com- 
ponent particles of the — This is pk oa by reference to 
the known exciting causes of bh hy which give rise primarily to 
prey iris pen Jace arise 36 Spee i tion of blood in the 
small blood-vessels. ere are, it is true, instances of hypertrophy of 
which we cannot perceive any exciting cause: thus, in some persons 
the adipose tissue, or fat, in others the bones, are more than ordinarily 
developed, without our being able to assign any other reason for it than 
that there was a predisposition in the constitution of the individual to 
such increased nutrition. But generally we can refer the hypertrophy 
either to excessive exercise of the part, or to the long-continued action 
of a stimulus u it. When any part is in a state of activity, a 
greater flow of blood takes place towards it than when it is at rest; and 
it is well known that a stimulus such as friction applied to a part of 
the body causes it to become of a brighter red colour from its vessels 
being more injected with blood. If such a state be long kept up, over- 
nourishment is the result. A et ye example of hasty from 
increased exercise is afforded by the muscles of the arms of the black- 
smith, or those of the legs of the opera-dancer. The heart also 
frequently becomes hypertrophied from this cause; for instance, in 
cases where an increased action of its muscular walls is rendered neces- 
sary by an obstacle to the Lea of the blood, which it propels into 
the body. Hypertrophy from second cause, the long-continued 
operation of a stimulus, is seen in the thickened state of parts of the 
in which have been subjected to friction. But hypertrophy from 
this cause is seldom simple; it is generally combined with the depo- 
sition of new matter of a different nature from the original tissue, the 
stimulus having excited inflammatory action as well as increased 
nutrition. ; 

The treatment of hypertrophy consists in the removal of the exciting 
cause, if this can be effected : the part should be kept at rest as much 
as possible, all irritation prevented, and the supply of blood diminished. 
These means can, however, in very few cases be put into practice to 
such an extent as to be beneficial, except in arresting the progress of 
the affection. 

(Andral, Pathological Anatomy ; Carswell, Illustrations of the Ele- 


—— Forms of Disease.) 

HYPERURIC ACID (C,,N,H,0,), Peruric Acid, discovered by 
Unger, and formed by acting on guanin with hydrochloric acid and 
chlorate of potash. It differs in composition from uric acid by 1 equiva- 
lent of water and 2 of oxygen: hence its name, It is colourless, and 
crystallises in short rhombic prisms, and when heated is resolved into 
hydrated cyanic acid, water, and carbon. 

HYPO and HYPER, [Cuemicatn Nomenciature; Nomenclature 
of Acids.] 

HYPOCAUSTUM. ATH. 

HYPOCHLORIC AC (Curorine.] 

HYPOCHLOROUS ACID. (Cutorte.] 

HYPOCHONDRIASIS, is a state of extreme sensibility of the 
nervous system, which leads patients to believe themselves worse 
than they really are, to detail their sufferings with exaggeration, to 
individusliee all the painful sensations which they experience, and 
to consider them the symptoms of as many different diseases. Allied 
to this extreme sensibility there is a mental exaltation, which causes 
the patients to pay the most minute attention to what passes within 
themselves. The hypochondriac recounts, without a single omission, 
all the details of his animal and organic life; he relates the manner 
in which his digestion is effected; he numbers the minutes of his 
sleep; he describes his sensations, his ions, the succession of his 
ideas;' and dilates on every thing + concerns hi with a 
copiousness that nothing can arrest. The story which he tells you 
to-day he will relate again to-morrow, and at all times whenever he can 
find you willing to listen to his tale of sufferings. 

The case of a gentleman is related who was so in attention 
to himself as to occupy the intervals of the visits of his physician in 
writing a journal of his sensations. This journal was, at every visit of 
the Lap opine oduced for his perusal. During a period of several 
years thi Belemen was, without any adequate reason, almost daily 
in dread of immediate death, and was continually upbraiding his 
medical attendant and charging him with the greatest cruelty in coming 
so seldom to see a manin such imminent danger. 

As we do not in general see in hypochondriacs any loss ‘ flesh or 

F 
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ces of disease ing to the frightful picture | The affection is always accompanied inflammation of part or of the > 
which ey draw of their sufferings, we take them for visionaries ; and all other such cases, requires x 


such, in most instances, they are, M. Leuret relates the case of 
a hypochondriac, who one day, among other veston: of which he 
complained at great length, said that he could his leg slowly only 
and with difficulty, and to show to what an extremity he was reduced 
he lifted the limb with an appearance of effort. “Well! what 
ean you wish more?” inquired M. Leuret, “Zounds;” cried he 
abruptly, “to do this ;” and at the same time he extended his leg with 
great freedom and force. M. Leuret could not restrain his laughter; 
and his patient, on perceiving the mistake that he had made, laughed 
also most heartily. : j 
The sufferings of hypochondrises have been called imaginary, and, if 
it is meant that they are a product of the imagination, the appellation 
is just; but the appellation of “ imaginary ” is false if it is pretended 
that they are not really felt, Of all patients, those whose diseases are 
imaginary probably suffer the most. In many cases however these 
are affected with a real disease, and the term hypochondriasis 
fh applicable to them only in consequence of their having their atten- 
tion constantly fixed on their complaint, and of their experiencing a 
degree of fear and sadness which their condition does not warrant. 
Hypochondriasis is frequently witnessed in young men of studious 
habits, and is the result of intellectual application too much prolonged. 
There is a class of students who, from the nature of their studies, are 
frequently affected with it—we allude to students in medicine, The 
descriptions which they read and hear of diseases, and the continual 
observation of the sick, affect their imaginations, They learn that 
incurable diseases often arise in the most insidious manner, They 
apply to themselves the lessons they have just learned ; but as these 
lessons are very incomplete, their application is false, and they discover 
in themselves a number of diseases of which there is no real existence, 
There are few physicians who, in recalling to their minds the period of 
their first studies, and the sick whom they first visited, do not at the 
same time remember the inquietude which they experienced respect- 


’ ing their own health, Persons in the habit of reading medical books 


run the same risk as medical students, and are similarly affected. 

Another very fertile source of hypochondriasis is luxury, and the 
want of occupation and exercise, The hypochondriasis produced by 
this cause is the most obstinate of all, and is at once the despair of the 
patient and the torment of the physician. Happy are those whom the 
possession of a competence, earned by the labour of each day, preserves 
from such a malady. Poverty itself, with all its privations, is attended 
with less misery than the riches of the hypochondriac. 

Hypochondriasis occasionally results from other causes, such as mis- 
fortunes, the excesses to which young men are addicted, and the pro- 
longed and injudicious use of medicines, 

The treatment of bypochondriasis must of course vary in some 
degree with its cause. We must endeavour to allay the groundless 
fears of hypochondriacs, and by a change in their mode of life, and by 
diverting their attention, to break the habit which they have formed 
of continually brooding over themselves, The first point, and which 
is quite essential, is that the patient should have an entire confidence 
in his physician. Confidence begets tranquillity, and banishes all those 
symptoms that originate in fear. 

li hypochondriasis result from severe study, a relaxation from 
labour, and the distractions of society, with a country life, will prove 
the most efficacious remedies, 

If it is occasioned by idleness and luxury, a solid and permanent cure 
can rarely be obtained except by a life of occupation, a moderate re- 
gimen, and bodily exercise long sustained, The field sports of this 
country are admirably adapted to the fulfilment of these conditions, 
Instances have been recorded of patienta having been freed from the 
hypochondriasis to which they have been long a by the loss of 
their fortunes, or by some calamity which renbed then! from their 
state of apathy and rendered exertion imperative. 

In all cases a remedy must be sought for in the banishment of their 
groundless fears, in a change in their mode of life, and in scenes that 
withdraw them from the continual contemplation of themselves. 

HYPOGEIC ACID (C,,H,,0,). An acid hcmologous with oleic 
acid, obtained along with arachidic acid by saponifying the oil ex- 

from the seeds of the Arachis hypogwa. It crystallises in 
needles, soluble in alcohol and ether. [Anacurpic AcrD.] 

HYPONITRIC ACID, [Nrrgocry.] 

HYPONITROMECONIC ACID, (Opium, Avkatoms or; Nar- 
COTINE. 

HYPONITROUS ACID, [Nrrrooey.] 

HYPOPHOSPHOROUS ACID. nhrraies pace 

HYPOPION (from érémiov), a collection of lent matter in the 
anterior chamber of the eye, Mr. Lawrence (‘ Treatixe on Diseases of 
the Eyes’) shows that this should not be regarded as a separate disease, 
but as the result of inflammation of some part adjacent to the anterior 
chamber, The purulent matter is in some cases secreted by the mem- 
brane of the aqueous humour ; in others it proceeds from the bursting 
of an abscess of the cornea or of the iris, The pus poured into the 
anterior chamber being heavier than the fluid which naturally fills that 
cavity, falls to the bottom, and produces an opaque spot which is 
visible through the cornea, and has its upper orizontal, and its 
lower edge, which is bounded by the margin of the cornea, crescentic. 


whole of the tissues of the eye, and, 

active antiphlogistic treatment. ; 
HYPOSULPHAMYLIC ACID (C,,H,,S,0,). An acid similar to 

the hyposulphethylic acid, but containing the radical amyl in the place 

of ethyl. [Heroscurmaric Act.) ae 
HYPOSULPHETHYLIC ACID. Synonymous with Zthylsulphu- 

rous acid, [Ernyt. } 
HYPOSULP IGOTIC ACID. [Inpico.] a 
HYPOSULPHONAPHTHALIC ACID, [Narutnatic Grovr.] ; 
HYPOSULPHONAPHTINIC ACID, [Naratuatio Group.) 
HYPOSULPHURIC ACID. [Sutravr. 

HYPOSULPHUROUS ACID. (Sunexnvr.] ee 
HYPOTHEC (from the Greek dxoéfxn, a security, literally the sub- 
jection of a thing to the authority of another person) is a term derived = 
from the civil law, still in use in the law of Scotland, and in that of 
France with the lingual ‘variation Aypothéque ; while, though in the 

law of England it is not a received technical e ion, it is occasio 

used for describing any mete of security holding the character Ptr: 
the word was employed by the civilians to represent. Hypotheca in 

its proper acceptation signified a right of security over something which 
was not placed in the creditor's possession, in contradistinction to 
pignus, which applied to what is now termed a pledge. See the dis- 
tinction, pretty clearly drawn, in the Institutes of Justinian, 4. 6, 7 j 
and in the Digest, 13, 7; 9. 2: “ Proprid pignus dicimus, quod/ad credi- 
torem transit; hypothecam, cum non transit nec possessio ad creditorem.” 
But the distinction is often lost sight of, even in the original authorities 
of the civil law; for the Roman lawyer Marcianus says that the differ. 
ence between the two expressions is merely nominal (D. 20. 1,5); and 
see Brissonius de Verborum Significatione, voce Hypotheca. Hypothe 

were distinguished into those created by contract, and the 


law on the subject will be found in the Pandects, lib. xiii. tit. vii. de 
Pignoratitia Actione, &c. (above referred to); in lib. xx. de Pignoribus, __ 
et Hypothecis ; and in the Code, lib. viii. tit. xiv. The reader will 
also find a short but clear summary of the Roman rules on thissub- 
in espa ‘ Institutiones Juris Romani, lib. ii, cap. Ve 
$§ 450-478. ny 

The several securities over real property in various parts of the 
empire, which can be completed without the absolute transfer of the 
property to the creditor, are so many illustrations of consensual hypo- 
thecs in that description of property. Consensual i fea td in move- 
ables are nearly unknown in the British empire, as the law, studying _ 
the interests of commerce, has discouraged any latent right in favour 
of an individual over merchandise and other moveable goods while 
they are left apparently at the disposal of the original owner, and are 
liable to be viewed by all who transact with him as his property. 
Bottomry and Respandentia are perhaps the only instances in which it = 
is countenanced. But there are still some tacit h ; 


the operation of law, affording a preference to particul itors over 
te Props of a porn) who cannot or will not pay all hi debts. 
Used in this sense, hypothee is properly the counterpart of lien, th : 
former being a tacit security over property which is in the de 
hands, the Tntter over property in the creditor's hands. Those bait 
visions in the excise laws which giye the reyenue a preference over 
exciseable commodities, and the ents used in their = 
facture, are strictly the creation of tacit hypothecs, The provisions 
the bankrupt acts for paying seryants’ wages and other debts out of 
the readiest funds of the bankrupt are the establishment of a general 
hypothec over the estate. ig bw, 

n Scotland, the landlord’s privilege to seize the tenant’s goods for 
arrears of rent is called a hypothec while it is unexercised; that is to say, . 
before execution against them is commenced the landlord is said 


have a hypothee over the goods; and this right, it is said, covers ‘t 
only is cdineey rent, but also the additional rent stipulated in 


event of deviation from the terms of the cultivation clauses pout this o 
doctrine has been s ly attacked). On an agricultural 1 the 
crop stands hypothecated for the rent of the year of which it is the 
produce. The landlord's right exists so long as the crop is onthe 
farm, and it extends to the revendication of it even from a bond fide 
purchaser within three months after the rent has fallen due, unlesshe 
have been a purchaser by bulk in open market. The hypothec for 
other effects—as the cattle on a farm, the tenant's furniture ina house 
—subsists over the whole for each term's rent, and gives a prefere 

for three months after the rent is due. The landlord’s hype ec is 

not affected by the bankrupt statutes. In Mr. Hunter's able treatise 

on ‘ Landlord and Tenant,’ the origin and effect of this branch of the 
law of Scotland is discussed with great clearness and precision, and 
for the purposes of practical reference the reader is 


eferred to that 
work ; the following points, however, extracted from it, are in 
notice: st, that the earliest, and indeed the original, remedy Myven 

the landlord for the recovery of his rent, was by brieve of distress; 
and that, 2ndly, it was not till the beginning of the 17th century (1623) 
that the term hypothee appeared in the decisions, from and 

which period distress pore and hypothecation prevailed; 3rdly, 

there is so obyious a distinction between these two remedies, arising 
from the more extensive o ion of pothecation in followir f ‘ 
realising the {effects, as to lead to the conclusion that the rules an 
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: are, See a drawn directly from the Roman juris- | then any two similar figures described on the first two lines are 
, that the Scotch right of hypothec is not to be deemed er equal to the corresponding figure described on the third. 


a right of pre , but a right from a tacit contract, inseparable 
So ar aE lease; 5thly, that this right is purely legal, and 
cannot be created convention,—the only conventional hypothecs 
known to the law of Scotland being bottomry and respondentia ; and, 
‘lastly, that the rules relative to hypothec have arisen from the common 
law without the intervention of statute. Another right of a different 
description is called a h: in Scotland—namely, the right of a 
law agent to take his client’s decree for expenses, or j ent for costs, 
in hi yment of his account 


ies,’ vol. i. 

In France there is a distinction between priviléges and hypothéques. 
All tacit hypothecs, according to the division above kept in view, are 
included under the former, which are subdivided into a general prefer- 
ence over all the moveables or personal pro in the debtor's 


~ is the class of rights which has been spoken of 
tacit hypotheo, and it includes the landlord's security for his 
There is a classification of privi sur les immeubles, con- 


‘space was reduced to Fa eee te one. Take away the 


, both sides of the pre equation, 

Reser of the sinaller setnicircles, namely, lunules x x 
and 2 ire together equal to the remainder of the me, namely, 
proposii is attributed Hippoorates 


proposi 
bat juares, all the rest follows easily, after the doctrine ok proportion 
on 


same proportion as 


be 
if then thé squateg oh two lines be together ecjtdl to that on a third, 


6 shall flow sketch four different demonstrations of this funda- 
mental proposition, desiring it to be remembered that we supposé the 
reader to have already become acquainted with it in an elementary 
course of geometry. ‘ 

1. Let cb (in preceding figure) be drawn perpendicular to A B. 
Suppose that (after the manner of some writers on geometry) the 
theory of proportion and of similar triangles is established before any- 
thing is proved relatively to the areas of figures. Then it is easily 
shown that cp and © DB are triangles similar to one another, and 
to the whole acs. Now in such a system of geometry, it can 
easily be shown, without the aid of our theorem, that any two similar 
figures, described on two straight lines, are to one another in the pro- 
portion of the squares on those lines. Consequently, AO B, ADO, BDC, 

ing similar triangles described on AB, A 0, BO, are to one another 
as the squares on AB, AC, BC. But the first triangle is evidently equal 
to the sum of the other two: consequently, the square on AB is equal 
to the sum of the squares on ac and cB, This demonstration may be 
objectionable in a geometrical point of view, but it contains one of the 
most useful modes of illustrating the proposition to a person unac- 
quainted with geometry. Let such a one be made to remark the very 
visible fact, that two similar figures described on two straight lines are 
always of the saine relative magnitude, each to the square described on 
the same line: he will then, seeing that the right-angled triangle is 


made up of two righ led triangles similar to itself, each having 
one of the sides for its enusé, be able to see that the square 
on the hypothenuse is to the sum of the squares on the sides. 


2. The next method be ocular demonstration, made by cutting 
the square on the hypothenuse into the squares onthe sides. Letaos 


‘al 
\w : 
D 
F L 
. 
c 
On 
A N B 


K 


be the triangle, right-angled at o; and on aB describe the square ADEB, 
and on Ac and oBthesquares AFGoandcHKB, From gdraw EL per- 
pendicular to BM, and from D draw D Q perpendiculartoac. It is easil: 

ed that the triangles aobB, BLE, DQA, are equal in all respects; 
whence (1) the line F a must pass h D, since DQ@=Aa0; (2) BL= 
BC=BK. Hence, by the parallels, the triangles NkKB and MEL are 
altogether équal, so that EM=BN, whence MD=NA, and, by the 
parallels, D@M and AHN are altogether equal. And arp is in all 
respects equal to BLE. Out of the square aDEB take BLE, and 
remove it to AFD; remove MLE to NKB,and AHNtopa@m, Then 
the square ADEB will be formed into the two squares arGo and 
HOBK, 

In a paper by Professor Kelland, ‘On Superposition’ (‘ Edinb. Trans.’ 
vol. xxi. p. 2) are twelve different ways of dissecting a square into two 
squares, one of which shall be three times the other. This paper 
suggested to Mr. Airy, the Astronomer Royal, the follo very 
simple mode of yes bs two squares into one; from which a demon- 
stration of i. 47, ma: erived'of a more elementary character than 
that given by Euclid himself. Place the squares a @, K 0, side by side, 
as in the preceding diagram; and make @t equal to Bo, as before. 
Join F,L and L, K, then F L, LK are equal and perpendicular to each 
other. Turn the triangles ry GL,L BK, round the points F, K until ra 
coincides with ¥a,and KB with KH. The two squares will thus be 
turned into the square on FL orLK. The same thing maybe done by 
translation of the triangles, without rotation. It is Saher singular 
that, many as haye been the 6 which have rested on the preceding 
diagram, no one should ever have made it yield the dissection just 
given. 

Each mode of demonstrating a geometrical proposition usual 
belongs to its own particular generalisation of that proposition. Th 
one last before us suggests the following generalisation :—If any two 
triangles have a pair of supplemental angles, and if the sides opposite 
to those angles be called h enuses, and if P,Q, be the remaining 
sides of one triangle, and ®’, q’, of the other, then two parallelograms 
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emental 


algebra: not that it is actually found there, for the Hindu works 

demonstrate nothing; but attached to the statement of the ition, 

in the margin of some ge bin oe arategen Fic ape Stic is no 

doubt that belonging to the demonstration, whi as follows :—Let 
D F 


A - B 


acs be the triangle, and describe the square ABDE on the hypo- 
thenuse. Draw Du i to ac, and EG i to DH, 
and produce Bc tomect EGin F. Then paaae pry made up of the 
four equal triangles A cB, BF FE, EGD, DHA, of the smaller square 
GPFoH, which is the square on HC, the difference of ac and cz. But 
the four triangles make up twice the rectangle of a c and cB, and twice 
the rectangle on two lines, together with the square on their difference, 
is the sum of their squares: whence the square on AB is the sum of 
the squares on ac and cB, Judging by the general character of 
Hindu mathematics, it must be sup that their demonstration 
was arithmetical, supposing the sides of the triangle to be represented 
by numbers, and using the equation 


(a—b)? + 2ab =a? +B 


The following is the method of obtaining right-angled triangles, of 
which the sides shall be whole numbers. Take any two whole numbers 
whatsoever, x and y, of which x is the greater; then if z?—y* and 
2 xy be the two sides of a right-angled triangle, the hypothenuse is 
z+y*. For instance, let z=11, y=7; then 2°9—y’=72, 2 czy=154, 
and 2*+y*=170: whence 72 and 154 being sides of a right-angled 
triangle, its hypothenuse is 170. It is a remarkable proj of any 
three numbers which represent the sides of a righ led triangle, 
that one of them must be divisible by 5. 

4. The last demonstration which we shall give is one which shows 
the property in question to be but one simple and prominent case of a 
property of great beauty and generality, common to all triangles. 


parallelograms whatsoever being described upon the two sides of a 


triangle, a third parallelogram, equal to their sum, can immediately be 


drawn upon the third side, 
Zz 
G 
H 
» c 
7 E 
K 
A w B 

Let ac be a triangle, on two sides of which, ac and 08, let any 
e] A¥acand BCcHK be described. Produce ra and KH 


to meet in Z, and join zc, and produce it to w. Through a and B 
draw apand BF parallel to zw, whence it follows that apzc and 
©ZEB are parallel , and, by equality of bases and altitudes, 
severally equalto arPacandcuks. And ap and £8 are equal and 
parallel to z0, and therefore to one another; whence aprp is 
& parallelogram made up of the parallelograms ap vw and BwveE, 
which, by equality of bane and altitudes, are severally equal to 


ADzZC and BOz®, that is,to arac and CHKB, Hence the parallel- [ 


Pere e the sie 4.9 ke equal the ee oe ries on the We 49 
on. 

Now let the triangle be right-angled at 0, and let the parallelograms 
Dogme died beat gor Paps pe m2 > Preamps 4 
Then ocuz is a rectangle, and Gzc is in all respects equal to acs, 
whence z0=a8B, and thence ap and Bx are equal toap, and the 
apreegyyes oe Pit hl hg a But the angle pac is equal to 
Zon, is equal to OBA, the triangles ozu and BAC being 


property was first noted by Pappus, and it shows that any | The 


al equal. ButcBaand cap are together 
pce aan} reaped: the same, or DAB 


ual to a rigl 2 
tly, AD EB is an equilateral parallelogram, zht <a 
Sie is te Caquare; nha Becttabanee a eta thod bs Oa 7a 


7 


A w B 


on A 8, is equal to the sum of the parallelograms aF Gc and CHKB, 
that is, to the sum of the squares on a c and cB. 
HYPOTHESIS (dro-Geas, itio, 

of placing one thing under another, that 
and be supported by the former; by extension, the nt of 
cause or reason sufficient to make it a consequence that an event or 
phenomenon must happen. For instance, the sun would if 


it were deprived of its power of giving light, and also if an opaque 
: t E 


body came between us and it: either of these : 
cues: sien we bees Seen ool, ee See eer 


an hypothesis, to explain a 
In the article Cause (in natural philosophy) will be found the dis- 
cussion of considerations connected with the use of hy . 


and in the article Arrractron an instance of the important 
between an hypothesis asserted because it is true, and one assumed 


because it is sufficient to explain observed phenomena. We suppose — 


these articles to be known to the reader. 


, literally, the act 
ee may stand vpon 
assignment of 


The followi male 8 eer eee ic by the name of a es 
icrpibeieal ietlegian eA eas? kt ee 


not therefore show that z follows from nothing but a. But if we can 


ly certain that a does not exist. The following sum- 
mary of the four cases may be more worthy of our readers’ considera- 
tion than many of them will suspect — 


1. When a is B, ¥ is z. 


Sok ats ® Therefore y¥ is z. 
2, When a is B, y is z. ) Nothing can be concluded: y may be z 
But a is not B, on some other grounds, or ¥ may not be 
Ps. . . a taigbeptabatgte reason, 
. When a is B, ¥ is z. : 
But xis not k, -{ Therefore 4 is not », 7 
4, When a is B, Y is z. ) Nothing can be concluded: a may be B, 
But ¥ is z. and either because ¥ is z, or for some — 
reason ; A may not be B, and there may be some | 
other reason why y sh be z, 
The establishment of an in natural osophy be 
considered as a process of which the following are ent > 


be shown to follow 
A,B, or C, are deduced as far as that can be done; and if 
sequences really happen, then there is no choice between a,B, and 0; 
but if z’,a necessary consequence; say of 0, should be found not to 
happen, then o cannot exist, and 
A and B, 
3. Let a appear the more 
be the cause of z until som to the contrary appears. 
should be inconsistent with one another, then if one be 


bable of the two, then A is assumed to 
If a and 


:—If a exist, z follows ; if B exist, z follows; if 


choice can only lie between 


. follow. 


909 ’ HYPOXANTHIN. 


> 


HYSTERIA. 810 


must be to the exclusion of the other; but if both may be true, then 
the phenomenon z may possibly be partly due to one and partly to 
the other. ; 

An by esis thus assumed is obviously no more than a probable 
truth; and the existence of sects embracing different hypotheses is 
thus rendered not only natural, but even desirable. The consequence 
of such division is, an ardour of investigation which would not other- 
wise be felt, in order to find out experiments or to make deductions 
decisive of the points in dispute. The ri between the emanatory 
and undulatory bh: eses on the nature of light has much increased 
our knowledge of that agent. But if at the same time it should seem 
that the idea which a reader entertains of physical science must be 
lowered by his learning to take such a view of a h ical founda- 
tion as that which has here been given, it should be remembered 
that the exactness of natural philosophy does nothing but expose the 
uncertainty of human knowledge in general, at the same time that it 
reads a lesson to the cultivators of other branches of learning. The 
hypothesis of attraction, for instance, though established on much 
stronger grounds of probability than conclusions in connexion with 
which the word h, esis is never mentioned, is remembered as being 
only an hypothesis. 

+ the same time the word hypothesis, like that of theory, has been 
frequently applied in a disparaging sense to speculations in which 
suppositions have been made for the purpose of drawing conclusions, 
and not, as in physics, with the view of supplying probable antecedents 
to conclusions which are already drawn from iment. A notion is 
to be supported ; it would be too obvious a fallacy to make the mere 
assertion of it an argument in its own favour, and thus some antece- 
dent proposition, from which the one in question will follow, is 
assumed or attempted to be proved. To prove D, assume 4, taking 
care that it shall be easy to show that from a follows B, from B 
follows o, and from c follows p. This is a use of hypothesis the direct 
converse of that which is made in physics, where D is supposed to be 
known and admitted, and it is asked which among all the a’s from 
which “ might follow is that from which it most probably does 

Cavse. 

HYPOXANTHIN (C,,H,N,O,). A peculiar substance met with in 
the fluid of the human spleen, and also in that of the ox. It has also 
been found in the fluid pressed from the muscles of the heart, and in 
small quantity in the blood of oxen. It presents the appearance of a 
white ine powder, which is almost insoluble in cold hydrochloric 
acid. One of hypoxanthin requires 1090 parts of cold, or 180 

of boiling, water for its solution. It is very slightly soluble in 
iling alcohol. Its solution in water a neutral reaction. 

HYPSOMETRY. The process by which heights are measured by 
the indications of the barometer, [Hercnts, MEasuREMENT OF ; 
meee) 

HYSTERIA (from torépa, the womb) is, in general language, under- 
stood to signify those paroxysms to which females are subject, and 
which are attended with convulsions, g sense of choking, and involun- 
tary laughing or crying. But the term is used in medicine as a general 
expression to include a vast number of other symptoms known as 
“ nervous disorders,” all dependent on a peculiarly susceptible state of 
the nervous system. 

We will first consider the different forms of hysteric affection. 

The hysteric fit or paroxysm need scarcely be described, except for 
the purpose of pointing out how it may be distinguished from fits of 
other kinds; and this is a matter of no little importance, not only as 
regards the treatment required and the temporary alarm of the friends, 
but also with relation to the happiness and prospects of the sufferer. 
For it appears that in France, at least, young females labouring under 
mere hysteria have been ited from their families and society, and 
placed in confinement under the idea that they were the subjects of 
epilepsy, a disease which is thought to be hereditary, is but too often 
incurable, and leads to loss of intellect. The hysteric paroxysm gene- 
rally commences with the sensation of a ball in some part of the 
abdomen or in the left side, which rises with a twisting vermicular 
feeling to the throat, where it induces a sense of suffocation. A tem- 
porary state of loss-of sense and vol power succeeds, in which 
the patient either lies motionless, or is agitated with violent struggles 
of the limbs; the head is struck against the bed or floor, and the hair 
or the breasts are and torn with the hands, Frequently the 
patient tries to bite herself or the bystanders, The involuntary ex- 
ar of the contents of the bladder not uncommonly takes place 

tring dir mage hg absence ot one ions there is often immode- 
rate ter, , or singing, e paroxysm is uently ter- 
minated suddenly by a burst of tears. More usually age tient lies 
quietly for some time after the convulsions cease, and when she re- 
covers complains of headache. Frequently she proves that conscious- 
ness has not been entirely lost, by repeating what has been said 
by those around her. The attack of epilepsy differs from that of 
hysteria in not being preceded by any sensation of a ball rising to the 
throat; the epileptic patient suddenly to the ground, and is 
immediately violently convulsed; the eyes are distorted, and the 
tongue protruded and bitten. In hysteria the features are generally 
uil, and the face is flushed ; whereas in epilepsy it is often of a 

ly paleness. The epileptic fit is in many cases ushered in by a 
short cry, but there is no laughing, crying, or singing during the 


paroxysm, or at its termination, as in hysteria, Lastly, the loss of 
consciousness is complete in epilepsy, generally not so in hysteria. 
These are the principal points of difference. It is well to remark in 
addition that hysteria is almost confined to women, and that the 
paroxysm is generally preceded by some strong mental emotion ; while 
epilepsy is most frequent in men, and more usually attacks the patient 
during the night, or between the states of sleep and waking. Repeated 
attacks of epilepsy leave imprinted on the countenance a peculiar dull 
expression which is not seen in the hysterical. 

“Nervous” females are very liable from the slightest causes to 
hurried respiration, sighing, sobbing, and palpitation; the irregular 
and hurried breathing may become occasionally so aggravated as to 
resemble asthma, from which it is to be distinguished by its occurring 
in young persons, and by its being accompanied by other hysterical 
symptoms, and a peculiarly irritable susceptible state of mind. 

Merely from a disturbed action of the nerves, and quite independ- 
ently of all real structural or inflammatory disease, females frequently 
become distressed by more or less painful sensations fixed in one spot 
or shifting from one part to another. Violent pain in the head, as if 
a nail were driven into the forehead, is a very common hysterical 
symptom. Another frequent seat of the uneasiness or pain is the left 
side, just below the breast, and this pain is often attended with palpi- 
tation of the heart, and the patient is unable to lie on that side. 
Sometimes excruciating pain occupies the whole abdomen. In all such 
cases it will be found that the disease, simulated by the hysterical 
affection (whether it be of the head, chest, or abdomen, or of one of 
the large joints), cannot exist, since other symptoms essential to con- 
stitute it are absent. The pain of hysteria too, besides being frequently 
transitory and unfixed in its seat, has generally the peculiarity of being 
aggravated by the slightest touch of the skin, which is not the case 
with pain arising from inflammation. With this external tenderness 
there is frequently great tenderness along the course of the spine, and 
this is frequently greater at one particular spot. 

Other symptoms of a decidedly hysterical or nervous nature will 
perhaps be present, or a true hysterical paroxysm may supervene, It 
is important to know that symptoms of almost every disease may be 
simulated by hysteria, which, though a troublesome affection for the 
sufferer, is unattended with danger, It is when real disease is present, 
and complicated with nervous or hysterical symptoms, that it requires 
the greatest acuteness of the physician to discern what proportion of 
the symptoms is of the latter kind, and what due to the more important 
affection. fj 

Hysteria sometimes assumes the form of different paralytic affections 
the power of moving the arm, or the voice, may be lost. These pheno- 
mena may be of considerable duration, but are ultimately, and often 
suddenly, recovered from. The state of long-continued stupor which 
has received the name of “trance” is most commonly hysterical, 
Different spasmodic affections, as hiccough and spasm of the throat, 

reventing swallowing, not unfrequently occur in the hysterical state. 
Then, again, certain disordered states of the senses and mental faculties 
and feelings occur, as the consequence of uterine or sexual irritation, 
and are to be referred to hysteria. Such are somnambulism, some 
kinds of transitory monomania, and those peculiar perversions of the 
mind manifested in the desire to feign various diseases. The occa- 
sional occurrence of hysterical paroxysms, the irritable state of mind, 
the knowledge that the mind been acted on in a way calcu- 
lated to excite the affections, and the presence of other phenomena 
decidedly hysterical, will assist in detecting the true nature of all these 
cases, 

There is certainly a peculiar state of the system which predisposes to 
the affections which we have thus cursorily described, for the causes 
by which they are excited have nothing peculiar in themselves, All 
the phenomena indicate a disordered state of the nervous system, and the 
exciting causes are such as act either through the medium of the body 
or the mind on that system. The susceptible state of the nervous 
system, which predisposes it when thus acted on to give rise to the 
various hysteric phenomena, is without doubt frequently connected 
with or kept up by an excited condition of the uterine system and the 
sexual feelings; with no system of organs and no feelings of the mind 
does the nervous system of females so much sympathise. This con- 
clusion is confirmed by the fact of hysteria occurring in a great 
proportion of cases between the age of puberty and that at which the 
catamenia cease, during which period the uterus is in a state of greater 
activity than before and after it; and by the circumstance of its being 
at the commencement and termination of that period, when the uterine 
organs are undergoing the greatest changes, and the feelings of the mind 
comnected with them are most disturbed, that the attacks of hysteria 
are most frequent and violent. It is from their supposed connection 
with particular states of the uterus that the attacks have derived their 
name, Other facts, however, show that a predisposed state of nervous 
system is necessary, for vascular excitement and structural disease of 
the uterus may exist without giving rise to hysteria; and that other 
functions, as those of the digestive organs, being disordered, may act 
on a susceptible person so as to aggravate the tendency to hysterical 
symptoms, or even excite them. In some females, having the requisite 
nervous susceptibility, a mere plethoric state of the body, without any 
affection of any special organ, will excite hysteria; the opposite state, 
deficiency of blood in the body, will have the same effect: anything, 
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if 
is a vowel which represents two very different sounds in different | usually called the tragic trimeter acatalectic, because it consists of 
T ges. iin country it daotan «rapid pronunciation of the three entire metres, or six feet :— 
ai. Italian, and tongues, its sound 
is ider ith that of the English ¢, in series of the vowels 1 2 3 4 5 6 
isk the experiments of Mr, Willis [ALPHaBeET], i, as aC Be" a a3 ie ria 
the sound, lies at. one of the two extremes, It is pro- eet ae Ban A a KS 
the lips retracted se as to shorten the yocal tu aot ; 
Ww same organs are protruded to produce the sound repre- Baie -ye 
ented at the other extremity by w. The yarious forms which have i es 
been the letter » may Lane pag The gnapst in proper names is also introduced in every of the 
a verse except the last with this ge riction,—that the anapast 
should be contained in one word. The comic trim nits the 
same feet as the tragic, and also a » and an 


1. With the diphthongs ai, oi, ei. This be seen most distinctly 
in the Latin where alais, Fiterdacs Arnley puerois, nulloius, 
deico, &e., were corrupted into alis, requtro, pueri, pueris, nulltus, dico, 
In the peel ay Aba one i was followed by another i, it was 
not uncommon them b a Sage Bene 2 ne CP 
alia (gen.), inscttia, for tibiicen, Ohsiue 4 , insciitia. In syeh cases 
te rea,” common practice to give greater length to the letter, thus, 

The short i was interchangeable with nearly all the short vowels, 
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recipero, maritimus, scribimus 
a y, though our 


or m is not unfrequently in French changed 

Th Gallic town Inculi: 

ne einer ek ecient tues to 

) same Janguage vowel ¢ is changed into oi yery com- 
soif ; mi, moi ; fides, foi ; Ligori, Loire, &e,, and this 


or Spanish words before the yowel 
$ ¢ t m the Latin mel, bene, venit. 
6, The vowel is often inserted after the vowels a, 0, and u in the 
1 particularly when a bemios get has taken place, as 
aimer, , reduire, from amare, cognoscere, reducere. 
7. When the'vowel # in the Latin has a vowel after it, and 
pp nwried by one of the consonants p, 5; t,d; ¢,g; the derived 
have often a sibilant in the place of the former consonant. 
rabies, rage ; ratio, raison ; medius, 
the Greek pecos). The double sound 
own language appears to have originated in this 
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@ succession of iambi (“~), 
Greek and Latin poets. 
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that our common cony fre- 
q falls into iambic verse, seldom into hexameter, and when 
sy esp a adh ' 
In the table » list is of the feet 
admitted in the santce in ths Gstek tote poole, wih & 
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lxrnplos w | erreuuévor, 

these casuras may be considered as generally necessary; the 
ura in the middle of the peg deny Apt eatin a Ag 
the fourth, There is also frequently a emsura in the 
second or the middle of the fifth foot. “When a line is 
middle of a verse with the elision of a short vowel, or of 
the little words 88, ué, o&, yé, 72, that division is called by prosodians 
the quasi-casura ; as, for example :— 


yuvait) rapPevors + | &xdBAerros pera. 
Foran aceount of the other iambie metres employed by the Greek 


Be 


and Latin , see Hermann, ‘ Elementa Doctrine Metriex,’ 
In Eaghuh postey the iambic metre is very common; as, for 
example :— , : 
“ On Lin’den, whe'n the su’n was lo'w, 
All bloo’dless la’y th’ untro’dden sno’w, 
And dar’k as win'ter wa’'s the flo'w,” &e. 
ICE. In several articles of the present division of this 


Eneyclopedia, reference has made to the article now commenced 
for an account of an i t fact among the properties of ice, which, 
from the investigation it has received at the hands of several of the 
most eminent ths men of science, has been elevated almost to the 
tion of a principle in physics. This is the y of REGELATION, 
which liquefied ice remaining in contact with ice still solid, returns 
itself to the solid state. . 
In the year 1850, Professor Faraday invited attention, in a scientific 
int of view, to the fact that two pieces of moist ice, when placed 
contact, will unite together, even when the surrounding temperature 
is such as to keep them in a thawing state. He showed experimentally 
that when two pieces of ice at 32° ., with moistened surfaces, were 
Jost in contact, they became cemented er by the freezing of 
he film of water between them. When the ice was below 32°, and 
therefore dry, no adhesion took place between the pieces; and he 
referred, in ion of this point, to the well-known experiment of 
ing a snowball. In frosty weather the dry particles of ice will 


. | scarcely cohere, but when the snow is in a thawing condition, it may 


be squeezed into A}. compact pt. He attributed waite to oolidity 
to a property w! € supposed ice to possess, of tending to solidi 
water in contact with it, and of tending more strongly to solidify a 
film or a cle of water, when the water has ice in contact with it 
on both sides, than when it has ice on only one side. 

To these Professor Tyndall afterwards added the following illus- 
trative facts. “ On one of the warmest of last July [1856], when 
the thermometer stood at upwards of 80° . in the le, and aboye 
100° in the sun, a pile of ice-blocks” being observed in a shop-window, 
the observer “thought it interesting to examine whether the pieces 
were united at their places of contact. Laying hold of the topmost 
block, the whole heap, consisting of sev large lumps, was lifted 
bodily out of its vessel. Even at 8 he pene the pieces 
were frozen together at the places of contact, thoug the ice all round 
these places had been melted away, leaving the lumps in some cases 


’ | united by slender cylinders of the substance. A similar experiment 


may be made in water as hot as the hands can bear; two pieces of 
ice will freeze together, and sometimes vontinue so frozen in the hot 
water until, as in the case above mentioned, the melting of the ice 
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around the points of contact leaves the pieces united by slender 
columns of the substance.” ‘ Phil. Trans.,’ 1857, p. 329. 

Mr. Faraday, in his more recently published ‘ Experimental Re- 
searches in Chemistry and Physics’ (being a a republication 
in a collective form of his papers on subjects onging to those 
sciences, first published in the ‘ Philosophical Transactions,’ and in 
several scientific journals), adheres to his original mode of accounting 
for the phenomenon he had observed, adopting the name Regelation, 
applied to it by Professor Tyndall. While alluding to certain views of 
Professor Forbes, which will presently be stated, as possibly being 
admissible as correct, and to an explanation offered by Professor James 
Thomson as being probably true in principle, and possibly having a 
correct bearing on the phenomena of regelation, he considers that the 
principle originally assumed by himself may after all be the sole cause 
of the effect. The principle he has in view, he then states as being, 
when more distinctly expressed, the following:—‘“In all uniform 
bodies, possessing cohesion, that is, being either in the liquid or the 
solid state, particles which are surrounded by other particles having 
the like state with themselves tend to preserve that state, even though 
subject to variations of temperature, either of elevation or depression, 
which if the particles were not so surrounded, would cause them 
instantly to change their condition.” Referring to water in illustra- 
tion, he says that it may be cooled many degrees below 32° Fahr., and 
still retain its liquid state; yet that if a piece of the same chemical 
substance—ice, at a higher temperature, be introduced, the cold water 
freezes and becomes warm. He points out that it is certainly not the 
change of temperature which causes the freezing, for the ice introduced 
is warmer than the water; and he says he assumes that it is the 
difference in the condition of cohesion existing on the different sides of 
the changing particles which sets*them free and causes the change. 
Exemplifying, in another direction, the principle he is propounding, 
he refers to the fact that water may be exalted to the temperature 
of 270° Fahr., at the ordinary pressure of the atmosphere, and yet 
remain water, but that the introduction of the est particle of 
air or steam will cause it to explode, and at the same time to fall 
in temperature. He further alludes to numerous other substances, 
such as aceti¢ acid, sulphur, phosphorus, alcohol, sulphuric acid, 
ether, and camphine, which manifest like phenomena at their freezing 
or boiling points to those referred to as occurring with the sub- 
stance of water, ice, and steam; and he adverts to the observed 
fact, that the contact of extraneous substances with the particles of a 
fluid usually sets these particles free to change their state, in conse- 
quence, he says, of the cohesion between them and the fluid being 
imperfect; and he instances that glass will permit water to boil in 
contact with it at 212° Fahr., or by preparation can be made so that 
water will remain in contact with it at 270° Fahr., without going off 
into steam, but that an ordinary piece of glass will set the water off 
at once to freeze, 

Professor Faraday afterwards comes to a point in his reasoi 
which he admits may be considered as an assumption. It is, “ that 
many particles in a given state exert a greater sum of their peculiar 
cohesive force upon a given particle of the like substance in another 
state than few can do; and that as a consequence a water particle 
with ice on one side and water on the other, is not so apt to become 
solid as with ice on both sides; also that a particle of ice at the 
surface of a mass [of ice] in water is not so apt to remain ice as when, 
being within the mass, there is ice on all sides, temperature remaining 
the same.” 

“ This supposition,” Professor James Thomson observes, “ evidently 
contains two very distinct hypotheses. The former, which has to do 
with ice and water present together, I certainly do regard as an 
assumption unsupported by any of the phenomena which Mr. Faraday 
has adduced. The other, which has to do with a particle of ice in the 
middle of continuous ice, and which assumes that it will not so readil. 
change to water, as another particle of ice in contact with water, 
think is to be accepted as probably true. I think the general bearing 
of all the phenomena he has adduced, is to show that the particles of 
a substance when existing all in one state only, and in continuous con- 
tact with one another, or in contact only under special circumstances 
with other substances, experience a difficulty of making a beginning of 
their change of state, whether from liquid to solid, or from liquid to 
gaseous, or probably also from solid to liquid; but I do not think 
anything has been adduced showing a like difficulty as to their under- 
going a change of state when the substance is present in the two states 
ope g or when a beginning of the change already been made. 
I think that when water and ice are present together, their freedom to 
change their state on the slightest addition or abstraction of heat, or 
the slightest change of pressure, is perfect. I therefore cannot admit 
the validity of Mr, Faraday’s mode of accounting for the phenomena 
of regelation.” 

The view of the subject involved in the statement of Professors 
Faraday and Tyndall, given above (before the former had enunciated 
his own views in the more extended form), was adopted by the latter 
physicist as the basis of a theory by which he proposed to explain the 
viscosity or plasticity of ice previously known to be the quality in 
glaciers [Gractens, in Nat. Hist. Dry.], in virtue of which their 
motion down their valleys is produced by gravitation; but which he 
described as being not true viscosity, but, in brief, as the result of 


- 


being 

given to the fact, the scientific importance of which had been originally 

inted out by Faraday.* Professor James Thomson, Queen's College, 

lfast, whose first expreas contribution to the subject we now have to 
record, conceiving Professor Tyndall's theory of the viscosity yim 
ice to be wrong, made public a theory of his own involving a di it 
view of the nature of the phenomenon of regelation. This, as sketched 
in outline by himself, is as follows payed see ational oe 
point, pressures tending to change its form ied, there wi a 
continual succession of pressures applied to partial parts—liquefac- 
tion occurring in those parts through the lowering of the melting- 


point b ure—(experimentally demonstrated in 1850 rites | 
Willian, Rien: of Gheagoe; his brother)—evolution "% the cold © 


by which the so melted portions had been held in the frozen state,— 
dispersion of the water so produced in such directions as will afford 
relief to the pressure,—and recongelation, by the cold previously 
rhe the Mpa bagel relieved ppd ig ecrnp ; and the 
cycle of operations wi en begin again ; parts recongealed, 
after having been melted, must in their turn, through the yielding 
of other , Teceive pressures from the applied forces, thereby to 
be again liquefied and to proceed through successive operations as 


before.t 

Professor James D. Forbes ad the view of Persoz, that the disso- 
lution of ice is a gradual, nota , process, and so far resembles the 
tardy liquefaction of fatty bodies, or of the metals, which in melting 
pass through intermediate of softness or viscosity. He thinks 
that ice must essentially be colder than water in contact with it; that 
between the ice and the water there is a film Varying in local tempe- 


rature from side to side, which may be called plastic ice, or viscid — 
water; and that through this film heat must be reaped er 


from the water to the ice, and the ice must be wasting away, 

the water be what is called ice-cold. On this, Professor J. Thomson 
thus comments :—“ There is a manifest difficulty in conceiving the 
possibility of the state of things here described; and I cannot. 
thinking that Professor Forbes has been himself in some degree ] 
of the difficulty ; for in a note of later date by a few months than the 
paper itself [in which the view had been given], he amends the expres- 
sion of his idea by a statement to the effect that, if a small quantity of 
water be incl in a cavity in ice, it will undergo a gradual regela- 
tion[$],—that is, that the ice will in this case be y increased 
i of wasted.” In reference to the first case, Professor J. Thomson 
asks, “ What becomes of the cold of the ice, supposing there to be no 


communication with external objects, by which heat might be added to 


or taken from the water and ice jointly considered? Does it go into the 
water and produce viscidity beyond the limit of the assumed thin film 
of viscid water at the surface of the ice? Proviely s oocreepearae 
question may be put relatively to the second case,—that of the la 

quantity of ice inclosing a small quantity of water, in which { 

reverse process is assumed to occur. Next, let an intermediate case be 
considered, that of a medium quantity of ice, and in which no heat 
nor cold, practically s ing, is communicated to the water or the ice 
from surrounding objects. This, it is to be observed, is no mere theo- 
retical case, but a perfectly feasible one. The result, evidently, if the 
previously described theories be correct, ought to be that the mixture 
of ice and water ought to pass into the state of uniform viscidity. 
Professor Forbes’ own words distinctly deny the permanence of the 
water and ice in contact in their two separate states; for he says, 
‘Bodies of different temperaturés cannot continue so without inter- 
action. The water must give off heat to the ice; but it spends it in 


* The terms fracture and regelation, Professor J. Thomson remarks, then 
came to be the brief expression of Professor Tyndall’s idea of the plasticity of 
ice, But the former, whose views we are about to give in the text, observes 
on the nomenclature of the process, ‘I suppose the term regelation has. been 
given by Professor Tyndall as denoting the second, or mending stage in his 
theory of * fracture and regelation.’ Congelation would seem to me the more 
proper word to use after fracture, as rege/ation implies previous melting. If 
my theory of melting by pressure and freezing again by relief of pressure be 
admitted, then the term regelation will come to be quite suitable for a part of 
the process of the union of the two pieces of ice, though not for the whole, 
which then ought to be designated as the process of melting and regelation,” 
* Proceedings of the Royal Society’ (vol, x.) for Nov. 24, 1859, p. 154, note, 
It may be remarked on this, however, that while the latter phrase may be 
required in discussing the ph sna of glaciers, as the word itself 
implies that a previous frozen state has existed, it would appear to be sufficient 
in designating simply the physical process to which it was originally applied. _ 

+ In explanation of the simplest case of regelation, Professor J. Thomson 
expressed himself in the following manner in a communication to the British 
Association, in 1857;—‘The two pieces of ice (at 32°) on being pressed 
together at the point of contact, will, at that place, in virtue of the pressure, be 
in part liquefied and reduced in perature, and the cold evolved in their 
liquefaction will cause some of the liquid film intervening between the two 
masses to freeze.” 

+ Sir J. F. W. Herschel, when he terms regelation “‘a sort of welding” 
(Hart), appears to concur with this view. 

(§ Tois use of the term regelation we conceive to be at once inaccurate, and 
tending to ambiguity. The water in this case need not have been frozen before ; 
and to call its solidification, by the effect of the contiguous ice, regelation, is 


erroneously to extend the application of that term to all cases in which water, 
| however originally resulting, is frozen by the contact of ice.] Ag p 
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antity of viscid water could be produ 
is, I am satisfied, quite contrary to all experience. 
any peculiar application of heat to, or with- 

4 soy of water, rendered it visibly and 
We even know water may be cooled much below 
the ordi freezing point and yet remain fluid.” 

Professor Forbes regards Mr. Faraday’s fact of regelation as being 
one which receives its proper explanation through his theory described 
in confirmation of the supposition that ice has a tendency 
to solidity ap te nic pen rca ion to the 
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trickling away—exists under a pressure which, though i 
above downwards, is everywhere, except at that little space at bottom, 
less pressure. Hence the two slabs are urged 
the excess of the external ic pressure 
above the internal water pressure, and are thus pressed against one 
eer nes reene, Comers UF 8 Lone quite notable in its amount. 
If, for instance, between the two there be a film of water of such 


its upper and lower edges horizontal, and with water trickling from its 
lower edge, it is easy to show that the slabs will be pressed together b 
force equal to the weight of half a cubic inch of water. But so 
pe inly ve Piper pra hes if ae ra ruees £6 Sia ie 
were very im ly to one . If, agai better 
iia Whas lve prodadel of soa alte andl foust to soar be roprenented 
by a square film with its sides 4 inches each, the slabs urged 
together by a force equal to the weight of half a cube of water, of 
which the side is 4 inches; that is, the weight of 32 cubic inches 
water, : is 

as 
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which is a very considerable force. Secondly, 

the film of water existing, as it does, under less than atmospheric 
aegis cy ing-point raised in virtue of the reduced 

uch more, he adds, will it freeze in virtue of cold given out in the 

melting by pressure of the ice at the points of contact, where, from the 

two causes stated above, the two slabs are urged against one 


different explanations and interpretations which have been enun- 
of the facts of regelation have been stated in this article ly 
in the words of their authors, and partly in those of Professor James 
Thomson, by whom the subject has been most recently treated. 


to some ,of the original memoirs will be found in his 
paper in the ‘ Proceedings of the Royal Society’ (vol. x.), for Nov. 24, 
ae pp. 152-160; and others will be indicated in the sequel of this 


t is manifest that the subject of regelation is one of great import- 
ance in physics and in the history of nature, being connected with that 
of the mutual relations of the different states of ion in which 
the same species of ponderable matter—the same su , chemically 

: -—can exist, and also with those“ hidden and unseen motions,” 
to use the language of Boyle, by which the molecular condition of 
such matter is perpetually changing. Some bodies, the equilibrium 
of the proximate elements of which is very unstable, present, in the 
solid state, ena, seemingly at least, analogous to those ited 
by water, and others in their alternation between the liquid and the 
solid states. Of these, glass is an example, and the now well-known 
fact of the incorporation into one mass of two or more plates of (plate-) 
glaas, the polished surfaces of which have been placed in close contact 
with each other, a curious parallel to the incorporation into 
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one of several slabs or other separate portions of ice by regelation, as 
taking place in the experiments described in this article, and to deter- 
mine in what manner these two subjects are related to each other 
would appear to deserve careful investigation. The principal facts, so 
far as is concerned, with the bearings on molecular philosophy 
they appeared to possess before the phenomena of regelation had been 
scientifically considered, will be found in the abstracts of two lectures 
on that substance delivered by Mr. Brayley before the Pharmaceutical 
Society of London in 1845, published in the ‘ Pharmaceutical Journal’ 
(vol. v.) for August and October of that year. 

In a paper on the Physical Properties of Ice, Professor Tyndall has 
shown that when a sun! traverses a mass of ice, the latter melts 
at innumerable points in the track of the beam, and that each portion 
melted assumes the form, not of a globule, but of a flower of six 
petals. The planes in which these flowers are formed are independent 
of the shape of the mass, and of the direction of the beam through it; 


by | they are always formed parallel to the surface of freezing. This, he 


observes is a natural consequence of the manner in which the particles 
of ice are set together by the crystallizing force. By the slow abstrac- 
tion of heat from water in the process of freezing, its particles build 
themselves into these little stars, and by the introduction of heat 
into a mass so built, the architecture is en down in a reverse order. 
In watching the formation of artificial ice, by the machine of Mr. 
Harrison (noticed under Freeztnc-Aprparatus), Professor Tyndall 
has seen little solid stars formed, which were the exact counterparts of 
the little liquid stars formed by melting. ‘Phil. Trans.’ 1858, pp. 
211-227; Ib. 1859, pp. 298,299. Appended to the former paper is a 
letter from Professor Faraday on the irregular fusibility of ice. 


Another important part of the history of ice is its production on the 
bed of rivers, when it receives the name of -ice, Bottom-ice, 
and 3 the Glace-du-fond of the French, and the Grund-eis 
of the Germans. It is generally imagined that rivers freeze only at 
the surface ; this however is not the fact, ice being frequently formed 
at the bottom of running water. Thus, according to the late Rev. 
Dr. Farquharson, F.R.S,, the phenomenon is so common, and so well 
known in certain parts of Aberdeenshire, that the inhabitants have 
given it the name of Ground-gru, a name which that gentleman has 
ado, in his paper on the subject in the ‘Philosophical Transactions’ 
for 1835, p. 329. Gru is the name by which the people of Aberdeenshire 
designate snow saturated with or swimming in water; and as the ice 
formed at the bottom of rivers very nearly resembles that in appearance, 
a better name than Ground. could hardly be given, though it would 
be more precise to call it subaqueous ice, in contradistinction to that 
found at the surface, and because the term ground-ice, which this 
formation has also received, has been sometimes given to the ice 
occasionally met with at certain depths in the ground in northern 
countries, 

Common, however, as may be the phenomenon of subaqueous 
ice, and although it has been noticed at various times, it has but 
lately attracted the serious attention of observers. Ireland, in his 
* Picturesque Views of the River Thames,’ published in 1792, 2 vols. 
8vo., mentions the ground-ice of that river, and on the subject quotes 
Dr. Plott, who says, ‘The watermen frequently meet the ice-meers, or 
cakes of ice, in their rise, and sometimes in the underside enclosing 
stones and gravel brought up by them ab imo.” 

M. Arago published an interesting paper on the subject in the 
‘ Annuaire du Bureau des Longitudes’ for 1833, in which he mentions 
the following observations made on und-ice :—In the Thames, by 
Hales, in 1730; in the river Déome, p beara of Ardéche, France, 
by Desmarets, in 1780; in the Elbe, by M. Braun, in 1788; in the 

eine, Herefordshire, by Mr. T, A. Knight, in 1816; in the Canal de la 
Birze, near Bale, by M. Mérian, in 1823; in the Aar, at Soleure, by 
M. Hugi, in 1827 and 1829; in the Rhine, at Strasburg, by Professor 
Fargeau, in 1829; and in the Seine, by M. Duhamel, in 1830. More 
lately still, Colonel Jackson, in a paper on the congelation of the 
Neva, published in the 5th volume of the ‘ Journal of the Royal Geo- 
graphical Society,’ mentions the formation of ground-gru at the bottom 
of that river; and in the 6th yolume of the same journal there is a paper 
expressly on the ice formed at the bottom of the Siberian rivers. The 
Rey. Mr. Eisdale has, in the ‘Edinburgh New Philosophical Journal,’ 
vol. xvii., p. 167, a paper on ground-ice ; and, finally, Dr. Farquharson, 
as already mentioned, published his observations on the ground-gru of 
the rivers Don and Leochal, in Aberdeenshire. 

Almost all who have written on ground-gru have endeavoured to © 
account for its formation, though no explanation yet given is perfectly 
satisfactory. Dr. Farquharson, whose paper contains an original 
investigation of the subject, says it is the result of radiation, and 
endeavours to substantiate his reasoning upon the principles of the 
formation of dew. It was remarked in this article, as originally pub- 
lished, that he seems to forget that Dr. Wells maintains expressly that 
wind and shade.are alike obstacles to radiation ; and that consequently 
a body of moving water so deep as to be impervious to light, and par- 
ticularly when covered, as in the case of the Neva, with a sheet of ice 
three feet thick, and as much more of snow, must present an insur- 
mountable obstacle to the radiation of heat from the bottom of the 
river. This objection, however, is unsound, and is removed, as in 
many other instances of the supposed insufficiency of the renaiple of 
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radiation to account for depression of temperature, by an adequate 
consideration of the entire series of the phenomena concerned, It is 
true that the thick sheet of ioe and its covering of snow will present 
an obstacle to the direct radiation of heat into space from the bed of 
the river, though they themselves will have such radiation above. But 
the bed of the river, at a comparatively high temperature, will suffer 
refrigeration by the radiation of its heat to the ice on the surface of 
the river, and may thus (and if there be time enough must necessarily 
thus) be cooled eventually to the freezing point, and so effect the 
formation of the ground-ice. A familiar and readily intelligible illus- 
tration of this will be found in an observation of Dr. Joseph D, Hooker, 
which occurs in the invaluable collection of physical facts Dene by 
his ‘ Himalayan Journals,’ and already cited in the article Dew, When 
in the narrow valleys of East Nepal, in the month of November, and 
at the elevation of 8000 feet, the nights were so brilliant, and the 
radiation from the earth and bodies upon it consequently so powerful, 
that the upper blanket of his bed became coated with dew, from the 
rapid abstraction of heat by its radiation to the tarpaulin of his tent, 
itself frozen by its own radiation to the sky. The direct radiation of 
the blanket to the sky was prevented by the tarpaulin, but this did 
not prevent the conversion of the aqueous vapour in contact with the 
blanket into dew. In this case, the frozen tarpaulin corresponded in 
its action to the surface-ice of the river, the blanket to the river-bed, 
and the dew upon it to the ground-ice. Had the exposure been longer 
continued, or the temperature of the whole system of radiating bodies 
been lower, hoar-frost instead of dew would have been formed, and the 
parallel would then have been perfect,—according to Dr, Farquharson's 
view of the origin of ground-ice. 

Mr. Eisdale thinks ground-ice is the result of frozen spicule from 
the atmosphere, analogous to hoar-frost, falling into the river, and 
there forming nuclei, around which the water freezes at the bottom; 
but this is quite inadmissible. M. Arago’s explanation in part, and 
the very simple fact that water, when at 32° of Fahr., if at rest, or 
in very slow motion (which is the case at the bottom of rivers), will 
freeze, seem among the most natural ways of accounting for the 
formation of ground-gru. M. Arago attributes the formation to three 
cireumstances—lst, the inversion, by the motion of the current, of the 
hydrostatic order, by which the water at the surface cooled by the 
colder air, and which at all points of the temperature of water under 
89° Fahr. would, in still water, continue to float on the surface, is 
mixed with the warmer water.below; and thus the whole body of 
water to the bottom is cooled alike by a mechanical action of the 
stream; 2nd, the aptitude to the formation of crystals of ice on the 
stones and asperities of the bottom in the water wholly cooled to 82°, 
similar to the readiness with which crystals form on pointed and rough 
bodies in a saturated saline solution ; 3rd, the existence of a less impe- 
diment to the formation of crystals in the slower motion of the water 
at the bottom than in the more rapid one near or at the surface. 
But, as has been said, no explanation yet given is quite satisfactory, 
and the phenomenon yet remains to be studied under all the variety of 
circumstances which may attend it. A knowledge of the temperature 
of the water at different depths is most essential to a just appreciation 
of the real cause of the phenomenon. 

Ground-gru differs materially from surface-ice. Dr. Farquharson 
describes it as having “the aspect of the aggregated masses of snow, 
as they are seen floating in rivers during a heavy snow-shower ; ‘but on 
taking it out of the water, it is found to be of a much firmer con- 
sistence than these: it is a cavernous mass of various sized, but all 
small, pieces or crystals of ice, adhering together in an apparently 
irregular manner by their sides, or angles, or points, promiscuously ; 
the adhesion varies according to circumstances.” This corresponds 

isely with what is stated by Col. Jackson to have been observed 
ty him in the Neva at St. Petersburg. Dr. Farquharson says, that 
when it begins to form at the bottom, it sapregates in forms somewhat 
resembling little hearts of cauliflower. Mr, Weitz, author of the paper 
in the ‘ Journal of the G phical Society’ on the ground-gru of the 
Siberian rivers, says that which he noticed at the bottom of the Kann 
(an affluent of the Jeniasel), 40 versts from Krasnojarsk, was of a 
reenich tinge, and resembled patches of the confervoidea. From these 
facts we conclude that though the appearances of the ground-gru may 
vary with circumstances, it is in all cases essentially different from the 
solid compact sheets of surface-ice. 
Dew; Freezino; Haw; Hoan-Frost; Metrornotocy; Snow; 
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ICE-HOUSES AND ICE-TRADE, Considering ice as an article 
of commerce, one of the most important pointa connected with it is 
the adoption of means for preventing the substance from melting awa: 
in hot weather. Ice-houses are expressly constructed to thia end. 
Buch structures are not only useful for preserving ice which is to be 
applied to the cooling of liquors, or to the preparation of articles of 
confectionary, but also as affording the most ready if not the most 
effectual means known for keeping meat, fish, game, vegetables, and 
fruit sweet and fresh in hot weather. Although these important con- 
veniences are rarely to be found among the buildings of an English 
farm, they are frequent in those of North America, and might be 
advantageously introduced in this country, especially upon such farms 
a8 are connected with inns. 


One of the simplest modes of ice consists in feito 
it in a great quantity of straw, the surface of the 13 
such a position that moisture, which is even more injurious than heat, 
may drain off freely. For this purpose the ground should be raised in 
the form of a flattened cone, upon which s be laid a stratum of 
faggots, Straw is laid upon the faggots to the thickness of a foot or 
more, and the ice is piled upon it in a compact conical mass, the larger 
the better. Over the ice is laid first about a foot thickness of straw; 
then wood to a further thickness of two feet, the interstices of 
which have the effect of keeping a stratum of confined air round about the 
Mia cundeegregad tec bouss hnay Be stiaply sarge cole, Wy a 
n und ice-house ma: simply a large 3 Ww 

or double walls, floor, roof, and doors, af furnished with a trapped 
drain to allow the escape of such water as send be produced by a 4 
thaw, without admitting any air. Such ice-houses are usually formed 
im the shape of an inverted cone, which is considered the most advan- 
be ay because it keeps the ice more compactly together than any 
other form, and because, in case of any thaw taking place, the remain- 
ing ice will naturally slip down, so as to keep the mass solid. In all 
cases it is well to interpose u layer of straw, reeds, or chaff (the last 
named is preferred to straw in Italy, where it is used for packing ice 
for travelling) between the walls and the ice; and by the use of faggots 
as well as straw any perfectly dry cellar in a suitable situation rn 4 be 
used as an ice-house. In some situations a sufficient degree of hollow- 
ness in the walls may be produced by the adoption of the plan of 
building with bricks on edge, or some similar contrivance. One 
mode of building hollow walls which may be thus applied consists in 
the use of half-bricks divided longitudinally, as stretchers, leaving a 
space equal to the full width of a brick between them, Hollow floors for 
ice-houses may be constructed in various ways, with bricks on edge and 
tiles or flags. Whatever be the construction of the ice-house i 
there should be no opening by which it can communicate with tl 
external air excepting through the pre ih omn oe which is usually 
at least two or three yards long, and two, three, four, or 
more doors, of which not more than one must be opened at a time. 
Where the difficulty of excluding external temperature is yery great, 
treble walls, roofs, and floors may be used; and the entrance-passage 
may be made crooked, with a door at every turn. ; ‘ 

udon gives a ground-plan and section of a complete ice-honse of 
approved construction, of the inverted conical shape, with an 
roof, which it is proposed to cover with two or three feet of earth, or 
more in hot climates, over which he suggests the propriety of training 


ivy, for the sake of excluding solar heat. In this design a small pump 
is shown communicating with a well in the drain of the ice-house, for f 
the purpose of raising the thaw-water for drinking or other use. Ure 


describes. a similar structure, but with solid walls and a conical roof of 
timber, which may be simply thatched, or covered with brickwork and 
thatched, and which should. have a gutter round it to collect and con- 
duct to a distance all rain that falls upon it. In Gordon’s plan the 
excavation is made considerably larger than the ice-house, which con- 
sists of a framework of strong timbers, roughly boarded outside, and 
lined with straw set on end and confined b ih nailed to the timbers, 
The conical roof is thatched with straw or be: ,and begs, on between 
the outer boarding and the surface of the excavation is filled with heath, 
brushwood, or fir-tops, and neatly thatched or turfed over. In some 
situations simple excavations in calcareous soils, with a long circuitous 
passage by way of approach, are used instead of more regular ice- 
ouses, 

In filling an ice-house, the ice should be broken with mallets to a 
coarse powder, and well rammed down as it is thrown into the ice- 
well; its upper surface bei eo of a concave shape, and a little 
water being occasionally added to fill up all interstices, and to facilitate 
the congelation of the whole into a solid mass, A better method is 
to sprinkle the ice with water saturated with salt, at the rate of a 
pound of salt to a gallon of water. This salt and water be 
applied by a common watering-pot upon the surface of the at 
intervals of two feet from bottom to top of thé mass, an extra quantity 
being poured on when the filling is completed. By this means the ice 
becomes so firmly 5 eo rp as to need the force of a pickaxe to break 
it up, even in the heat of summer. Snow is occasionally preserved in 
a similar manner to ice, it being carefully com into a solid 
mass. In Portugal and some other countries, when the snow has been 
collected in a deep gulf, some grass or green sods, covered with dung 
from the sheep-pens, is thrown over it; and under this ing the 
snow is so well preserved that it may be taken up and transported to a 
considerable distance throughout the summer. pe 4 

An ice-box, or sort of portable ice-house, is occasionally used. It 
consists of an inner and outer , six inches pack Pe e interval 
between which is filled with burnt cork reduced to powder, this bein 


found to possess higher non-conducting properties than the charcoal o 


wood, e lid is double, and is filled with the same substance; and 
it is made perfectly air-tight by means of projecting ledges, which 
when shut, dip into a gutter filled with water. Ice may be p 


for several weeks in such a box, in which also bottles, dishes, &c., 
be placed. Similar to this contrivance is the American ice-safe, intro- 
duced a few years ayo into this country. 

The French, in 1859, constructed an extensive range of ice-houses 
in the Bois de Boulogne, between the Auteuil railway and the fortifi- 
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cations of Paris. During the hard frost of December in that year, 250 
carts were employed for 10 days in conveying ice to these buildings. 

A remarkable traffic has sprung up in America, namely, the transport 
of ice to various parts of the world. In the East Indies the artificial 
formation of ice has been long carried on, as the only means of cooling 
and food. The ground near Hoogly, about 40 miles from 
Calcutta, is formed into shallow troughs; into these troughs, on a 
layer of straw, are placed pans of earthenware. Shortly before 
the winter months, and when the wind happens to be 
the north-west, a little water is poured into each vessel 
or pan; all the circumstances are favourable, a film of ice is 
found in each pan on the following morning, which ice is collected and 
stored with the utmost care. The selling price of this ice at Calcutta 
und; but the Calcutta inhabitants 


laden entirely with ice, which was offered for sale at three-pence per 
pound, and was understood to yield a good profit, even after paying all 
of a long voyage. Since then the price has been much 
and has become a regular article of shipment from 
The idea of this trade had occurred to a Boston merchant, 
Mr. Tudor, twenty years earlier; but it was only by much patience 
<2 rae caapseptiecne overcame the various difficulties. 

trade is now chiefly in the hands of the Wenham Lake Com- 
This company purchased a lake of pure water, and the 
at Wenham, about eighteen miles from Boston; 


the ice is removed from the lake, in solid blocks weighing from one to 
two ewts. each, They take two acres of lake surface into operation at 
one time; this will yield, at the average thickness, about two thousand 
of ice ; and forty men, assisted by twelve horses, will cut and stow 
hundred tons of this in a day. The company’s store-house, near 
, is built of wood, and has double walls two feet apart : the 
space being filled with sawdust; twenty thousand tons of 
stored in this building at one time. The company convey the 
on their own railway, and thence transmit it to various 
world. Large store-houses have been forined in many 
the United States, as well as in London and Liverpool. So 
establishments now engaged in this trade, and so im- 
t become, that the ice-farms of the states of Massachusetts 
ork are reputed to be equal in commercial value to the rice 
Georgia. Boston is the great storehouse, containing sometimes 
as 300,000 tons of ice in store at once. About 10,000 
altogether are supposed to be concerned in and with the ice-trade of 
America, and about 6,000,000 dollars of invested capital. 
a steamboat 
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ICELAND MOSS, botanically Cetraria Islandica: Medical Pro- 
perties of —This lichen, commonly termed Iceland moss, though native 
of the higher mountains of the northern part of Britain, is procured 
mostly from Norway and Iceland, on the lava of the west coast of 
which latter country it abounds and attains a large size. It is imported 

. through Hamburg. “The thallus is erect, tufted, olive-brown, paler 
on one side, laciniated, channelled, and dentato-ciliate ; the fertile 
lacinia very broad; apothecia brown, appressed, flat, with an elevated 

.” (Hooker.) The Pe ae are rarely developed on the 
thallus in Britain, save on mountains of -na-bord in Aberdeen- 
shire, and the imported specimens rarely have them, probably from 
ing gathered in a young state; for lichen is too important an 
article of food in northern countries to be allowed to grow to matu- 

When y~ Ah has scarcely any odour, and the taste is bitter and 


leasant. or flour is of a whitish ( 
of tht ives as its conslibeigithis catagch matter of 


analysis 

a peculiar kind (lichenin), 44°6; bitter principle (cetrarin), 3-0; un- 

ble sugar, 86; chlorophylle, 1°6; extractive matter, 7:0; 
‘7; bitartrate of potass, and tartrate of lime, along with phos- 
teow 19 5 oe ae fibrin, 36°2; and inulin. 

itter principle, or cetrarin, may be separated by digesting the 
in cold water containi 116th of carbonate be (some 
1-300th to be sufficient) for twenty-four hours. whole is 
thrown upon a sieve, and the liquid drained off. This liquid, 
evaporated, yields a whitish principle, extremely bitter, very 
in recent when roiling, and ether; ly 80 
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ness is removed. (Pereira.) When this is removed, the starchy 
matter differs little from wheat-flour in nutritive properties, though 
Olasson asserts that a soup prepared with it is twice as nutritious as 
one made with flour. (S , ‘ Voyage,’ iii. p, 129, note.) Certain 
it is that the inhabitants of Norway, Lapland, and above all, of Iceland, 
use it extensively as an alimentary substance, the latter regarding it as 
the gift of “ a bountiful Providence, which sends them bread out of the 
very stones.” Dr. Henderson (‘ Tour in Iceland’) says that a porridge 


_made of this lichen-flour is to a foreigner not only the most wholesome, 


but the most palatable, of all the articles of Icelandic diet. It is sub- 
mitted to no other preparation than repeated steepings in cold water, 
drying, and powdering; after which it is either made into cakes or 
boiled in milk. Unless it be steeped, it is both offensively bitter, and 
also to many persons purgative; hence it has been called lichen cathar- 
ticus, (Borrichius, ‘ Act. Hafnien.,’ 1671, p. 126.) But cattle turned 
out to browse on it in spring, though at first purged, ultimately become 
fat. (Boerhaave.) Owing to its intensely bitter taste, as it had not 
been previously steeped, Sir John Franklin, even when pressed by 
hunger, could not use it, though the tripe de roche suited well. (‘ First 
Journey to Shores of Polar Sea,’ 4to., p. 413, 414.) 

The excellence of Iceland moss depends upon its freshness and 
freedom from accidental impurities, which should be carefully rernoved 
before it is used. In its natural state, that is, while still containing the 
bitter principle, it is tonic, stomachic, febrifuge, demulcent, and nutri- 
tious. It has acquired a high reputation, not merely as an article of 
diet, but as a medicinal agent in consumption and chronic diarrheas, 
and dysenteries devoid of inflammatory states of the intestines: To 
obtain benefit from it, the use of it must be persisted in fora long time. 
This constitutes at once a difficulty in the employment of it, and casts 
a doubt on the exact nature of the cases in which it is said to have 
proved serviceable. The unpleasantness of the bitter it contains ren- 
ders it unpalatable to most persons, and also its heating qualities unfit 
it for those who have either much general fever, or a state of sub-acute 
inflammation of the stomach, a very frequent condition in genuine 
phthisis pulmonalis. Hence there is every reason for suspecting that 
in the instances where it has been used for a long time and proved 
beneficial, the disease was chronic bronchitis, in which bitters and 
demulcents are extremely useful. To diaguise the disagreeable flavour 
many expedients have been had recourse to, such as uniting it with 
chocolate our cocoa, and flavouring it with orauge-flower water, &. (A 
full account 6f these may be found in Hufeland’s ‘ Journal,’ August, 
1824, p. 126, from the pen of Dr. Oppert. Many formule may be 
found in Geiger, ‘ Pharmacopoeia Universalis.’) The only officinal form 
in Britain is the decoction, which is frequently made the vehicle of 
medicinal agents. Cetrarin has been given in a separate form as a 

dJaneum for cinchona bark, and, like many other very bitter articles, 
is of considerable efficiency in agues. Many substitutes for Iceland 
moss have been proposed; one of the best of which is the Carrageen or 
Trish moss (Fucus crispus). This, when the brackish taste is lessened 
by repeated steepings in cold water, forms an excellent jelly; much 
relished by consumptive patients, and much cheaper than any other. 
The Sticta pulmonacea, or lung-wort, is of unquestionable efficacy in 
some cases of asthma. But none are so palatable as the Ceylon moss 
(Fucus amylaceus). This can be procured not only from Ceylon, but 
abundantly from the east coast of Bengal. In the form of jelly, soup, 
lozenges, or other mode of preparation, it not only agrees better, but is 
more relished than any jelly, either animal or vegetable. It is to be 
hoped that it will become a regular article of commerce, 

All the Iceland moss imported into Britain is not used for medicinal 
purposes; much is employed in baking ship-biscuits, as those into 
the composition of which it enters are said not to be attacked by 
worms, or suffer much from sea-water. In Saxony, in time of scarcity, 
it is advantageously added to wheaten flour. In some countries it is 
employed in brewings. 

CHNOGRAPHY (from tyvos and ypadn), a representation of the 
groundwork of a building. The ichnography of a building is, in fact, 
what is more commonly called the plan, or ground-plan: as the ortho- 
graphy is the elevation. 

CHTHIN. An albuminous principle extracted from the yolk of 
the eggs of cartilaginous fishes, such as the ray fish. It the 
appearance of white transparent soft grains, insoluble in alcohol, water, 


and ether. Hydrochloric acid dissolves it without violet coloration, 
which distinguishes ichthin from albumen. It contains :— 

0 ey eer ae ee + 50°9 

Hydrogen 4 , ‘ e e pean ti 

Nitrogen , r . 5 Ps 5 « 147 

Phosphorus (?) . ’ ‘ . ... a 


ICHTHIDIN, ([Icurnvxt.] 

ICHTHULIN. Analbuminoid substance found along with ichthidin 
in the roe of certain species of fish. It is precipitated by the addition 
of water to the expressed fluid of the roe. Ichthulin when first pre- 
cipitated is viscous like gluten, but it afterwards becomes pulverulent. 
It contains ;— 


Carbon . . . ‘ . ‘ « 62°5 
Bydrogen (a fis Get a> ine cae, #0 
Nitrogen . Bes the ‘ ’ . « 162 
Sulphur . . . . . nr) 10 
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ICICANE. [Restys.] clear and succinct account. “The philosophy schools teach that for — 
ICONOGRAPHY (from exay and ypapy), a description of images | the cause of vision the thing seen sendeth on every side a visible 

and their attributes, The term iconography jes generally to | species, (in English) a visible show, apparition, or aspect, or a being 


descriptions of the figures represented in ancient sculpture and painting, 
but it is frequently restricted to descriptions of the images which are 
found in monuments of mediwval art. In this sense iconography, or, 
as it is more y designated, Christian iconography, explains and 
illustrates, by means of written descriptions and pictorial representa- 
tions, the images, whether historical, ee allegorical, or sym- 
bolical, of the three persons of the Trinity, the Virgin Mary, saints, 
angels, demons, animals, and natural objects, which are found repre- 
sented in the churches, church furniture, carvings, pictures, stained- 
glass windows, funeral m ts, luminated ma: ipts, &c., from 
the earliest period of Christian art downwards to the 16th century. 
Works like E. Q. Visconti’s ‘ L’Iconographie ancienne; ou recueil des 
its authentiques des empereurs, rois et hommes illustres de 
antiquite,’ 3 vols. folio, Par. 1808-26; Montfaucon’s ‘ L’Antiquité 
Expliquée et Representée en Figures,’ and Miiller’s ‘ Denkmiiler der 
Alten Kunst,’ may be quoted as illustrations of the iconography of 
Greek and Roman art; whilst as examples of Christian poetry we 
may cite M. Didron’s ‘Iconographie Chretienne' (vol. i., 4to., 1843), 
which forms a volume of the ‘Collections inédits sur I'Histoire de 
France,’ and of which an English translation has 
‘Tilustrated Library;’ the iconographic portion of De Caumont’s 
‘Cours d'Antiquités Monumentales,’ Guenebault’s ‘ Dictionnaire Icono- 
graphique,’ and perhaps Mrs. Jameson’s more popular volumes on 
‘ and Sacred Art.’ 
“ "The term has also been applied to representations of objects in the 
animal and vegetable kingdom in a manner which will be best explained 
by the title of the work of M. Guérin Méneville, ‘ L’leunographie du 
Régne Animal de Cuvier ; ou, représentation d’apres nature de l'une 
des especes les plus remafkable et souvent non encore figurées, de 
chaque genre d’animaux. Avec un texte descriptif,’ 3 vols. 8vo, Paris, 
1829-44. 
ICONOLOGY (from exwy and Aoyos) the ee of symbols, 
and emblems, and of allegorical figures with their attributes, Of 
is kind are the ‘Iconologie par figures; ou Traité complet des 
Allegories, Emblémes, &c.,) of M M. Gravelot [H. F. Bourguignon], 
and Cochin, 4 vols. 8vo., Paris, 1796; the ‘ Iconologie historique,’ of 
M. C. Delafosse, 2 vols. folio, Paris, 1768; and the ‘ Iconologia,’ of F. 
Pistrucci, Milan 1819-21, of which an English translation, in one vol. 
folio, was published in 1824 under the title of ‘ Iconology ; or the Art 
of representing by allegorical figures the various abstract conceptions 
of the mind.’ The term is not much used now. 

ICOSAHEDRON. [Souips, recuLar.] 

ICTERUS. [Javnoice.] 

IDEA (i8éa, from the root {, to see), in its widest and now generally 
received acceptation, is employed to indicate every representation of 
outward objects through the senses, and whatever is the immediate 
object of thought. Like many other terms of mental philosophy, it is 
derived from the most eminent of the senses, that of vision, the 
Platonic philosophy, the word idea possessed a higher import, and 
signified, primarily, the archetypes of all created things as they subsist 
in the divine intellect ; and, secondarily, the conceptions of the human 
und ing, by means of which the essence of a thing is conceived. 
According to another, though a more questionable definition, the 
Plat ted certain absolute qualities, which are regarded 


I ic ideas d 
as rea! because they are capable of becoming objects of true knowledge. 
Plato's own definition is very extensive ; “‘an idea may be attributed 
to whatever, as a plurality, may be indicated by the same name ” (eldos 
wrod 71 Exacroy eldOauer TiWecOai wept Exarta Ta woAA, ols Tavrdy 
ya erepepomev. ‘De Rep.’ x. 596 a). For in Plato's loose phraseology 
the terms fos and idéa are employed indifferently in the same sense, 
This being remembered, there is little objection to Plutarch’s historical 
account of these ideas, which we here give in the English of Holland. 
“Idea is a bodiless substance, which of itself has no subsistence, but 
giveth form and figure to shapeless matters, and becometh the cause 
that bringeth them into show and evidence. Socrates and Plato 
su) that these be substances separate and distinct from matter, 
howbeit subsisting in the thoughts and imaginations of God, that is to 
say, of mind and understanding. Aristotle admitteth verily these forms 
and ideas, howbeit not separate from matter, as being patterns of all 
that God hath made. The Stoics, such at least as were of the school 
of Zeno, have delivered that our thoughts and conceits are the ideas,” 
(Plutarch, ch. x., fol. 666 ; ‘ Opinions of Philosophers.’) 

Those ideas by means of which perception is obtained were 
commonly supposed to be really images or resemblances of external 
objects. By the Peripatetics however they were held to be immaterial, 
while Epicurus and his followers made them to partake of the matter 
as well as of the form of their originals (tenui rerum simulacra), See 
Cic, ‘ad Att. Ep.,’ ii. 3.) For the term idea the schoolmen employed 
the word species, by which, Cicero tells us, it was usually rendered in 
Latin (‘ Top.’ 7), although he himself proposed “ form,” which has been 
in later times adopted by Kant and his followers to designate that 
constant element in the perception of outward objects which is 
independent of matter, and which the mind presents to itself in 
accordance with its own laws. These species the schoolmen divided 
into sensible and intelligible, of which we shall here extract Hobbes's 


in Bohn’s, 


seen, the receiving of which into the eye is seeing. ....... 
the cause of understanding also the thing understood sendeth 
intelligible species, that is, an intelli 
the understanding 
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synonymous 


ascribes to idea a higher but limited signification. By 

eminently designated every conception formed by the reason (as— 
distinct from the und ing), and raised above all sensuous percep-— 
pws be me ideas he subdivi - into, lst, empirical, which have an 
element drawn from experience, for instance, organisation, a a 
church; and 2nd, pure, which are totally free from all that to sonata! 
or empirical, such as liberty, immortality, holiness, felicity, deity. 
Another division of the Kantian ideas is into theoretical and Lapa 


late Sir William Hamilton, published under the editorial care of the 
Rev. H. L. Mansel and J, Veitch, 1859, &c. There is valuable matter 
also in Sir William Hamilton’s editions of the works of Dr. Thos. Reid, 
and of Dugald Stewart. 

IDEAL has two uses, philosophical and critical. In the former it 
signifies, first, whatever belongs or relates to ideas generally. It is in 
this sense that the word is employed in the phrase “ Ideal theory,” in 
the controversy between Reid Priestley. According to this 
the understanding does not perceive external objects epee 
means of the sensuous organs, but the organs of sight and 
transmit to the mind certain ideas or images of sensible objects, which 
it perceives within itself. Locke, who received the term idea from 
Des Cartes, seems unconsciously to have adopted, with the use of the 
word, the scholastic doctrine which it involved. For he expressly 
declares that our ideas of the primary qualities of bodies are resem- 
blances of them, but that those produced by secondary qualities are no 
resemblances at all. From this explanation of the means of 


of supreme and perfect beauty. Altho 
this ideal is not unnatural; it is the absolute sum and unity of those 
scattered beauties which nature, with a lavish but impartial hand, has — 


& 
the name of Idealism is rightly applied to those B ipsa of physiology 
bstance things to be certain 


Thales, was not the simple element, but water pregnant with vi 5 
energy , 
and the intellectual primary of Diogenes was not merely atmos- 
pheric air, but a warm and perfect breath of life which pervades and 
ensouls the universe. While however in these philosophers the 
philosophical idea is more or less mixed up with divers sensible con- 
ceptions, Heraclitus seems clearly conscious of speaking figuratively of 
the primary substance, With him a universal and absolute life is the 
cause of all phenomena, which indeed is most strongly and o 
manifested in the vitality of fire and the rational soul, which is two 
fire, while in other phenomena it is inherent, although not so obvious 
and immediately cognisable.. In this class of idealists among moderns 
we must reckon Boscovyich and Leibnitz. The former explained ~ 
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matter to be a system of forces; while, according to the latter, all 
beings are of the same nature. Activity and simplicity are the 
essential characters of all, and are so many forces or causes which he 
terms monads. All these monads possess the faculty of perception, or 
of reflecting within themselves, as ina mirror, the universe. These 
images however of perception cannot become the objects of knowledge, 
unless in these monads, which possess also what Leibnitz calls apper- 
ception, by which they are enabled to distinguish and see in themselves 
these images. It is therefore this faculty of apperception which 
constitutes the difference between the so-called material and spiritual ; 
and as the faculty itself admits of different degrees, there are corres- 
ponding orders of intelligences. Lastly, we must include in this class, 
if anywhere among the idealists, the system of Spinoza, who asserts the 
identity of matter and spirit, making them to be but different 
aspects of one and thesame substance; and Schelling, whose philosophy 
may yee ovine as the complement of that of the Jewish philosopher. 

2., species of idealism considers the real as simply ideal, and 
assumes that our representations of a material world correspond to 
nothing actually existing, but that by contemplating these as objective, 
we transmute the merely ideal into the real. The fundamental axiom 
of this idealism is the priority of the ideal and the subsequence of the 
real (‘ ideale prius, reale posterius’). Accordingly, the real only exists 
so far as it is necessarily conceived by us, so that the external world 
is purely a creation of our conceptions, or, in other words, the real is 
a product of the ideal. To this class is referred the Platonic attempt 
to account for the existence of the sensible world by his ideas alone, 
without recourse to any other nature alien and foreign to them. By 
some, even the Aristotelian philosophy is designated as ideal in this 
sense, at least so far as regards its fundamental principle. This they 
make to be the assumption of a universal mundane intelligence (vos), 


which, as the principle of all things is a force (évreA¢xeia), self-active, 
all-perfect, absolutely free. The manifold manifestations of this 
entelechy are forms before and beside which matter exists only 


potentially, while the forms are determined and distinguished by 
privation (¢ldos, An, orépnois). But the most perfect of idealists in 
this class is Fichte, who derives not merely the form, but also the 
matter, of the conception of external things out of the mind itself, or, 
in his terminology, out of the ego (Ich). 


8. A third system i ageuwer proceeds to the absolute denial of all” 


material existences. species of idealism was impossible among 
the ancients, who did not oppose mind so sharply to matter as to deny 
the pees of their interaction, but tacitly supposed their similarity, 

only corporeity, as composite, to incorporeity, as simple. Of 
this idealism Bishop Berkeley is the author, tithough Des Cartes gave 
occasion to it by his position, that nothing extended can enter the 
unextended soul. Arthur Collier maintained the same theory, by a 
different line of argument, and Locke afforded, by his doctrine of ideas, 
the arguments forits support. The system of Berkeley is briefly this : 
matter does not exist independently of our sensations, but conceptions 
of a material world are produced by the operation of the deity upon 
our understanding, and the material world exists only in the divine 
intellect, who aw: in us certain sensuous conceptions in a definite 
order, which order is what we call the course of nature. 


, all that we know of outward objects is that 
‘ ops of our conceptions, to which the mind 
furnishes the form agreeably to its original and connatural laws; while 
of things themselves, which he calls phenomena, we absolutely know 
nothing, but note only the modes under which they appear to us. 
Idealism in fact forms the antithesis to realism, which involves 
materialism. Sir William Hamilton in his ‘ Lectures on Metaphysics’ 
says—‘“a philosophical system is often prevented from falling into 
absolute idealism or absolute materialism, and held in a kind of 
oscillating equilibrium, not in consequence of being based on the fact 
of ‘consciousness, but from the circumstance that its materialistic 
tendency in one opinion happens to be counteracted by its idealistic 
tendency in another; two (aces errors in short, co-operating to the 
same result as one truth. On this ground is to be explained why the 
Philosophy of Locke and Condillac did not more easily slide into 
materialism.” (Lecture xvi.) He also observes (‘Discussions on 
Philosophy,’ &c.) that “mankind in general believe that an external 
world exists, only because they believe that they immediately know it 
as existent.” But of course if this knowledge be disallowed, if the 
eo be only existent in the mind, the conclusion would be 


IDENTITY designates in philoso hical language the same 
substance under every possible virial of Avquaeniee, In this Side 
it is employed in the phrase personal identity, where it signifies the 


invariable sameness of the thinking subject, or ego. Ina secondary 
sense it denotes a merely relative identity, which may also be called 
logical or abstract. Thus, in logic, whatever things are subjects of the 
same attribute or collection of attributes are considered the same ; 
for example, dog and lion are the same relatively to the common 
notion Quadruped, under which they are both contained. Again, in 
physics,a tree may be asserted to be the same in relation to all the 
rights of property, notwithstanding the physical change it undergoes 
from the constant segregation of old and aggregation of new particles. 
Lastly, it is only in this logical use of |the term that we can be said in 
memory to be conscious of the identity of the reproduced and the 
original idea, for if they were absolutely identical it would be im- 
possible to distinguish between the first appearance and the recurrence 
of an idea. (Ancillon.) . 

According to Butler it is impossible to define the idea of personal 
identity, but it is easily ascertained ; for a comparison of one’s self in 
any two moments of our existence suggests immediately the idea, and 
at the same time the identity of ourselves. (‘Essay on Personal 
Identity.’) Reid’s view is nearly similar: ‘‘ I cannot remember a thing 
that happened a year ago, without a conviction, as strong as memory 
can give, that the same identical person who now remembers that 
event did then exist.” (‘ Essays,’ ch. vii.) To the objection that con- 
sciousness, being successive, cannot be the same in any two moments, 
and that therefore, as consciousness constitutes personality, there 
cannot be any identity of person, Butler answers, that consciousness 
presupposes and consequently cannot constitute personal identity, and 
that the object perceived may be the same notwithstanding that the 
perceptions by which it is discerned are distinct and different. Locke’s 
opinion on this subject appears to have been undecided. “ The identity 
of the same man consists,” he says, “in ndthing but a participation of 
the same life, by constantly fleeting particles of matter in succession 
vitally united to the same organised body.” But personal identity he 
defines to be the sameness of a rational being. (Locke, ‘On the 
Understanding,’ p. 2, c. xxviii., s. 6.) " 

With respect to identical propositions, it is rightly observed “ that 
the greatest assurance and most certain knowledge we can have of any 
thing is of such propositions as in the schools are called identical.” 
(Sir Kenelm Digby, ‘On Man’s Soul,’ c. ii., p. 28.) For in deductive 
reasoning the proposition and assumption which make the major and 
minor premises of the regular syllogism are only logical transmutations 
of the identical position in physics, that the whole is equal to its parts. 
Things which are logically identical may be conceived to be so many 

constituting a whole (genus); and the principle, “de omni et 
nullo” is rightly expanded thus: whatever belongs, or not, to a con- 
stituted er does or does not belong to all its constituent parts. In 
the same manner all mathematical propositions are identical; and 
Aristotle rightly teaches that in these equality is identity (év robras 
hy ladrns évérns, ‘ Metap.’ x., c. 3): the ultimate form to which all 
equations are reduced being a=a. It is the want of this identity that 
constitutes the difference between demonstrative and probable reason- 
ing, although this difference is rather one of degree than of kind; for 
the inferior certainty in the latter arises from the difficulty of deter- 
mining, in matters which fall within its domain, what really are all the 
constituent parts in any whole, or general term; whereas in the 
former every whole consists of certain determinate and limited parts, 
so that the procedure to a knowledge of the parts is easy. 

By the system of absolute identity is meant the doctrine which 
teaches the oneness of the subject and object (spirit and matter) as 
merely different aspects of one substance, This is maintained by 
Schelling, Hegel, and Cousin, who hold that mind and matter are but 
“phenomenal modifications of the same common substance,” and who 
reject the conclusion that “the evidence of consciousness to their 
antithesis is existence.” 

IDEOLOGY (the science of ideas or mind) is the term by which 
the later disciples of Condillac, under the Directory and the Empire, 
have designated the history and evolution of human ideas considered 
as so many successive modes of certain original or transformed 
sensations. Proceeding from this exclusive and partial view, nothing 
perhaps can equal the logical simplicity of the writings of this school, 
the subtlety of its abstraction, the boldness of its generalisations, or its 
analytical dexterity in reducing an idea to its simplest expression. Its 
metaphysical aspect is ably exhibited in the ‘ Idéologie’ of Destutt de 
Tracy. With him we should also class Main de Biram and Laromi- 
guitre, but for the many traces in their writings of dissent from the 
system, so that they may more properly be considered as mip me the 
transition to that form of mental philosophy in France developed 
by Royer Collard and his disciples, Jouffroy, and Cousin, 

IDES. [Kavenpar.]} 

IDIOT. [Lunacy. 

IDRIALIN (C,,H,,0,?), a hydrocarbon found in the mines of 
Idria, It colours sulphuric acid intensely blue. It is probably iden- 
tical with succisteren, a substance obtained from amber, and which has 
the same property of colouring oil of vitriol intensely blue. 

IDRYL (C,H,). A peculiar fusible and volatile hydrocarbon, ob- 
tained by.the destructive distillation of a kind of coal found in the 
quicksilver mines of Idria, 

IDYLL (Greek, ei50AAwov; Lat. Idy'llium or Edy’lium) is a poem 
“ descriptive chiefly of the processes and appearances of external nature ; 


837 IGASURIC ACID. 


or of characters, manners, and sentiments; or of these in conjunction 
with the appearances of nature. The epitaph, the inscription, the 
sonnet, and most of the epistles of — writing in their own persons, 
belong to this class.” (‘ Preface’ to Wordsworth’s ‘ Poems.’) In Greek 
the bucolic poems of Theocritus are called idylls; and all bucolic 
poetry [Buconics) may be included under this name; though the 
ancients did not, any more than ourselves, confine the name to bucolic 
try, as may be seen by refi to the ‘Idylls’ of Ausonius. In 
Bnglish poetry, the ‘Seasons’ of Thomson, Shenstone’s ‘School- 
mistress,’ the ‘Cotter’s Saturday Night’ of Burns, the ‘ Al "and 
‘Penseroso’ of Milton, Beattie’s ‘Minstrel,’ Goldsmith’s ‘ 
Village,’ &c. belong to this class; Mr. Tennyson in his ‘ Idylls of the 
King,’ has ied the term Idyll in a still more extended sense. 
IGASURIC ACID, [Nux Vomrca, ALKALOIDS or.) 
IGASURINE. [Nvx Vomica, Alkaloids of.} 
IGNIS FA’TUUS, a meteor resembling a flame, said to float in the 
at a few feet above the surface of the ground. It is stated 
to be generally observed by night, either stationary or in motion, over 
marshes or burial grounds; but in the ‘ Philosophical Transactions,’ 
for 1694, there is an aceount of some ricks of hay being burnt at 
Dolgelly, in the preceding year, by a vapour like a weak blue flame 
which came from the sea. Derham (‘ Phil. Trans.’ 1729) relates that 
he observed about a decayed thistle a flame in motion, which receded 
from him as he advanced towards it; and Beccaria states that he saw 
one which seemed fixed to a spot about two feet above some stones 
near a river: this philosopher observes that such meteors are most 
usually witnessed during a fall of rain or snow; he adds that they 
often appear on clayey soils, and that they have been seen to give out 
Trebra (‘ Deutscher Merkur,’ Oct. 1783) mentions that he saw 
at Zellerfeld a meteor which at first approached him and afterwards 
receded from him to a distance of 500 paces; he adds that it then 
disappeared, and at the end of half an hour it again became visible. 
Occasionally such meteors have been observed to follow or advance 
towards a spectator; but in general they appear to recede on being 
approached, and it has happened that from their resemblance to the 
flame of a distant lamp, they have led the unwary traveller into dan- 
gerous swamps. Little confidence can be placed in the descriptions 
given of them, as few persons have been able to examine’ them with 
due attention; and commonly they have been observed under the 
influence of an ill-regulated imagination rather than a philosophical 


spirit. 

A plausible hypothesis which has been proposed in order to account 
for this phenomenon is that a phosphuretted or a carburetted hydro- 
gen gas, produced by the decomposition of animal or vegetable sub- 
stances, rises from the ground or Seti stagnant water, either small in 
quantity and occupying a single spot, or in great abundance and then 
becoming a train or a horizontal column of vapour of variable dimen- 
sions; such gas may take fire by eleétricity or spontaneously, at a spot 
where the atmosphere is particularly free from moisture; and the 
flame communicating itself ively to other of a line or 
column, the latter being in a state of undulation from the agitations of 
the atmosphere, will give rise to the appearance. of a motion from place 
to place. The brightness of the meteor will change with the varying 
quantity or purity of the gas; and its temporary disappearance may 
be caused by the quantity being in some places too small to render the 
flame visible. Phosphuretted hy would inflame spontaneously 
on coming into contact with atmospheric air, but no hydrocarbon, it 
must be objected, is spontaneously inflammable. There is a great 
dearth of satisfactory observations on moving lights seen in nature, 
and the entire subject is at present in obscurity. Electrical excitation, 
true phosph , Spe inflammation, combustion otherwise 
occasioned, may all produce such lights, but whether such causes are 
really so operative, and whether their effects have been described as 
ignes fatwi, remains to be proved, ; 

IGNITION; INCANDESCENCE, These terms refer to that 

y of bodies, by which they give out light, when raised to certain 
Pi temperatures, the quantity of light increasing with the tempera- 
ture within certain limits. At first it is of a dingy red, or worm-red as 
it is sometimes called ; then bright red, indicating what is called a 
ured heat; at a hy on] temperature we have an orange or yellow 
tint, and lastly a white heat, when the light is painful to the eye. Sir 
Humphry Davy'’s experiments placed the degree of incipient lumi- 
nosity in the dark at about 810°, but a dull red visible in daylight is 
probably equal to 1000°, a full red heat 1200°, an orange: heat 1700°, 
a white heat 3000°, and the high white heat of a good wind furnace 
(according to Daniell) about 3300°. These remarks apply to bodies 
which can be raised to these high temperatures without changing their 
state. Most bodies are dissipated or destroyed before they attain the 
temperature necessary for ignition, and if heated in the air they inflame 
and undergo combustion. 

I'LEUS, or ILLAC PASSION, is a name given to 4 severe form of 
intestinal disease, characterised by violent griping pain around the 
the umbilicus, spasm and retraction of the muscles of the abdomen, 
obstinate costiveness, and vomiting. These symptoms are however 
comton to several very different conditions of the wels; they occur 
in severe cases of colic [Coxtc] oon bees or a8 some suppose, 
ae of a portion of the intestinal , but more commonly they 
are the result of some mechanical obstruction of the canal, as by intus- 


a 
susception, internal hernia, unnatural adhesions between adjacent folds — 
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ILLEGAL CONTRACT. [Acreement; Pusiic Poricy.] ~ 
ILLUMINATING. [Patmocraray.] 

ILMENIC ACID, ] 
ILMENIUM (Il). A mineral first called Urano-tantalite has long 
been known in the nei 


M. Hermann, however, gives to this mineral the name Yétro-ilmenite, 
asserting that it contains the oxide of a new metal analagous to tanta- 
lum, and to which he has given the name Z/menium, wi 
Ilmenie Acid (T10,), the binoxide of ilmenium, is the form, according 
to Hermann, in which the new metal exists in yttro-ilmenite, rig 
however, insists that the so-called ilmenic acid is only niobic acid, w : 
a small quan’ of tungstic acid, and that a mixture of these latte 
acids exhibits all the re-actions assigned by M. Hermann to ilmenic acid. 
The existence of ilmenium, therefore, as 4 separate and distinct — 
metal, is not at present satisfactorily established. ee 
IMABENZILE (C,,H,,NO,). An ammoniacal derivative of benzile. 
[Benzoro Grovur, Benzile, te; 
IMAGES, ELECTRIC, OPTICAL, THERMOGRAPHIC, &c, 
(Brearu-ricures ; Evecrricat Imaces; Lens; Licnt.]} 
IMAGINARY. [Necattve anp brpossts_e QUANTITIES. 
IMAGINATION denotes in its widest sense that 


" 


the mind 
in narrow 


acceptation as synonymous with fancy, which ly is only a par- 
ticular species of imagination combined ‘with j beh ni 


é definition of Dr. = 
who confines it to a lively conception of the objects of it, = 


lan 


18 


a, ee 


aan secrets 
nature and rmultipl Y to adopt 
language of Dugald Stewart, “All the objects of human know 
supply materials for her forming hand; diversifying infinitely H 
work she produces, while the mode of her operation remains essentially 
uniform.” a 
It is in this illimitable activity that imagination differs from con- 
ception, which also is a reproductive faculty, but apparently a mere 
passive potentiality to bring forth certain given and particular ideas; 
while the former, when once awakened by the tation of a ae a 
thought, produces out of its storehouse of ideas all the manifold varias 
tions of similar and dissimilar, In this procedure, while it is bound 
indeed by the general laws of association, it is yet free to choose the 
principle of its combinations. Accordingly age and every 
every form of ent and of religion, is said to have its 
succession ; and what is called a rtp. oh men consists in 
else than a knowledge of the train in whi 
succeed to each other, . 
A disordered imagination exhibits itself under various forms or — 
characters; as the fantastic, the fanatic, and the enthusiastic, x 
On the particular character of the imagination depends much of the 
happiness or misery of the individual. Acting upon human i 
and fears, it assures the name of sensibility, an f 
sombre ~~ with which it fills.the distant prospect of life it a 
adouble relish to every enjoyment or gives a keener edge to sorrow 
and misfortune, 
+ IMASARATIC ACID, [Ixprco.] 
IMASATIN. [Inprco.] 
IMBECILITY. [Lvsanrry.] 
IMESATIN. [Ixprco.] 
IMIDES, [Orcayic rage 


IMITATIONS, in Music, ee.) Py be 
IMMATERIALISM. [MAtentatisa ; Berxeney, in Broo, Diy.) 
IMMORTALITY. TERIALISM.] 


=" 
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IMPACT. [Co , Impact, or PErcussion or Boptes. A variety of it is not unfrequently met with in grocers and those 
ae Set a PARLIAMENT. ] 1 much engaged in handling sugar, and to this the term grocer’s itch has 


, a name given to the property of matter, the 
existence of which is suggested when we see that any attempt to place 
one solid body in the part of space occupied by another is either 
or its suecess preceded by the removal of the 

Tt is but another name for the cause of that resistance, 
which we know by the sense of touch, and which is necessary to every 


penetrability of matter can only be taken in conjunction with 
the hypothesis of its porosity. Otherwise, it might be successfully 
i Salt may be dissolved in water without increasing the bulk 
cee ce ony «canal Mogae liedl 5 onl cele Samer 
the id has interstices. But if any attempt be made to 


ility, which is merely saying, so soon as we find 
Se raee, tek aaataak ise 6 Vines of toaialiog But when we ascertain 
that different 


same kind. , 
The answer to this difficulty, and others of a similar kind which 


explanation is wanted, and serve, till further explanation, 
to enable us to recal the phenomena themselves and the universality 
of their existence. and i 


remind us that there is a something which shows itself in all matter ; 
its logy nor any common notions attached to it must 
i any conclusion as to the nature, mode of action, 


-A 

the fundamental notion upon which the above-mentioned something 
received the name of impenetrability is incorrect. That notion 
evidently was, that when, for instance, one ball is rolled towards 
one before it 
ich it can be 


of matter upon matter must be admitted to commence before the 
instant at which their surfaces come into contact, [ATrRacTIon; 


high temperature 
It is insoluble 


independent significations, and for various diseases, but is now confined 
to « disease of the skin, which Dr. Willan has defined to be “ an 


eruption of yellow ceains vosules, sprees in clusters and termina- 


been applied; but it differs from the itch, properly so called, in its 
non-con’ (Sry, Diseases oF.] 

IMPETUS. [Momentvum.] 

IMPONDE LE, a term applied to heat, light, and electricity, 
regarded as fluids ; but as in modern science they are regarded rather 
as , the term has out of use. 

MPORTS AND EXPORTS. [TRapz anv Surrrinc.] 
IMPOSSIBLE. [Necattve anp Impossteie qoanrrrtee 
IMPOST (Jmposta, Italian), the horizontal mouldings which serve as 

a sort of cap or cornice to the piers of arches, and on which the archi- 
yolts, or curved mouldi and facie surrounding the arches them- 
selves, rest. Like these latter the impost is made plainer or richer 
according to the order employed, or to the general character of the 
design. And when the archivolts of the arches are omitted, either the 
impost is omitted likewise, or a plain band is substituted for it. This 
is generally done in the rusticated basements beneath an order, the 
joints of the rustics sufficing for decoration, and giving the requisite 
architectural expressi Im * Lie ea be called, are seldom found 
in pointed Gothic, except in First Pointed style ; but the point of 
junction between the curve of an arch and its support, however treated, 
is called the im Except in the case above alluded to, the impost 
is essential in Roman and Greco-Roman architecture. We have, how- 
ever, a few recent instances in which imposts have been omitted, and 
the archivolt of the arch continued vertically down the edges of the 
piers. This was a favourite practice with Soane, both in his designs 
and many of his executed buildings; and it has been followed by other 
architects, but the effect is by no means happy. 

IMPRESSMENT. ([Sramen. 

IMPRISONMENT, FALSE. [Fatse IMprisonMENT.] 

IMPROPRIATIONS. anne ; Trrues.] 

IMPROVEMENTS, PUBLIC. [Punic Improvements, ] 

IMPROVVISATORI are extempore versifiers who can, without 
preparation, pronounce a certain quantity of verses oe any given 
non Mt This practice is of frequent occurrence in Italy, and the 

ilities which the structure of the Italian language affords to versi- 
fication and rhyme are of great assistance towards it. The improvvisa- 
tore delivers his verse, generally accompanied by a guitar, and with a 
sort of chaunting cadence ; and he spins .out hundreds, nay at times 
thousands of lines, with apparent ease: whole dramas have indeed been 
thus delivered. It must not be imagined however that this kind of 
extempore poetry is of the best kind; in ed: Sig’ Paps those com- 
positions can stand the test of publication. Still they have the merit 
of the flow of and the quick adaptation of accessory ideas and 

to the main subject, which rivet the attention and excite the 
surprise of the listener, 

Some improvvisatori have been men of real information and poetical 

us, and their compositions are consequently grea An Augustine 

iar of the name of Brother Philip, blind and living in the time of 
Sixtus V., is mentioned as having done wonders in this way. Gianni, 
of Genoa, a man of considerable poetical talent, was made improvvisa- 
tore to the court of the Emperor Napoleon I., with a handsome salary ; 
and Sgricei of Florence became known throughout Europe by giving 
imens of his art in the various capitals, Several ladies have dis- 

ed themselves in the same art: they are styled improvvisatrici. 

MPULSE. When a body rolls down a gently-inclined plane we 

can see the gradual alterations of its velocity, and can readily admit 
that between the instants at which the body has two different velo- 
cities it takes in succession all intermediate velocities, or that the 
change of velocity is perfectly gradual. But when a body is violently 
struck, as in the case of a bat and a ball, we can see no gradations of 
velocity, but the ball appears to be at once altered from a state of rest 
into one of rapid motion, without having passed through any of the 
intermediate states. In this case it is said to haye received an impulse, 
which word must be interpreted to mean any cause by virtue of which 
velocity is communicated suddenly and without gradations, 

Though the term impulse may be of convenient application to cases 
of motion in which velocities are changed very rapidly, it must be 
remembered that the idea of absolutely instantaneous change of yelo- 
a! is in no degree less absurd than that of a point which is in two 

ifferent positions at the same instant of time. Impulse, then, must 
be considered as pressure which, beginning from nothing, increases so 
rapidly with the time as to produce large effects in a small fraction of 
a second. Some account of the manner in which impulses act is given 
in the article Pressure. 

It is to be remembered that there is nothing absurd in the idea of 
any change in the state of a body, provided that a time, no matter 
how small, be allowed for it to take place in, A cannon-ball now at 
rest may, in the millionth part of a second, be imagined to have 
scutes a velocity such as it has when it issues from the mouth of the 
gun, provided only that a pressure be imagined sufficient to produce 
the effect. It is only the production of velocity in no time at all which 
must not be admitted ; thougly it must be owned that the excessive 
smallness of the times in which some pressures produce a great effect 
makes us familiar with the notion of impulse, which further inquiry 
shows us to be a impossibility as long as the present lawe 
of nature last. 
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‘INCLOSURE. 


INARCHING. yet ny 

INCANDESCENCE. The luminous glow of a solid or liquid body 
intensely ignited. [Texrrroy.] 

INCEN IARY. [Arsox; Law, Craanat.] 

INCEST. During the Protectorate incest and adultery were made 
capital offences, but at the Restoration this law was not renewed. 
Incest in England is now punishable only by the ecclesiastical courts, 
according to the canon law, which determines what kind of sexual 
connection is incest. It may be committed either by married persons 
or persons unmarried. Adultery may be incest, and fornication may 
also be incest; the legal notion of incest being founded upon the 
degree of consanguinity or affinity between the parties. 

term is derived from the Roman Incestum, which is the same 
as Non Castum, “not pure,” and in its most general sense signifies 
any offence against positive morality, or religion. Persons within 
certain degrees of consanguinity could not contract a marriage ; if they 
did, or lived together as man and wife, such a connection was called 
incestuous (Incestae Nuptiae). The affecting to marry was not how- 
ever necessary to constitute Incestum. It existed whenever there was 
sexual connection rage a@ man and woman Sa Pte incapable of 
contracting marriage. e parties were ble of contracting mar- 
riage, the connection would be Stupeum, whieh in dix Maxie mene, 

mds to fornication. 

The Romans do not appear to have had any direct legislation on this 
subject till the Imperial period, and the rules of law that were in force 
were founded upon positive morality and usage. The Lex Julia which 
was enacted in the time of Augustus treated of incest only indirectly, 
and so far as it concerned the object of that law, which was the 
punishment of adultery. In some cases the punishment was capital. 
(Dion. Cassius, lviii. c. 22 ; Tacitus, ‘ Annal.,’ vi. 19.) 

The subject of the Roman Incestum is treated copiously by Rein, 
‘Criminalrecht der Rémer,’ and with a reference to the numerous 
authorities. 

INCH OF CANDLE. [Avcrtoy.] 

INCIDENCE, ANGLE OF, a term used in catoptrics, radiant heat, 
&c., to express the angle between the direction in which a line strikes 
on a plane, and the perpendicular to that plane. 

INCINERATION. An operation in organic chemistry, which has 


for its object the separation of inorganic from fixed organic matters. 


It consists in heating the organic substance to redness in a current 
of air (in a muffle for instance) until all the organic matter is 
consumed, the non-volatile inorganic matters are then left behind as 


an ash. 

INCLINATION. [Macyertism.] . 

INCLINATION. e inclination of two lines is a phrase commonly 
used for the angle which they make with one another. Thus, two lines 
which make a very small angle are said to be at a very small inclination 
to each other, Looking at the etymology of the word, and its use in 
common language, it would seem proper tw say that one line is without 
inclination to another when the two are dicular, and that the 
smaller the angle the greater the inclination. But custom has settled 
otherwise, and has, in fact, made the word inclination synonymous 
with angle; while the term angle of incidence holds the place which, 
oes to etymology, belongs to angle of inclination. 

INCLINED PLANE. Among the mechanical powers, as they are 
termed, meaning the contrivances by which pressure is advantageously 
applied, the inclined plane has held a place in oer in every country 
in which the arts have made any progress. But the introduction of 
this contrivance into the theory of mechanics dates from the time 
of Stevrx, to whose life in the Broa. Dry. we refer for an account 


of the very remarkable addition which he made to the first principles 
of statics by means of the inclined plane. ? 
If a weight be placed upon a horizontal 


i p mr on which there is no 
friction, it is obvious that the weight will be entirely supported, and 
that any horizontal , however small, will cause motion. If the 
same plane be made vertical instead of horizontal, the weight cannot 
be upon it, for if the heavy body were made to touch the plane 
then left to berg e rae fall down the plane exactly in the same 
manner as it w ere were no e; that posing 
od to be no gigs? Bene a 
f the plane made to assume an oblique or inclined tion, the 
effect produced will be intermediate etoreen those of ie ree 
cases. The weight will not rest, nor will it acquire velocity as ra idly 
as when it falls freely, The reaction of hagine will counter 


a portion of the weight, as follows :—Let aB represent a section of the 
- B 


A 


plano, and o a section of the weight. Let a v represent the tud 
and direction of the weight, and draw ow and w V pe! or] 


follows :—Let BK be v 
w 


parallel toa. Then (Coxosrrion] the pressure Gv is equivalent to 
the two is 


aw and wv, of which the former 


upon an 


pressure exceeding 
pressure equal to Vw, applied in the direction aB, 


te a age 

a which is placed at B on an inclined plane 
hile a the velocity which it will then have, 
and the time of wrens! BG, are determined as 


= 


om and 
aa “9 egies Then the velocity at G 
is that which wo acquired by a falling 
pang apeppeany sc yrians Ses Laas 
would be that in which a body falls freely from B 
tox. From hence follows immediately the remark- 
able proposition that if any number of chords be 
drawn from the highest point of a vertical circle, 
and if these chords be the sections of as many in- 
elinetl plates, Shs ‘Nieas 1 STING ree may ee Fe 
ro ords are the same. ey ying th 

e preceding results are obtained by e 
re eae rte the uithcle Bast op Movs Uidheg tas Se 
that article, and supposing @ to be the angle by which is 
inclined to the horizon, the accelerating force which urges 
downwards is g sin @, Consequently we have the following eq — 


v=g sin @, t. s=}gsin 0. 2. v=2gsin 0% 


Here s is the length BG: and s sin@ is BM. 
The i friction not to exist : now let there 


‘Then w represen 
But the pressure on the p 
w cos @ is the amount of presssure down the plane 
resist. If then k w cos@ be greater than w sin@, that is, if k be 
greater than tan @, the weight will not move; if k be equal to tan @ 
the weight will be just poised, and op bane however small, will 
cause motion ; if & be less than tan @, the weight will move downwards 
with an accelerating force g (sin @—k cos 6). 
There are many remarkable p: ies connected with the motion or 
uilibrium of bodies on inclined planes; but the preceding are those 
which are most fundamental and most Hig becse | required. 
INCLOSURE. The term inclosure is applied to the inclosing and 
partitioning of lands in England and Wales, which are com 
under the general name of Commons or Common Lands, A 
of the present condition of the lands comprehended under this term 
enables us to form a better estimate of the state of agriculture in 
and its capabilities of improvement. We thus learn also 
what was the general condition of lands in England before inclo- 
sures were OF 
It is necessary to define the terms Commons, and Commonable and 
Intermixed Lands. Commons or Common Lands are lands in a state 
of uature or waste, of which individuals have not the severalty. 
monable Lands are those lands which during a part of the year are in 
severalty, that is, occupied severally by individuals as their own, to 
he ae oes ped nn 4 eee oe nable lands; but th 
ere is great v: in commonable 3 but riba | 
by indi- 


: 


divided into three , exclusive of wood-lands: First, 
open arable and meadow land which is held and occupied 
viduals severally until the crop has been got in. After the crop has 
been removed, that is, during the autumn and winter, it 
commonable to who have severalty rights in it, and they turn 
on to it their cattle without any limit, or without stint, as it is termed. 
Thus there is a divided use in these open lands; individuals have the 
exclusive right to the enjoyment of one or more of these 
fe ee EY aarp ee and during another part of the 
these individuals enjoy this open land in common. Second, 
is open arable and meadow land that is held in severalty during one 
ae a the year, like the first class; but after the crop is removed, it 
commonable not only to parties who have severalty rights, but to 
other classes of individuals ; these lands are generally called Lammas 
These commonable rights may belong to a particular class, as a body 
of freemen, or to all landholders, There 1 at re 
classes as to the severalty holdings also, “ are many cases in 
which the severalty holding varies year by year. are in these 
open lands what is called a pane of land, Becn, 2 pial fod 0 or 
60 difierent lots, It is reported to be a remnant of an old military 
custom, when on a certain day the best man of jp ogen appeared to 
take possession of any lot that he thought fit; i 
in question, he had to fight for it, and the survivor too 
and so they went on through the parish. It often happens that 


— 
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; has Jot 9, pte next, and | so ‘ue When atte aaieciine arable | Ricuts or. As to the common pasture lands, they also require an 

3, annually, but periodically, ing to the | improved management. It is stated that commons are generally over- 
rotation of the Then there is the old lot meadow, in which the | stocked, partly in consequence of persons turning out more sto than 


owners draw lots for the choice. There are a great 


iety of circum- 


sently they divide reps Seyret ing to their rank (merit). 
The extensive plains facilities for division. They change the 
cultivated fields yearly ; and there is still a superfluity of land.” The 


they com 


on of land assigned to him ; 
but they enj sae 
continue in 


t of grazing p at all belongs 
certain 


to a man called a flock-master, and e has the power, during 


months of the , of turning his own sheep exclusively on all the 
lands of the ; or, according to icular circumstances, his right 
is limited restricted to turning sheep upon a certain portion of it, 


ert ee eee ne eee ix whet orp, 


ha him for shutting up his own particular 
fields, or some portion of them.” 5‘ 
“ is a very extent of woodland in this ki that is 


commonable, strange to say, where certain individuals have a t 
be y a stock, the owner Bers wood 

means 0) i except utting out 
Gila eoentaoues’ stock } Mabe AE eee tats te kaka, yore cheer 
There is that right, as aleo the old right of estover, which is s 
very great inconvenience, namely, where parties have the right of cut- 
ting house-bote, and plough-bote, and fire-bote, and so on in woods 
belonging, qué wood, to another party. There is a great deal of land 
that ruinous are many varieties of these 
commonable lands, but these are the most prominent and remarkable 


as this, it is obvious that these common fields 
A res Ait aioe gl yg thea ae 

i e improv les of good husbandry. It is stated that 
the simple re-distribution of intermixed lands, now held in parcels so 
inconvenient in form and size as to be incapable of husbandry, 
would in many instances raise the fee-simple value of the lands from 
CE Sone 

was opinion of witnesses examined before the parliamentary 
committee of 1844, on Commons’ Inclosure, that indictous inclosure 
would make a large portion of common lands m 


impossible. One witness said ; “ I have had occasion to go over two 1 
eee ee each; one I found in 801 different pieces, 
another in a little more than a hundred. I mention this to show 
how the lands are frequently intermixed; they are therefore farmed at 
much greater : it is impossible to drain them on the 
i inasmuch as other ies are 
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they have a right to do, and partly by persons putting their stock on the 
common who haye no right. In consequence of commons being over- 
stocked, they are profitable to nobody; and a rule for regulating the 
quantity of stock would therefore be beneficial to all persons who are 
entitled to this right of common. Violent disputes also frequently 
arise in consequence of the rights of parties to commonage not being 
well defined. It is the opinion of competent judges that very great 
advantage would result from stinting those parts of commons that are 
not worth inclosure ; and that “it would be in many instances highly 
desirable to inclose portions of a common for the purpose of cultivation, 
and to allot such portions of it, whilst it would be impolitic to do 
more than stint A ex portions of it.” A stint may be defined to be 
“the right bal ocyiags for one animal, or for a certain number of 
animals, according to age, size, and capability of eating.” The com- 
mons in fact are not now stinted by the levant and couchant right, 
aright which cannot be brought into practical operation; and besides 
this there are many commons in [Common, Ricuts or.] 

In 1836 an act (6 &7 Wm. IV. c. 115) was passed for facilitating 
the inclosure of open and arable fields in England and Wales. The 
preamble to the act is as follows :—‘‘ Whereas there are in many 
parishes, townships, and places in England and Wales, divers open and 
common arable, meadow, and pasture lands and fields, and the lands of 
the several proprietors of the same are frequently very much intermixed 
and dispersed, and it would tend to the improved cultivation and occu- 
pation of all the aforesaid lands, &c., and be otherwise advantageous 
to the proprietors thereof, and persons interested therein, if they were 

by a general law to divide and inclose the same,” &c, Inclosures 
have been made under the provisions of this act, but the powers which 
it gives are limited, for the “‘ act applies solely to lands held in severalty 
during some proportion of the year, with this exception, that slips and 
balks intervening between the cultivated lands may be inclosed.” The 
lands which’ cannot be inclosed under the provisions of this act are 
“the uncultivated lands, the lands in a state of nature, intervening 
between these cultivated lands, beyond those that are fairly to be con- 
sidered as slips and balks.” However, it was stated in evidence before 
the committee of the House of Commons in 1844, that a large extent 
of common and waste land had been illegally inclosed under the pro- 
visions of the act, and the persons who hold such lands have no legal 
title, and can only obtain one by lapse of time. The chief motive to 
this dealing with commons appears to have been, that they thus got 
the inclosure done cheaper than by applying to Parliament for a 
private act. 

In 1844 a select committee of the House of Commons was appointed 
“to inquire into the expediency of facilitating the inclosure and 
improvement of commons and lands held in common, the exchange of 
lands and the division of intermixed lands, and into the best means of 
providing for the same, and to report their opinion to the House.” The 
committee made their report in favour of a general inclosure act, 
after receiving a large amount of evidence from persons who were well 
acquainted with the subject. The extracts that have been given in 
this article are from the printed evidence that was taken before the 
select committee. 

In pursuance of the recommendation of the committee, an Act of 
Parliament was passed in 1845 (8 & 9 Vict. c, 118), the object of which 
is thus stated in the preamble: “ Whereas it is expedient to facilitate 
the inclosure and improvement of commons and other lands now 
subject to the rights of property which obstruct cultivation and the 
productive employment of labour, and to. facilitate such exchanges 
of lands, and such divisions of lands intermixed or divided into incon- 
venient parcels, as may be beneficial to the respective owners ; and it 
is also expedient to provide remedies for the defective or incomplete 
execution and for the non-execution of powers created by general and 
local acts of inclosure, and to authorise the renewal of such powers in 
certain cases,” &c. 

It is not within the scope of this article to attempt to give any 
account of the provisions contained in the 160 sections of this act ; 
but a few provisions will be noticed that are important in an economical 
and political point of view. ‘ 
llth section contains a comprehensive description of lands 
which may be inclosed under the act, in which the New Forest and the 
Forest of were excepted, but even with these portions have been 
since inclosed, and the new plantations are fenced for a certain time. 
The 14th section provides that no lands situated within fifteen miles of 
the city of London, or within certain distances of other towns, which 
distances vary according to the population, shall be subject to be in- 
closed under the provisions of this act without the abbr authority 
of parliament in each particular case. The 15th section provides 
against inclosing town greens or village greens, and contains other 
regulations as to them. The 30th section provides that an allotment 
for the purposes of exercise and recreation for the inhabitants of a 
neighbourhood may be required by the commissioners under the act, as 
one of the terms and conditions of an inclosure of such lands as are 
mentioned in § 30. : 

The 108th section makes regulations as to “the allotment which 
upon any inclosure under this act shall be made for the ae 
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poor,” and (sect. 109) “ the allotment wardens (; ted by sect. 108) 
shall from time to time let the a ge wie “ t in 
not exceeding a quarter of an acre , to such poor in- 
itants of the parish for one year, or from year to year, at such rents 
payable at such times and on such terms and conditions not inconsistent 
with the provisions of this act, as they shall think fit.” : 
provides for the application of the rents of allotments; the residue of 
which, if ary, after the payments mentioned in this section have been 
er, Saree paid to the overseers of the poor in aid of the poor- 
rates 0! . 

Sections (147, 148) provide for the exchanges of lands not subject to 
be included under citen or subject to be inclosed, as to which no 
ponnectrie qhackag: 2 ngerdd shall be pending, and for the division of 

termixed lands under the same circumstances, 

Under section 152 commissioners are empowered to remedy defects 
and omissions in awards under any local act of inclosure, or under the 
6 & 7 Will. IV. c.115; and under section 157, the commissioners may 
confirm awards or ments made under the supposed authority of 
6 & 7 Will. IV. c. 115, if the lands which have been illegally inclosed 
or apportioned or allotted, shall.be within the definition of lands sub- 
ject to be inclosed under this act. In accordance with this act two 
commissioners, with a secretary, were appointed, under whose manage- 
ment its provisions have been extensively carried into yrs The 
commissioners make yearly reports to parliament of the proceedings 
which have taken place, and one or more acts are passed every year 

ing the inclosures submitted by the commissioners for approval, 
In their 13th annual report, ted in 1858, the commissioners 
state that the number of applications of all kinds for inclosures since 
the passing of the acts had been 2351, and that the whole acreage of 
inclosures confirmed prior to this report was 226,010 acres, while the 
acreage of inclosures in progress amounted to 262,418 acres. 

The provisions of this act seem to be well adapted to remedy the 
evils that were stated in the evidence before the select committee ; and 
there can be no doubt that agriculture has been greatly improved, 
the productiveness of the land increased, and employment given to 
labour by this judicious and important act of legislation. 

INCOMMENSURABLE, INCOMMENSURABLES, THEORY 
OF. The application of arithmetic to any science of concrete i- 
tude he oe a certain magnitude to be taken as unity, and all other 
magnitudes to be expressed by the number of times or parts of times 
which they contain this unit. Such an application, therefore, made in 
the usual manner, requires the assumption of this proposition, that all 
magnitudes are either fractions or multiples, or compounded of frac- 
tions and multiples, of any magnitude that may be named. This 
proposition is not true; for instance, we shall presently prove that if 
the side of a square be called 1, no number or fraction whatsoever will 
exactly represent the diagonal. But we shall also prove that it may be 
made as nearly true as we please: for instance, that we may find a line 
as nearly equal to the diagonal as we please, which shall be a definite 
arithmetical fraction of the side. Quantities which are so related that 
when one is capable of being represented in terms of a certain unit the 
other is not, are called incommensurables. The reason is as follows: 
any two whole numbers or fractions of the same unit must have a 
common measure; thus, all whole numbers have the common measure 


1; and any two fractions, ; anit (4,6, p, and g being whole numbers), 


have the common measure i which is contained exactly ag times in 
the first, and bp times in the second. Conversely, two magnitudes 
which have a common ‘measure can be arithmetically represented by 
the same unit: for if a and B have the common measure M, and if this 
measure be contained 7 times in a and 10 times in B, then it is evident 
that by taking a as the unit, a is represented by 7 and B by 10. If, 
then, there be two magnitudes which cannot be represented Ly means 
of the same unit, they cannot have any common measure whatsoever, 
and are therefore incommensurable. It also follows from the preceding, 
that any two commensurable magnitudes must be to one another in 
the proportion of some one whole number to some other whole 
number. 

To prove that there are such things as incommensurable magnitudes, 
we shall take the 117th (and last) proposition of the tenth book of 
Euclid, which demonstrates that the diagonal and the side of a square 
are incommensurable. Let p be the diagonal and s the side, and if 
they be not incommensurable let a and z be the whole numbers to 
which they are proportional ; that is, let m be a common measure, and 
let D and & severally contain M, a and x times, Then the square on p 
will contain the square on M aa times; and the square on 8 will contain 
the square on m xz times. But the square on D is double of the square 
on 8; therefore aa is twice xx. Now, let a and x have no whole 
common measure except unity, which may be supposed, for if they 
have acommon measure, we may divide by it, which will give 
two whole numbers in the same proportion, and 40 on until no common 
measure is left. Then, because a times a is double of « times x, a 
times a ia an even number; whence a is an even number, for if a were 
odd, a times a would be odd. Therefore, 2 is not an even number, 
for if it were, a and # would have the common measure 2; whence z 
is an odd number, Let k be the half of a, which is a whole number, 


Since a is even; whence a= 2k, and aa= 4kk, which is also 2xx, and 
thence it follows that zx=2kk. Therefore, .cx is an even number, and 
x also ; be odd: whence ~ is even. But 


odd » 
we suppose 8 and p to be in the p 
consequently, 8 and p are not in the 
numbers, and therefore are incomm: for if they were com- 
mensurable they would be in the proportion of some two whole 
numbers. J 

We have next to prove that any two itudes whatsoever, being 
i 2s: con be setae aasiansiniare by as small an alteration 


Dd | 
Be 
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as we please in either, Let A and 8 be two incommensurable magni- 
tudes, and let k be a third magnitude of the same kind, which may be 
as small as , provided only that it be given and known. 
Cixpmpnier) ) ow, some aliquot of a must be less than x; if 


; if not the thousandth, try the 

be, it is possible to divide a 

into equal parts, each of which shall be than K. Let m be such an 

sare having divided a into its pores, sl. epee 
incommensurable, 


from either BG or BL by so much as GL, and 
therefore not by so much as Kk, But BG and BL are both commen- 
surable with a, since all three are multiples of m. Here, then, are BG 
and BL, the first a little less than B, and the second a little 
neither differing from B by so much as K, but both commensurable 
with 4. Thus it is also evident that two whole numbers may be found 
which shall be as nearly as we please in the same ratio as two given 
incommensurable quantities. : 

The difficulty thus inherent in the application of arithmetic 
concrete tude is not zoo with. Jn, eunciioey Deomen Oana 
arise in which it is necessary to retain a magnitude so closely no 
alteration, however small, can be permitted. But in exact, reasoning, 
where any error, however small, is to be avoided, it is obvious that the 
arithmetic of commensv rable magnitudes, and the arithmetic (if there 

, must not 
and 


be such a thing) of incommensurable its be con- 
founded. The difficult 7 was overcome tae in the manner 
pointed out in the arti2le Proportion, so completely fect 
that nothing has been a ided to his solution of it except ] 
attempts to evade it. ‘I hose who avoid the fifth book of Euclid gene- 
rally substitute either the tacit assumption that all magnitudes are 
commensurable, which is not-true, or some play upon words, which a 
person who feels the rigour of Euclid places on the same shelf with 
nature's horror of a yac 1um and other explanations of the same kind. 
We could even point out a celebrated work on which 
expressly rests on being able to make its errors too small to be per- 
ceived by the senses, asks for no other reception of 

which involve incommensurables. 


his writings, if the tenth book were 
the production of a person 
QUANTITIES. | 4 , ; 

INCOMPATIBLES, in Materia Medica, applied to those articles 
which are considered improper to be united in the same prescription, 
Strictly speaking, the term applies only to introducing, into the same 
formula articles which exert a chemical action on 


compound may be perfectly insoluble in the juices of the stomach, so 
as to be inert or hurtful by its insolubility. But this result is 
to neutralise acrid or corrosive substances ; 


deem incompatible ; 
thus chalk and opium form a more powerful astringent than either 
singly given; and opium and acetate of lead in warm water form a 
oar agree ot sue aeagdhe 
pounds often m. bringing numerous . 
certain, as seen in the Folyphermegy ote ancients, of which the 
famous Mithridate is an instance, has 


hundred ingredients. On the 
perhaps too much aimed at in the day. 


cologia’ may be advan’ ony to; and Translation of the 
‘London Pharmaco as, hg aa 
INCONCINNOUS INTERVALS, in Music, are sounds which agree 
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INDEPENDENTS. 
with no scale, therefore are disagreeable to the ear, and never used in Robert Brown, a clergyman of the reign of Elizabeth, is generall 
any kind ofemdi position. ? ted to be the first person in England who publicly avowed this 
ix and DECREMENT. When two quantities are con- | opinion, and acted upon it by the establishment of various such separate 


sidered together, one of which is greater or less than the second, the 
latter is said to be the former with an increment or decrement. In 
the older English writings the calculus of differences is called the 
method of increments. This phraseology refers to the supposition of 
magnitudes being generated by continued increase or decrease as in 
the method of fluxions, so that two different magnitudes are spoken of 
as the same thing in different states, and of course at different times. 
Some difficulty to the beginner may be occasionally avoided by his 
stopping to interpret “let x become « +h” as follows : “let us, having 
considered the value of a function of: , proceed to consider the 
alteration which will arise if «+ be written instead of x.” 

INCUBATION, ARTIFICIAL. [Povtrry.] 

INCUMBENT. [Beverice.] - 

INDEFINITE means “ not given or defined in magnitude.” Thus, 
a definite straight line is that of which the extremities are known; an 
indefinite straight line (in length) is one of which the direction is 

iven, and which may be supposed to have any length, or which can be 
Teethoaed if necessary, without contravening any of the conditions of 
the problem. Thus, Euclid, in the first book, constructs an equilateral 
triangle upon a definite straight line, and shows how to draw two lines 
making with one another the same angle as that made by two given 
indefinite straight lines. 

There is, however, a reprehensible use of the word indefinite, which 
is found in mathematical works ; namely, the employment of it 
to ayoid the odium which attaches to the word infinite. Thus we hear 
of making a magnitude indefinitely great, of an indefinitely small arc 
being equal to its chord, of the circle being a polygon of an indefinitely 
great number of sides. In all these cases it would be better, with a 
proper definition, to use the word infinite at once. 

A want of proper distinction between definite and indefinite some- 
times leads to confusion. For instance, it is said that if a straight line 
be halved, if its half be then halved, and if fresh portions be continually 
taken, each of which is the half of the preceding, the result will at last 
become be named,” This is not true if 


the 
it 


“Two magnitudes being given, if from the ter be taken 
away its half, and from what is left its half, and if this be done con- 


tinually, a magnitude will at last be found which is less than the lesser 


of the two given magnitudes, 
INDELIBROME. [Inpico.] 
INDENTURE. EED.] 
INDEPEND , or CONGREGATIONALISTS, the name of a 


sect, class, or denomination of English Protestant Dissenters, one of 
the three who united form the Three Denominations, the other two 
the Presbyterians and the Baptists. 
the principle of resistance to the power which maintained at 
least an outward and specious 4miformity of Christian practice and 
opinion had received encouragement and was successful, it wag not to 
be expected that nations who recognised that principle would agree 
among themselves geen what should be done in their new con- 
dition of religious om. England the politicians of the time soon 
succeeded in establishing a national church with pastors and bishops, 
and the church has been maintained in that form and order from the 
time of the Reformation, with the slight exception of the period of the 
Commonwealth. But there were many people in England who ob- 
jected to several things which made a part of the constitution of that 
church ; and Tey paoreany Basen very much in the Massa of 
what considered a greater purity in its forms, they were 
vad in erie ion Puritans and Precisians, gaps allusion waa also 
included to the greater strictness with which they observed their 
religious duties, and their supposed peculiar preciseness in respect at 
once to an exactriess of conformity to scripture precedent and to the 
obligations of a severe morality. 
ese persons were not all of one mind within themselves. Many 
iting with these distinguishing characteristics the principle that, 
there being no scriptural authority for the Episco pet ge govern- 
ment of the church or the superintendence of its ministers ought to be 
vested not in an individual, but in synods and presbyteries; these 
formed the Presbyterians, There were others who would haye no 
union or government of the church, who Pe oct each congregation of 
faithful men as being in itself a church, and when properly constituted 
with deacons and a pastor forming a body which was independent of 
every other, and competent to its own direction and government with- 
out any interference from presbyteries, bishops, or from the state 
itself ; this is the pure principle of English Independency. ; 


churches, which however had no enduring existence. There is some 
uestion whether he retained his opinions to the last: but it is certain 
after he had given no small trouble to the authorities in the 
church, he was presented to the living of Achurch in Northampton- 
shire. He closed a long and very troubled life in the jail at Northamp- 
ton, or very soon after he had left it, in 1680. [Brown, Rosert, in 
Broe. Drv. 

Other persons, and some of them of celebrity in the history of the 
Puritans, adopted the opinion, but were restrained from acting upon it 
by the laws then in force for maintaining the Church of England as 
then established, But when Episcopacy was abolished and Monarchy 
had been overcome, there was a large party of these Independents 
which suddenly presented itself, who had a great share in the struggle 
then being made, and who were the means of preventing the 
establishment of a Presbyterian church in England, which it was the 
object of by far the larger portion of the Puritan body taking part in 
the contest to form. Cromwell belonged to the Independents. Dr, 
John Owen, dean of Christ Church, who was also for a time vice- 
chancellor of the University of Oxford, is considered as the chief 
ornament of this denomination at the time (the Commonwealth) when 
it first became considerable. [Owxn, Dr. Jony, in Broo. Drv.] 

What the issue might have been of the struggle between the prin- 
ciple of Independency and the principle of Presbyterianism cannot now 
be told, the king being soon restored, and with him the Episcopal 
church. In 1662 the Act of Uniformity was passed, the object of 
it being to exclude from the ministerial office in the Church of 
England divines of either of those opinions. The act required a 
direct acknowledgment of the principle of Episcopacy. The effect of 
it was, that about 1900 ministers retired from the places they held in 
the church. Some make them 2000. These are the ministers whom 
Dissenters mean when they speak of “the illustrious two thousand,” 
\“« the ejected ministers,” or “ the Bartholomew worthies.” During the 
reign of Charles II. every effort was made to prevent these persons 
continuing to exercise their ministry. Butit wasall in vain. They, or 
at least the greater part of them, persisted in preaching, notwithstanding 
the certain penalties of imprisonment and fine. However, the Revolu- 
tion of 1688 freed them from these penalties; one of the first acts of 
the new government being to grant toleration to them, that is, to allow 
them to open meeting-houses, or chapels, and to conduct the services 
under the protection of the law. 

The Independents were inconsiderable ‘at that time as com 
with the Presbyterians. Both however (and the Baptists also) built 
chapels for themselves and formed themselves into co tions, 
called the Presbyterian congregations and the Independent congrega- 
tions; and each denomination had its own board or fund. 

The ‘Act of Toleration’ was passed in 1689, and for the seventy 
years succeeding that date the Independent denomination dwindled (as 
indeed did the whole body of Dissenters), and it was in a very low con- 
dition when the state of things arose which we have now to describe. 

About the middle of the 18th century there was an extraordinary 
revival of religious zeal under the influence created especially by the 
Wesleys and Whitefield. The Dissenters, like the Church, had adopted 
pretty generally the principle that to inculcate the moral duties, to 
present the paternal government of God asa source of consolation and of 
hope, to hold out the prospect of future accountableness and of eternal 
life, to show the evidence on which we receive Jesus Christ as the minis- 
ter and messenger of his heavenly Father, were the principal subjects 
on which it was the duty of Christian ministers to insist. This it was 
easy to represent as an abandonment of the distinctive truths, as they 
are sometimes regarded, of Christianity ; and many persons, under the 
preaching above alluded to, were disposed so to regard it, and to seek 
a ministry by whom these distinctive truths would be made more 
prominent. Most of these persons joined themselves to the Wesleyan 
Methodists, or to the Whitefieldian Methodists (since better known as 
the Countess of Huntingdon’s Connexion); but there were many who 
declined to unite themselves with any of these bodies, and formed 
themselves into separate churches upon the Independent principle. 
These new societies incorporating with themselves the small remains 
of the old Independents of England,—who, in some instances had, 
throughout the period by some called the period of Religious In- 
difference, adhered to the original opinions of the Puritan body at 
large, which were Calvinistic, and had continued to make those opinions 
prominent in the public services,—or joining themselves to such 
decayed and decaying churches, gradually increased in numbers and 
influence, and constitute at the present day the large body of Dis- 
senters called Independents or Congregationalists. 

From the accession of George I., in 1714, when the London dissent- 
ing ministers of the three denominations (Presbyterian, Independent, 
and Baptist) presented an address to the king [Wixiams, DanrEL, 
D.D., in Bros, Drv.], the three bodies have been accustomed to act 
together, by their appointed deputies, in reference to great public 
questions. Most of the old Presbyterian denomination in England 
having in the course of time adopted Unitarian sentiments, their repre- 
sentatives at length withdrew from the board. ‘The distinctive 


appellation of “ The Three Denominations” is however still kept up, the 
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place of the retiring Presbyterians being occupied by representatives 
of those Presbyterians in England who hold the views of the Presby- 
terian churches of Scotland. 

The Congregationalists have numerous chapels in London and in 
various parts of the country. They have also several institutions for 
the education of their ministers. They still maintain the principle of 
Independency ; are in general strongly opposed to a national establish- 
ment, whether Episcopal or Presbyterian ; and in doctrine , from 
the high Calvinism of the Savoy Confession, which exhibits the 
doctrines held by the Independents of the time of ‘the Commonwealth, 
to the most moderate form of orthodoxy. 

The number of Independent ministers is about the*same as the 
number of chapels. The following is a list of the colleges and acade- 
mies which are exclusively confined to the education of ministers for 
the Congregationalist denomination. Some of them have valuable 
endowments; others depend upon annual subscriptions for their 


Western college, Plymouth, founded about 1752; number of stu- 
dents, 21. 

Rotherham college, Masborough, Yorkshire, founded in 1756 ; num- 
ber of students, 17. 

Brecon college, founded in 1760; number of students, 25. 

Cheshunt college, founded in 1768 ; number of students, 25. 

Airedale college, near Bradford, Yorkshire, founded in 1784 ; number 
of students, 20, 

Hackney seminary, Middlesex, founded in 1796; number of stu- 
dents, 13. 

Lancashire college, founded in 1806 ; number of students, 20. 

Spring Hill college, Moretey, Birmingham ; founded in 1838 ; number 
of students, 21. 

New college, St. John’s-wood, London, founded in 1850, by the 
union of the Coward, Homerton, and Highbury colleges ; number of 
students, 55. 

Connected with the Independent body there are also the Board of 

ional Ministers of London and the vicinity; the Congre- 
gational Board of Education, which maintains at Homerton a Normal 
school for the training of day school teachers; the Congregational 
Library in Bloomfield Street, London; and other institutions of an 
educational character. The Congregational Union of England and 
Wales, and the Congregational Union of Scotland, are voluntary asso- 
ciations of ministers and members of the Independent churches, which 
hold assemblies or conferences yearly, or half yearly, as circumstances 
may require, for mutual consultation; but not claiming any ecclesi- 
astical authority over their members or churches, The managers and 
missionaries of the London Missionary Society chiefly belong to the 
Independent denomination. 

There are also a Theological Hall of Congregational Churches at 
Edinburgh, founded in 1811; with 13 students; and a Presbyterian 
college at Caermarthen, founded in 1719; with 23 students. 

The foregoing statistics are taken from the ‘ Congregational Year 
Book,’ for 1860; which also states that there are 1600 churches of 
this connexion in England, 636 in Wales, 147 in Scotland and the 

Islands, and 208 in the colonies. The ministers and mission- 
aries throughout the British empire are estimated at 2734. In the 
United States there are said to be 2369 Congregationalist churches, 
and 2408 ministers. . 

INDETERMINATE, a word which is mostly applied in mathe- 
matics, not to the character of a magnitude, but of a problem. A 
question is said to be indeterminate when it admits of an infinite 
number of solutions: if the number of solutions, few or many, be 
finite, the problem is sometimes, but rarely, called indeterminate. The 
word indeterminate is also applied to the co-efficients of an assumed 
form of expansion, and the investigation by which they are then found 
is called the “ method of indeterminate co-efficients.” But when thus 
used the word means nothing more than unknown, and the co- 
efficients are unknown or undetermined quantities. In the French 
mathematical writings, the word indeterminé should sometimes be 
translated by indeterminate, sometimes by arbitrary, and sometimes 

undetermined or unknown. 

INDEX OF REFRACTION. [Licut; Rerracrion.] 

INDEX EXPONENT. [Brvyomiat Toeorem; Power. 

INDIA, ARCHITECTURE OF. The architecture of India does 
not extend. back to a very remote period. Not only are there no 
architectural remains of the aboriginal races of Hindustan, but none 
are known to exist which can be assigned to the Aryan occupants, The 
earliest known buildings are of Buddhist origin, and are now con- 
sidered by the best authorities to belong to the 3rd century B.c. When 
Buddhism was replaced by Brahmanism as the dominant form of 
religion, architecture underwent a considerable change; and it was 
_ greatly modified by the Mohammedan invasion: but the original 

uddhistic type or character waa never wholly lost. Minor varieties 
and local modifications might easily be pointed out, but it will suffice 
for a broad view of the architecture of India to regard it as Buddhistic, 
Brahmanic, and Mohammedan. 

In looking at the architecture of India most inquirers have been 
struck with its obvious affinity to that of Egypt; and perhaps a com- 
parison of some of the resembl and distinctions existing between 
Egyptian and Indian architecture, will facilitate our explanation of the 


latter. In the article on Egyptian Architecture we referred rather to 
points of difference and contrast between that style and the Grecian, 
than to anything of positive similitude, they being separated from each 
other by an exceedingly wide interval as to all that regards feeling and 
taste. The Egyptian and Indian styles, on the contrary, seem to come 
in contact with each other, agreeing most in those points wherein they — 
most differ from Grecian and from modern taste, If there existed no 
other resemblance between the architecture of the two regions, there 
would be a decidedly strong one in their bh: plains 
cavern-structures hewn out of solid rock, works therefore more pro- 
perly of exstruction than of construction, and to which, no doubt, 
pa A to be ascribed the chief peculiarities of the styles ori; z in 
them, namely, extraordi massiveness of bulk and re 
coupled with no less si capriciousness of form. the 
forms are produced by cutting away instead of putting together and 
building up, they may be shaped quite arbitrarily, moulded di 

to fancy alone, because they still belong to one naturally 

mass: whereas were the same forms worked out of separate pieces of 
material, not only would they frequently be at variance with sec ; 
and stability, but they would occasion an enormous waste both of — 
material and labour; the difference between the process of exstruction 
and that of construction being, that in the former the solids 
left after the operation of taking away, while in the latter 
produced by what is built up. This, in our opinion, goes far to 
accounting for the various capricious, not to say unm 
meet with in many of the columns of the cavern-temples of India 
these again, account for the similar taste which was manifested in late 
works of construction, a taste so remote from our own that 
can hardly be said to have any sympathies in common. 

But in looking at even these rock-caves in detail, we find 
distinctions as well as broad resemblances. Thus while the shafts of 
the supporting columns have in the Egyptian examples no pedestals, 
and scarcely anything amounting to a distinct base,—and however 
much the column itself may be ornamented, the capital is 
distinguishable from the other parts,—in the Indian cave-temples the 
columns often appear com 
it being nearly impossible to determine where 
and their shafts commence, or how much of these latter belong to the 
capitals. Another circumstance to be noticed, as in this instance con- 
stituting a striking point of difference from the practice of 
Egyptians, is, that the columns are placed so far apart, and 80 

ingly, as to resemble only occasional props, instead of a con- 
tinued colonnade. In this respect however there appears to have been 
no fixed system, for in other examples the columns are pla 
close together that parts of their capitals almost touch. 4 
Indian cave-temples present a marked difference from those of 
Egyptians in making in many of them an approximation to a 
vaulted ceiling, while the Egyptian edifices are all covered with flat 
horizontal ceilings. On the other hand, the ne! between the 
by the preva- 
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to that of 
observable in the general di ° 
Indians and Egyptians is, that the former, like the latter, have 
generally an open or unroofed court before them (sometimes formed 
by clearing away the rock itself), leading to a vestibule, nave, and 
sanctuary, progressively dit ing in size. Neither is it uncommon 
in the excavated temples to meet with a series of small chambers along 
their sides, in ing their otherwise strong similarity of plan to those 
of The profusion of inscriptions and symbolic sculptures on 
the affords also another characteristic point of resemblance. 
Again in looking at constructive works, or edifices erected above 
ground, we can hardly avoid being struck by the prevalence of pyra- 
midal masses and forms, as exhibited in pagodas, or towers, however 
aor may be the difference in all except the general forms. One 
distinction however is, that, however highly enriched many 
Egyptian buildings may be, the mode of decoration employed in them 
is not of a kind to interrupt the simplicity of the outline, it being 
almost entirely superficial, that is, merely enriching surfaces, as a 
pattern wrought upon them would do; whereas the Hindus seem 
frequently to have affected the extreme both of massiveness and 
lightness in the same design, attaching very slender and merely orna- 
mental pillars to enormous piers, which are the real cs ae 
Buddhist Architectwre.—Of constructed Buddhist temples proper there 
are unfortunately no examples left. Topes or relique-houses, some of 
them of large size, are indeed frequent: but the only true Buddhist 
temples remaining in India are those excavated out of the solid rock. 
These subterraneous edifices, combining often, like our own medieval 
cathedrals and monastic establishments, a temple with an establish- 
ment for the attendant ecclesiastics, occur in surprising numbers, and, 
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considering their age and the fact of their having belonged to a per- 
secuted faith, they are in a remarkable state of preservation. They 
oceur, not only singly, but in groups of from ten to a hundred distinct 
excavations, and there are in all perhaps not less than fifty of these 
groups in various parts of India: nine-tenths of those now known being 
found, according to Mr. Fergusson, within the limits of the Bombay 
presidency. The oldest are considered to be those of Behar and 
Cuttack; among the most remarkable are those on the Island of 
Elephanta near Bombay, at Kennareh, in that of Salsette; those at 
Ellora near Dowletabad ; at Perwatam on the Kistna; those near the 
pass of Ajanti, and those at Carli, about 30 miles north-west of Poonah. 
Many of these excavations are of great extent, being composed of a 
series of apartments and recesses cut out of the rock. Merely as 
monuments of human labour and perseverance the works of this class 
would be astonishing, but it is their stupendousness combined with 
magnificence, barbaric and frequently monstrous, that imparts to them 
a character almost sublime. As if to imitate nature in her most 
minute as well as her grandest productions, while colossal statues and 
sculptures display themselves within these cavern-temples and on their 
walls, elaborate embellishments of detail are frequently given to the 
columns, which, as we have said, appear composed of fragments capri- 
ciously put together; what is sometimes described as a pedestal 
supporting the column, might with as much propriety be termed its 
lower portion, although square or polygonal, while the rest of the shaft 
is circular. 

The rock-temple of Carli, one of the largest and most complete, and 
one of the oldest of these excavations, will serve to give a notion of 
their general form and character: we borrow our account of it from 
Mr. Fergusson, who has personally examined and described it, and 
indeed all the rock-temples of India; and whose exact as well as exten- 
sive knowledge of European as well as Asiatic architecture, renders his 
descriptions of especial value. In plan it is much like an early Christian 
church or basilica, “ consisting of a nave and side aisles, and terminating 
in an apse round which the aisle is carried. The general dimensions of 
the interior are 126 feet, from the entrance to the back. wall, by 
45 feet 7 inches in width, from wall to wall. The side aisles, however, 
are very much narrower than in Christian churches, the central one 

“being 25 feet 7 inches, so that the others are only 10 feet wide, inclu- 
ding the thickness of the pillars. As a scale for comparison, it may be 
mentioned that its arrangements and dimensions are very similar to 
those of the choir of Norwich cathedral, or of the Abbey-aux-Hommes 
at Caen, omitting the outer aisles in the latter buildings. The thick- 
ness of the piers at Norwich and Caen nearly corresponds with the 
breadth of the aisles in the Indian temple. In height, however, Carli 
is very inferior, being only 42 or perhaps 45 feet from the floor to the 
apex, as nearly as can be ascertained. 

“ Fifteen pillars on each side separate the nave from the aisles; each 


of these has a tall base, an octagonal shaft, and richly ornamented | 


capital, on which kneel two elephants, each bearing two figures, gene- 


Entrance to the Te’ 


two massive pillars (one of which has fallen), and two pilasters, forming 
three openings, under a thick and steep rock overhung by brushwood 
and wild shrubs. “The whole excavation consists of three principal 
parts; the great temple itself, which is in the centre, and two smaller 
chapels, one on each side of the great temple. These two chapels do 
not come forward into a straight line with the front of the chief temple, 
are not perceived on approaching the temple, and are considerably in 
recess, being approached by two narrow passes in the hill, one on each 
side of the grand entrance, hut at some distance from it. After ad- 
vancing to some distance up these confined passes, we find each of 


mple at Elephanta, 


rally a man and a woman, but sometimes two females, all very much ~ 
better executed than such ornaments usually are. The seven pillars 
behind the altar are plain octagonal piers, without either base or 
capital, and the four under the entrance gallery differ considerably 
from those at the sides. These sculptures on the capitals supply the 
place usually occupied by frieze and cornice in Grecian architecture ; 
and in other examples plain painted surfaces occupy the same space, 
Above this springs the roof, semicircular in general section but some- 
what stilted at the sides, so as to make its height greater than the 
semi-diameter. It is ornamented even at this day by a series of 
wooden ribs, probably coeval with the excavation, which prove beyond 
the shadow of a doubt that the roof is not a copy of a masonry arch, 
but of some sort of timber construction which we cannot now very 
well understand.” ‘ 

The shrine of the deity, a plain cupola on a circular drum, stands 
“immediately under the semi-dome of the apse, and nearly where the 
altar stands in Christian churches.” At the opposite end under a 
gallery is the entrance, consisting of a central door, and one on each 
side leading into the aisles, Above the gallery the hall is entirely 
open, the opening looking like a great window with a horse-shoe arch ; 
and through this window the whole of the light enters. A porch out- 
side is seven feet wider than the body of the temple. It is closed in 
front by two thick octagonal pillars which support a plain mass of 
rock, but which Mr, Fergusson thinks was formerly ornamented by a 
wooden gallery, and surmounted by a dwarf colonnade or attic, and 
crowned with a cornice or some other ornament. In front of the porch 
stands the lat or lion-pillar (which appears always to have stood in 
front of the sacred buildings), which bears four seated lions, instead of 
the usual solitary animal. Of the effect of the exterior it is now diffi- 
cult to form an adequate conception, but, says Mr. Fergusson, “ the 
proportions of such parts as remain are so good, and the effect of the 
whole so pleasing, that there can be little hesitation in ascribing to 
such a design a tolerably high rank among architectural compositions, 
Of the interior we can judge perfectly, and it certainly is as solemn 
and grand as any interior can well be, and the mode of lighting the 
most perfect—one undivided volume of light coming through a single 
opening overhead at a very favourable angle, and falling directly on 
the altar or principal object in the building, leaving the rest in com- 
parative obscurity. The effect is considerably heightened by the 
closely set and thick columns that divide the three aisles from one 
another, as they suffice to prevent the boundary walls from ever being 
seen, and, as there are no openings in the walls, the view between the 
pillars is practically wnlimited.” 

The better known rock temple of Elephanta, or Goripura (the 
Mountain city), as it is called by the natives, is of later date and larger 
dimensions. It is magnificently situated, being excavated about half 
way up the side of a mountain, and in the midst of scenery of more 
than ordinary grandeur. The entrance, which is hewn out of a stone 
resembling porphyry, is by a spacious front, which is supported by 


them conduct$totanother front of the grand excavation, exactly like 
the principal front which is first seen; all the three fronts being 
hollowed out of the solid rock, and each consisting of two huge pillars 
with two pilasters. The two side fronts are precisely opposite to each 
other on the east and west, the grand entrance facing the north. The 
two wings of the temple are at the upper end of these passages, and 
are close by the grand excavation, but have no covered passage to 
connect them with it.” (Erskine.) 

From the northern entrance to the extremity of this cave is about 
130 feet, and from the east to the west side 133 feet, Twenty-six 
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illars, of which § are broken, and 16 pilasters, support the roof. 


Neither the floor nor the roof is in the same plane, and consequently 


running parallel to them tp to the southern extremity of the cave. 
The pillars on the east and west front, which have been described as like 


the height varies, being in some parts 174 feet, in others 15 feet, | those on the north side, are also continued across the temple from east 


Two rows of pillars run parallel to one another from the northern 


| to west. Thus the ranges of pillars form a number of parallel lines 


entrance, and at right angles to it, to the extremity of the cave; and | intersecting one another at right angles, the pillars of the central parts 


the pilasters, one of which we have described as standing on each side | 


being considered as common to the two sets of intersecting lines, The 


of the two front pillars, are followed by other pilasters and pillars also, | pillars vary both in their size and decorations, though the difference is 


forming, on each side of the two rows already described, another row 


not sufficient to strike the eye at first. Each column stands upon a 


square 
gradually enlarged towards the middle. The capitals exhibit that 
bulbous form which is one of the most distinctive characteristics 
of Indian architecture. Above the tops of the columns a kind 
of ridge has been cut to resemble a beam about 12 inches square, 
and this is richly carved. Along the sides of the temple are cut 
between 40 and 50 colossal figures, varying in height from 12 to 15 
feet ; none of them are entirely detached from the wall. 
these figures have on their heads a kind of helmet; others wear crowns 
with rich devices; and others, again, are without any other covering 
than curled or flowing hair. Some of them have four and others six 
hands, holding sceptres, shields, symbols of justice, ensigns of religion, 
weapons of war, and trophies of peace, On the south side, facing the 
main entrance, is an enormous bust with three faces; of which the 
central face measures 5 feet in length; the width from the ear to the 
middle of the nose is 3 feet 4 inches; the breadth of the whole figure 
is near 20 feet. To the left of this bust, amid a group of uncouth 
figures, is one (a female figure with four arms) to which Niebuhr has 
given the name of Amazon, from the fact of its being without the 
right breast. At the west side of the temple is a recess, 20 feet square, 
having in the centre an altar, upon which are placed symbols of the 
worship once practised here. The entrance to this recess is guarded 
by eight naked figures, each 134 feet high, sculptured in a manner 
which shows that the people by whom they wére executed must have 
made considerable progress in the statuary’s art. The cave is not at 
present used as a temple, nor has it any establishment of priests con- 
nected with it, although it is frequently visited by devotees for the 
purpose of offering prayers and oblations. 

The roof of the temple at Elephanta is flat; in others it is 
hollowed out so as to resemble more or less a regular vaulting. Of 
this last-mentioned kind is the temple of Kennan or Canarah, in 
Salsette, which is exactly on the same plan as that at Carli, and the 
principal object or idol is alike in both, consisting, as Moor describes 
it, “of a vast hemisphere of stone resting on a round pedestal of 
greater diameter having its convexity surrounded by a sort of canopy 
or umbrella of peculiar construction.” The ground-plan of an arched 
temple of Buddha at Ellora is exactly similar, but there is here a figure 
of Buddha himself in front of the cylindrical pedestal and characteristic 
umbrella ornament just mentioned. The temple at Salsette Mr. Fer- 
gusson is inclined to reckon among the latest of the Buddhist edifices 
of this class, regarding it as a copy of the temple at Carli, and as late 
in date as the 9th or 10th century of the Christian era. 

The Buddhist rock-cut monasteries are much less rich in detail than 
the temples. They consist of a central hall, around which are nume- 
rous plain cells for the priests of various grades. There were places for 
private devotion; the public worship and more imposing ceremonies 
were performed in the temples. The oldest of these caves occur at 
Behar, in the Bengal presidency, but they are quite unornamented, 
At Cuttack is one known as the Tiger Cave, from the exterior being 
carved into the form of a tiger's head, the entrance being through the 
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Temple of Elephanta. 


pedestal and is fluted, but instead of being cylindrical is | 


| 


animal’s open mouth, Another in the same neighbourhood is dis- 
tinguished by being two stories in height, and having a verandah 
carved along the whole extent of its front. Dr. Impey has published a 
full account of a.series of Buddhistic caves at Koolvee, in Central India, 
which are “ cut literally round the circumference ” of a hill, and are in 
all about fifty in number. Among them are six dagobas (or relic- 
chambers), connected with each of which is a shala, or hall of assembly, 
and a larger cell for a superior priest. Two only of the caves are 
supported by pillars, and these are each 32 feet by 24 feet. One of 
these caves is subordinate to a dagoba, which stands in a court-yard in 
front of it, flanked by an erect colossal figure of Budh, in the attitude 
of expounding; and the other to a seated image of Budh, which is in a 
cell opposite the porch flanked on either side by diminutive dagobas in 
relief.” The figures are of rude execution, and much defaced and 
weatherworn. The inferior cells are all small in size and quite simple 
in plan. 

The walls of the larger chambers of some of these rock-monasteries 
are profusely decorated with paintings of religious and historical sub- 
jects, executed in fresco or distemper, portraits of Buddha and Budd- 
hist saints covering the pillars, and the roofs being at the same time 
painted with scrolls and other architectural designs. In many places 
these paintings have been destroyed by the effects of damp, or by the 
hand of man, but at the Ajunta and elsewhere they “ remain nearly com- 
plete, and as fresh as the day they were me A competent artist, 
Capt. Gill, of the pr «be Service, has been employed for some 
years in copying these.” eir publication would doubtless, as Mr. 
Fergusson remarks, throw light not only on the “ manners and customs 
of India more than a thousand years ago, but illustrate also to a 
considerable extent the form and ordinance of the buildings they 
adorn.” Dr. Impey (‘Journal of the Royal Asiatic Society,’ Bombay 
Branch, July, 1856,) describes a series of historical and mythological 
paintings on the famous caves of Bagh in Rath, on the Nerbudda, 
which still extend above 220 feet in length. The paintings are in a 
double row, one set above the other, the figures being about the natural 
height, The designs are very varied, and display no little skill. “The 
surface extent of the work thus elaborately depicted must have been 
at least 3000 feet.” They appear to be not later in date than the 5th 
century, A.D. 

The other Buddhist religious edifices have been all classed under the 
general term 7'opes. They consist of detached pillars and towers, and 
of buildings, usually circular in form but always surmounted with a 
dome. The pillars are the oldest. All that remain in India proper are 
monoliths, but there appears to be little doubt that built pillars did 
formerly exist; and Mr. Fergusson, who adduces two such pillars as 
still standing among the topes of Cabul, thinks that their destruction 
is “ sufficiently accounted for by the ease with which they could be 
thrown down and their materials removed, when they had lost the 
sanctity by which alone they had been protected.” Of these monoliths, 
or lats, the oldest known were @ » by Asoka about 250 B.0., and 
bore inscribed on them the Buddhist creed. Three of them are still 
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standing near the river in Tirhut, and are each surmounted by a seated 
lion. One which has been removed and set up on a pedestal at 
Allahabad, is 47 feet high, and the shaft is 3 feet in diameter at the 
base, diminishing to 2 feet 2 inchés at the summit. It is noteworthy 
that “the necking immediately below the capital represents, with con- 
siderable ity, the honeysuckle ornament of the Assyrians.” 
(Pensasn)-’ ey were most probably always erected in front of 
and sanctuaries, where some are still found. 


cupola. In size vary from a few feet up to 150 or 200 feet in 
diameter. The great Sanchi Tope, near Bhilsa, the finest and most 
in India, serve as an example of this class of buildings. 


projection of 54 feet from the base of the 
ig, and a slope of 24 feet. The plinth or basement formed a 
for the perambulation of worshippers of the enshrined relic ; 
for on the right pillar of the North Gateway there is a representation 
of a tope, and of two worshippers walking round it with gar! i 
their hands, The terrace was reached by a double flight of steps to 
the south, connected by a landing ten feet square. The apex of the 
dome was flattened into a terrace 34 feet in diameter, surrounded by a 
stone railing of that style so peculiar to Buddha monuments, that I 
will venture to call it the Buddhist Railing.” This terrace formed 
the basis of the tee or capital (a square box-like ornament probabl 

intended to serve as a relique-case or a symbol of one) wi which 
these structures were always crowned. “The total height of the 
building, including the cupolas,” continues Major Cunningham, “must 
have been upwards of 100 feet. The base of the tope is surrounded 
by a massive colonnade, 1444 feet in diameter from east to west, and 
1614 from north to south.” The entrance is by four gateways, each 
formed by two square pillars, 18 feet high, covered with carvings, and 
crowned with elephant capitals. These support three elaborately 
carved lintels slightly curved upwards in the centre, and terminating 
in Ionic scrolls and surmoun' 


the sy token he oh beetncrrie in re 
ith respect to the and arrangement of the topes, it wi 
be en to quote what Major Cunningham says of those of Bhojpur : 


Adindth, or to the relics of the mortal Buddha, Sékya. This view is 
borne out by the facts that the largest tope contained no deposit; 
and that the second and third sized Topes yielded boxes, one of 
which, shaped like a tope, contained only a minute portion of human 
bone smaller than a pea! The second rate topes, sixteen in number, 
on the second stage. According to my view, these topes con- 
tain the ashes of those who had reached the rank of Bodhisatwa. We 
discovered relics in five of these topes, but there were no inscriptions 
of any historical value. The third stage of the hill is occupied by 
seven small topes, all of which I suppose to have been built over the 
remains of the third grade of Pratyeka Buddhas. Of the eight topes 
id on the lowest stage of the hill, one is mach larger than 
any of those on the third stage. These topes were, I believe, built 
over ashes of the lowest grade of the Buddha community, the 
Very splendid examples of Buddhist tompl 
id examples of Buddhist temples, topes, an d dagobas occur, 
at iAtiaethApsors, the ancient capital, and in ae ae places in 
the island of Ceylon. These, from their having escaped the destructive 
hand of adverse religious bodies, serve to elucidate m any interesting 
in the history of Buddhist architecture which the remaining 
monuments of the peninsula leave in obscurity. Our space will not, 
however, allow us to notice them here: they will be found described 
in the works of Mr. Fergusson and Sir Emerson Tennent. In Burmah 
also occur ee costly Buddhist ot gad of them’ on a scale 
+ magnitude, as the great of Pegu—a comparativel 
ern structure—the diameter of whose base is 395 feet, while its 
height is 331 feet above the artificial terrace on which it stands, At 
Java again are several vast Buddhist temples, as that of Boro Buddor, 
which is a square nine-storied many-pinnacled pyramid, the base of 
which is 400 feet across. In style, however, these last are far more 
barbaric than the older buildings of Hindustan, 
Based on the Buddhist style, but much more highly ornamented, are 
the temples erected by the Jainas, the great sect which sprang up at 
the decline of the Buddhists. [Jarvas.] Some of these temples are 


a 


distinguished alike by chasteness, s etry, and beauty of design, and 
by rich and exquisite finishing. That at Ajmeer, in Rajpootana, is 
remarkable for the elegance and slenderness of its columns, so very 
different in their character from those in the excavated works, and 
which seem therefore to indicate a totally different period of art. They 
are about forty in number, and partake somewhat of a candelabrum 
shape, although no two are exactly alike. The ceiling is highly 
enriched with square panels or coffers, containing others in the form of 
lozenges, enriched with foliage and sculpture, in style not very much 
unlike the cinguecento of the Italians. This temple is surrounded by a 
superb screen of Saracenie architecture, assigned by Tod to the first 
dynasty of the Ghorian Sultans. The same writer dwells upon the 
analogy observable between the details of the columns in this temple 
and the ornaments of Gothic buildings; and it would hardly be 
fanciful to designate Jaina architecture the Decorated Buddhist style. 
Some of the oldest and finest examples of the style are found about 
Mount Abu in Gujerat, but they occur over a wide space, though often 
altered, like the temple at Ajmeer, by Mohammedan additions. The 
temples appear always to include a sanctuary, lighted only from the 
door, and terminated upwards by a pyramidal spire-like roof. In this 
chamber is placed a seated figure of the saint to whom the temple is 
dedicated ; and attached to it is a spacious portico, which is sometimes 
surmounted by a cupola. These porches are often extremely rich in 
ornamentation : that of the temple of Vimalah Sah at Abu (described 
and figured by Mr. Fergusson) has 48 elaborately carved columns ; yet 
the exterior of the temple is perfectly plain. The Jainas were the 
first to erect hollow cupolas in India, those in the Buddhist topes being 
all solid. The cupolas of the Jaina temples are formed by placing the 
stones so as gradually to project one beyond the other, the apex being 
closed by a circular key-stone. The ‘principle therefore is that of a 
horizontal or vertical instead of a radiating pressure, and the edges of 
all these projections being rounded off, the spectator sees, on looking 
up, a vaulf composed of gradually diminishing circles or annular 
courses of masonry. Brackets and struts are occasionally employed 
with great skill to assist in bearing the superstructures, According to 
Mr. Fergusson, some of these Jaina cupolas are “the most exquisite 
specimens of elaborate roofing that can anywhere be seen.” Usually 
the octagonal cupolas are carried on eight thick pillars; but the 
base is always made square by the addition of four other pillars at 
the angles; while in smaller buildings two more are added on each face, 
making twenty in all. “Sometimes, however, the same system of 
aggregation is carried on till the number reaches fifty-six, which is the 
largest number I ever saw surrounding one dome; but any number of 
these domes may surround one temple, or central dome, and the 
number of pillars consequently be multiplied ad infinitum.” (Fergusson.) 
The variety, picturesqueness, and splendour of effect, and the rich 
play of light and shade, thus produced, however impure the style of 
architecture may be in itself, can readily be imagined. Many of the 
most superb of the Jaina temples have been converted into Mohammedan 
mosques, 

The Jainas appear to have also wrought out cave-temples; among 
others the Subba caves of Ellora have been attributed to them; but 
there is nothing in their works of this class sufficiently distinctive to 
call for a particular description. 

Following their Buddhist predecessors, the Jainas showed a great 
partiality for erecting towers; and their towers, though less sub- 
stantial, were little less rich than their temples. Few of them however 
are left now. Two of them still stand within the fort of Chittore. 
The older and smaller is of the 10th century, a.D.; the larger is of 
the 15th. This last is 30 feet wide at the base; 120 feet high; 
and is formed in nine stories, the whole being covered with archi- 
tectural and sculptural ornament. The body, or shaft, of the tower 
is smaller than the base, but it swells out again towards the summit, 
which is surmounted with a small dome, and which was probably 
crowned with a tee. It is fully described and figured in Mr. Fergusson’s 
‘ Illustrations 9f Indian Architecture,’ and ‘ Handbook of Architecture.’ 
This clads of dagoba is the immediate prototype of the Chinese nine- 
storied pagoda. t 

Brahman Architecture is best studied in the temples of Southern 
India. In Northern India the style is a good deal varied and less pure. 
What may be considered as the normal type of a Brahman temple con- 
sists of the vimana, a tower square in plan and pyramidal in form, 
built over the sanctuary or cell in which is the image or emblem of 
the god; a mantapa, or porch, placed before the principal entrance to 
the sanctuary; gopuras, or pyramidal gate towers, which serve as 
entrances to the enclosures in which the vimanas are placed; and a 
choultrie, or spacious pillared hall. 

The Vimana, or inner temple, has a perpendicular base of granite or 
stone, which is always decorated with pilasters, niches, and other 
architectural ornaments. From this rises in distinct stages the 
pyramidal roof, usually constructed of brick and covered with stucco, 
and crowned with a small dome-like termination, evidently borrowed 
from the older Buddhist builders. The most splendid example of one 
of these buildings is the pe temple at Tanjore, from the annexed 
representation of which their general character may be -understood. 
The base of this temple is 82 feet each way, and the pyramidal roof 
rises in 14 stories to a height of about 200 feet. , 

The porch, or Mantapa,is in plan usually similar to the temple itself, 
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has a door on each of the four sides, and a pyramidal roof, but much 
“lower than the roof of the temple, unsupported by pillars, and without 


se 
* we 
Temple at Tanjore, 


acrowning ornament. Placed against the door of the cella, the mantapa 
effectually excludes the light of day from the sacred chamber, which 
consequently is lighted only by lamps. 

The Gopuras, or gate-pyramids, which give entrance to the rect- 
angular court which encloses the temple, are usually proportioned in 
size and number to the length of wall which surrounds the court. 
Some of these gateways are much larger than the temples to which 
they are appended, and the entire surface of many of them is covered 
with ornament. One at Combaconum is 12 stories high. In form 
they are similar to the vimanas, except that they are not so deep as 
they are wide, and they are always pierced with a doorway occupying 
from a fourth to a seventh of the whole width. 

“ By far the most extraordinary buildings connected with these fanes 
are the pillared’colonnades or Choultries, which occupy the spaces 
between the various enclosures of the temples. They are of all shapes 
and sizes, from the little pavilion supported on four pillars up to the 
magnificent hall numbering a thousand. Their uses too are most 
various ; in ancient times they served as porches to temples; some- 
times as halls of ceremony, where the dancing girls attached to the 
seminary dance and sing; sometimes they are cloisters, surrounding 
the whole area of the temple; at others ewinging porches, where the 
gods enjoy at stated seasons that intellectual amusement. But by far 
their most important application is when used as nuptial halls, in which 
the mystic union of the male and female divinities is celebrated once a 
year. Those dedicated to these festivals sometimes attain an extent of 
1000 columns, and are called in consequence halls of 1000 columns, 
though they do not in all instances make up this complement.” (Fer- 
gusson.) The pillars are in most instances composed of granite, and 
covered with sculpture from the base to the capital, every pillar being 
usually unlike the others in the details, though similar in general 
character and dimensions. The effect of many of these halls is very 
impressive. 

As an example of the style of southern Hindustan we may refer to 
the small but very elegant temple at Bareilly, asa structure of most 
complicate and exquisite workmanship. Although placed within an 
area about 250 yards square, the body of the temple, or sanctuary 
(mindra), over which rises a pyramidal sikr, or roof, is only 21 feet 
aquare, but the addition of the domed vestibule (munduf) and the pro- 
jecting portico composed of four superb columns makes the Shale 
44 feet by 21. The ceilings are elaborately worked, and that of the 


portico consists of a single block, Facing this temple is another 
splendid edifice, called the Sé ri, or Nuptial Hall, a square of 
about 40 feet, with a double range of pillars on each side forming open 
colonnades, Its sikr is the frastum of a pyramid, each stone of which 


is Slapnatly carved, and gradually decreasing in size to the kullus 
or 


After the introduction of the Saracenic architecture by the Moham- 
medan invaders, the Hindu architects adopted in their secular buildings 
many of the features of the new style. Some of the palaces con- 
structed under this foreign influence are extremely picturesque, as 
the palace of Madura, commenced in the early P neva the 17th 
century. Butthe decline of Hindu architecture was forth rapid ; 
innovations of all kinds were introduced, and the native barbaric 
magnificence, originality, and piquancy were lost, without being -re- 
placed by western purity, simplicity, or taste. ‘ 

» The Mohammedans at first, it is evident, were led to imitate much 
both of the general forms and the details of the ecclesiastical archi- 
tecture of the people they had conquered. But they brought with 
them the principle of the arch, and with it a different and more 
style of construction. They never wholly abandoned the forms they 
had adopted from the Hindus ; but they so modified and applied them 
that ultimately their style became rather a variety of the true Saracenic 
or Moorish style than of either of the styles of India. Hodges, who 
has carefully studied the original buildings, indeed refers us to the 
mosque at Chunar Gur, on the Genge®, as a proof of the “ 
similarity of the architecture of India brought thither from Persia by 
the descendants of Timur, and that brought into Europe by the Moors 
of Spain.” “ All the minuter ornaments,” he says, “ are the same, the 
lozenge square filled with roses, the ornaments in the spandrels of the 
arches, the little panellings and their mouldings; so that a person 
would almost be Jed to think that artists had arrived from the same 
school, at the same time, to erect similar buildings in India and in 
Europe.” This is, however, too strongly put, and is contradicted by 
the details of his own plates. There are, in truth, many features in 
the Mohammedan architecture of India which stamp it as distinct 
from the Moorish style of Europe. [Saracenic ARCHITECTURE. ] 
Among these are its numerous bulbous domes, which are frequently 
applied even to minarets, and the projecting galleries given to these 
latter, to which may be added the use of very projecting baleopies, 
supported on massive cantilevers or consoles. One of the most splendid 
examples of this later style is the celebrated Taje Mahal, near Agra, 
erected by Shah Jehan as a mausoleum for his wife in the 17th century. 
“Tt stands,” says Bishop Heber, “ in a square area of about 40 
acres, enclosed by an embattled wall with octagonal towers at the angles, 
surmounted by open pavilions, and four very noble gateways of red 
nite, the principal one of which is inlaid with white marble, and has 
our high marble minarets. The space within is planted with trees and 
divided into green alleys leading to the principal building, which is a 
sort of solid pyramid surrounded entirely with cloisters, galleries, and 
domes, diminishing gradually till it ends in a square platform of white 
marble, surrounded by a most elaborate lattice-work of the same material, 
in the centre of which is a small altar-tomb, also of white marble, 
carved with astonishing delicacy and beauty.” The cost of this tomb 
is said to have been 750,000. An equally celebrated but inferior work 
of this class is the mausoleum of Hyder Ali at Seringapatam. 

Next to the tombs, perhaps, as characteristic of Mohammedan archi- 
tecture in India, are the mosques, some of which are of considerable 
magnitude and magnificence, In the gateways, which are made a 
striking feature, the Moorish arch inclosed within a square-headed 
panel is applied with excellent effect. In the mosques themselves 
there is often a great multiplicity of hemispherical or bulbous domes, 
The mosque at Mandu, the t mosque at Delhi, and the pearl 
mosque of Shah Jehan at p= are very beautiful examples of 
Mohammedan temples, Some of the minarets are highly enriched and 
of unusual dimensions; that of Kootub is 48 feet at the base and 242 
feet high, though it has lost its capital—being only exceeded among 
Mohammedan buildings by the minaret of the mosque of Hassan in 
Cairo. 

Still more splendid are, or were, the palaces, which are in some 
instances of prodigious extent, finished in a style of unbounded luxu- 
riance, full of fanciful and admirably-executed ornamental details, and 
unquestionably picturesque in appearance. Among the most superb 
are those of Agra, Allahabad, Lucknow, and Delhi. 

INDIAN FIRE. A brilliant white signal-light, produced by burn- 
ing a mixture of 7 parts of sulphur, 2 of realgar [AnsEnic], and 24 of 
nitre. 

INDIAN INK. {Lyk 

INDIAN RUBBER, [Caovurcuove,] 

INDIAN YELLOW. [Cotovurtva Marrers,] 

INDIANS. [Norra American Iyp1ans,] 

INDICAN. [Ixpico.] 

INDICATOR. The word indicator is used, generically, in mechanical 
engineering, to designate any contrivance by means of which it is 
possible to calculate the force exerted by the intervention of a machine; 
but it has of late years been almost cqv ag Acoma to the instru- 
ments by which the pressure of steam in the cylinder of a steam-engine 
is registered throughout the whole of its duty, or by which the amount 
of vacuum or exhaustion attained by the use of the air-pump and con- 
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interior of the cylinder, or with the vacuum), the difference between the 


pressure of the around the cylinder, and the pressure within 
the cylinder, at every of the up pe panties of the piston, for 
that end of the cyli to which the indicator is attached. In order 


upon the rod of the indicator 
the latter in the centre of its 
atmosphere and of the vapour in 
another, In rtion as the 


Opposi' 
heed pens top rahe! omega tac ae rea 
+ spring cylinder, and an index pointer on a scale attached to the 
side of the slot the pressure acting upon the piston. The description 
and use of this instrument are well explained in Hann and Gener’s 
book, above quoted, entitled ‘ The Steam Engine,’ 1854, &. &c. 
INDICTION; CYCLE OF INDICTION. ([Pertops or Revo- 
LUTION. 
INDICTMENT is a written accusation of one or more 
misdemeanour j 


of a 
or presented by a i 


e sheriff 


IGESTION. [Dysrersra.] 

INDIGO. This well known colouring matter is a product of the 
vegetable kingdom, being derived from the cellular tissue of the leaves 
of certain plants, For the names and habitats of these plants, see 
Inpicorera, in Nat. Hist. Drv. 
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what after the following plan. The recently cut plants are placed in 
a. stone cisterns, called fermenting vats, or steepers, and covered 
with water; fermentation soon commences, large quantities of gas rise 
in bubbles to the surface, and the whole mass becomes covered with a 
copper-coloured scum. After about fifteen hours fermentation ceases, 
and the liquor is then run off into another vat placed on a lower level. 
Here it is brought well into contact with the air by beating with 
wooden paddles for about an hour and a half. During the beating the 
contents of the vessel darken in colour, and the indigo separates out in 
flocks; these are allowed to subside, heated to boiling to effect the 
removal of certain impurities, then collected on woollen strainers, and 
finally pressed, dried, and the mass cut up into blocks for sale. At 
some places the plants are, after cutting, spread out to dry in the sun, 
it being su that a better quality of indigo is thus obtained. 

Indigo is usually met with in commerce under the form of cubical 
masses or cakes, which are brittle and of characteristic colour, a colour 
that ranges from a deep blue containing a little purple, to a dark purple 
containing a little blue. When burnished it acquires a beautiful, 
glowy, copper tint. It is generally thought that its specific gravity 
should be less than that of water, though the method of preparation 
and adulteration with foreign matters often cause it to weigh more 
than an equal bulk of that liquid. Many methods for estimating the 
absolute amount of colouring matter—indigatin—in a specimen of 
indigo have been proposed, but they all require experience in chemical 
manipulation for their accurate: performance : they will be found de- 
scribed in the various analytical text-books, 

The great value of indigo as a dyeing material, and the enormous 
extent to which it is used, have procured for it a large share of the 
attention of scientific chemists. The result is that its application as a 
pigment has been greatly extended, and many important and inter- 
esting derivatives obtained from it. The following list will exhibit at 
a glance the relations which the chief of these derivatives bear to each 

er. Starting with pure indigo itself (indigotin), which may be 
looked upon as a ane radical, and which we may represent by the 


symbol (In=indyl), we have :— 
Indigo-blue . . + «C,,H,;NO, = In 
White indigo . C,,H,NO, = In,H 
Sulphindigotic acid. . . C,gH,NO,,8,0, = In, 8,0, 
oe . C,,H;NO, = In0, 
Isatic acid Fy | carve yg HIgntO | = HO, Ind, 
Isathyd . . «. « C,,H,NO, = In0,H 
Kein ott Se SOL NG NLOE”. | al Ing 
Hydrindn. . . .Cy,H\,N,O, = IngH 


Indigo-blue or indigotin (C,,H;NO,), may be obtained in a very 
beautiful form by mixing commercial indigo with about half its weight 
of plaster of paris and sufficient water to make a thick cream; this is 
evenly spread over an iron plate so as to form a stratum about one- 
eighth of an inch in depth, and set aside to dry. A spirit or gas flame 
is then applied to the under surface of the plate when the indigo sub- 
limes out from the mixture and condenses in brilliant little purplish- 
brown crystals, on that part of the plaster immediately over the source 
of heat. By gradually moving the lamp the indigo is sublimed in 
successive onde gs that readily admit of being removed by a spatula 
from the cement below. Indigo-blue thus produced is very 
beautiful, but not pure. To obtain it in the latter state, it is necessary 
to dissolve it in a dilute alkaline solution, and as indigo itself is not 
soluble in such a menstruum, it is brought into intimate contact with 
some substance that is capable of furnishing hydrogen to it, hydride of _ 
blue indigo beiug thus formed which is quite soluble, One of the best 
methods of accomplishing this is the following. Four parts of indigo 
in ‘powder, four parts of grape sugar, and ten parts of a saturated solu- 
tion of caustic soda, are placed in a flask of such a size that it will 
hold about twenty times the volume of the mixture. The vessel is 
now agg ge boiling alcohol, well stoppered, briskly agitated, and 
set aside. e liquid soon becomes clear, and is then poured out into 
shallow vessels and exposed to the air, when it rapidly absorbs oxygen 
and deposits crystals; these when washed, first with alcohol and then 
with hot water, form perfectly pure indigo blue. 

Indigo-blue is a neutral body, tasteless andinodorous. It is insoluble 
in water, alcohol, ether, oils, dilute acids, or alkalies. It fuses and 
sublimes in purple-coloured vapours at about 550° Fahr.; at a higher 
temperature it is decomposed, hydrocyanate and carbonate of ammonia, 
aniline, and an empyreumatic oil beingsamong the the volatile products, 
while much carbonaceous residue remains. 

White.Indigo, Indigogen, or (improperly) Reduced Indigo (C,,.H,NO. 
=C,,H,NO,,H) isa combination of hydrogen with indigo blue, an 
may be pre} by several processes : all of which, however, depend 
upon the deoxidising effect they have upon water, the hydrogen of that 
compound being thus furnished to the indigo. Grape sugar is such a 
deoxidising or hydrogenising agent, and if to the dilute alkaline solu- 
tion (already referred to in the description of the method for obtainin 
pure indigo blue) there be added acetic acid, dirty white flocks o 
indigogen are precipitated. White indigo is insoluble in water, slightly 
soluble in alcohol and in ether, and when exposed to the air rapidly 
absorbs oxygen, forming water and indigo-blue. 
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The solubility of white indigo in a dilute alkaline solution, and the 
insolubility of blue indigo in a similar menstruum, are facts of great 
interest and importance, as on them depend the use of in the 
arts of dyeing and calico-printing. eo er than 
Sets calele of Seen, pieieehacite 
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vegetable matter ; lime sometimes replacing the alkali. For details o 
oS ee eet Se ness 
and Drerye. 


Sulphindigotic acid, or Sulphindylic acid (In,8,0,=Cyopq NO8,0,) 
One equivalent of hydrogen in this compound is replaceable by an 
equivalent of metal, forming salts called sulphindigotates or sulph- 
indylates. Sulphindigotic acid is formed by dissolving commercial 
indigo in six times its weight of fuming or Nordhausen sulphuric acid. 
The is known as Saccony blue, and is extensively used in cloth 
dyeing ; it contains another acid named hyposulphindigotic acid, and 
the greater part of the residue from its preparation consists of sulpho- 
purpuric or sulphophenicic acid (2C,,H,NO,,8,0,). By the decompo- 
sition of these sulphuric derivatives of indigo thére are Peepers 
sulphoviridic, sulphoflavic, sulphofulvic, and sulphorufic acids : they huve 
been but little studied. 

Ieatin (C,,H,NO,), a substance obtained from indigo by the addition 
of two equivalents of oxygen. 


C,,H,NO, + O, = C,,H,;NO, 
uN — 
Indigo-blue, Isatin. 


In order to prepare it, powdered indigo is to be mixed in water with 
equal of sulphuric acid and bichromate of potash, the last being 
dissolved in 20 or 30 parts of water. The indigo dissolves, and at first 
without the extrication of v= Garaysn matter, but towards the end 
with the disengagement of carbonic acid gas, and the formation of a 
deep yellowish brown liquid, from which the isatin separates by evapo- 
ration, in ‘crystals ; these are purified by repeated crystallisations in 
water, and one and the last in alcohol. Nitric acid may be used in the 

lace of chromic for oxidising the indigo, but if too concentrated, 
igotic acid (nitrosalicylic acid) results. 
properties of isatin are :—It crystallises in prisms, which are of 
a yellowish red or deep aurora-red colour, possessing much splendour 
when deposited from an alcoholic solution ; they are slightly soluble in 
cold water, but dissolve reodily in boiling water and in alcohol; these 
solutions discolour the skin, and impart a disagreeable odour to it. 
The crystals are decomposed by heat, leaving a charcoal which it is 
difficult + Remap the proce 54 re. it into isatic acid. 
Fused with solid hydrate of po! it is mposed, aniling being 
produced according to the following equation :— 


C,,H,NO, + 4(KOHO) = C,,H,N + 4(KO,CO,) + H, 
+H u-_—Y 
Isatin. 


Chlorine and Bromine derivatives of Isatin—One or two atoms of 
hydrogen in isatin may be replaced by one or two atoms of chlorine or 
bromine, and the following compo formed ;— 


Aniline, 


Chlorisatin =.» 5 +s Cig tNO, 


Dichlorisstin. 2 5 + + CaqiNO, 
Bromisatin : » C,gh# NO, 


Dibromisatin Bhs ©1653,NOs 


These compounds greatly resemble isatin, both in appearance and in 
all their reactions, The chlorine derivatives are produced by the 
action of chlorine upon indigo, and 
alcohol, chlorisatin being less soluble in that liquid than dichlorisatin, 
The-bromine derivatives are obtained in a similar manner from indigo, 

bromine instead of chlorine. 


Teatic acid (C,,H,NO,=HO,C,,H,NO,). Isatin dissolves in potash 
with a deep parr e colour, which becomes bright yellow by heat. The 
solution yie | eva ion a crystalline salt of potash, which is 
solubie in alcohol, and crystallises in small, hard, colourless prisms. 


When a solution of this salt is mixed with one of ‘acetate of lead, a 
white precipitate is obtained, which, diffused in water and decomposed 
by hydrosulpburic acid, yields a colourless acid liquid, and this by 
spontaneous evaporation furnishes a white and scarcely crystalline 
powder, which is hydrated isatic acid. 

The properties of isatic acid are as follow :—It is perfectly insoluble 
in cold water; but when heated in water, it is decom into isatin 
and water, the mixture becoming of a reddish yellow colour: the 
soluble isatates act in the same manner with the mineral acids; when 
they are added to it cold, no decomposition is apparent; but as soon 
as heat is applied, the mixture becomes yellow, and deposits crystals 
of isatin. 

Isatate of potash gives a white precipitate with barytic aalts, soluble 
in boiling water; with the salts of silver it gives a white precipitate, 


separated by crystallisation from | sulph' 


— 
0,C,,H,NO,). 
Ohlori 1 Bromine derivatives of Jeatic Acid —T 


Chiorisatic acid =. =. e+ Cy gH gClNO, 
Dichlorisatic acid . «+ » « CygH,ClgNO, 
Bromisaticacid . «. «» « CigH,BrNO, 


Dibromisatic acid . . 


/ 
They are respectively produced by the action of potash upon chlori-— 

satin, dichlorisatin, bromisatin, and Ciienaidintin: the potash salt of 

the acids being thus formed, and this, by double decom on with 

the soluble salts of other bases, furnishes the several ’ 

of these acids, i F: 
Ammoniacal Derivatives of Isatin.—Ammonia acts upon isatin, giving 


. + C,4H,Br,NO, ' 


— 
am) 


rise to bodies that differ from each, according as the circumstances ~~ 
under which they are brought into contact. They all contain the ele- a 

ments of isatin, plus ammonia (NH,) and minus water (HO). Their 

relations to each other are best shown by formulating them the 

ammonia , or upon the hydrated oxide of ammonium type,as 
follows, in which blue indigo—that is, the radical indyl (C,, = 
is represented by the signs (InIn or In,). ~ 
In an 
Imesatin . .° » C,,H,N,O, = x} is ae 

H Fa bee 
Imasatin . s CygH,,NyOpm “ined = i 
Isamic acid =. CygHy gNgO,= NUaltad io} ‘pie 
Tsamide. «++ CggH,N,O,= NIDsTO em 
NIn,0- ae 

Isatimide . , —. C,,H,,N,0,= yineto} ~ 


Each of the chlorine and bromine derivatives of isatin gives risetoa __ 
similar class of bodies, in each of which, of course, isatin is replaced by _ 
the chlor or brom derivative, fe 


Tmesatin is obtained in colourless prisms on acurrent of dry 
ammoniacal gas through a solution of inthe tn ebolate sane 
Imasatin a Aa yan when a solution of isatin in ammonia is main- 


tained for a short time at the boiling point. It crystallisesin lamellar -—— 


ae 


oF Ane aL nee eee a ene 


en cally attacks acid, produ a yellow body termed 
pare mesg Isamide, or plies Hoge. | when isamate of ammo- 
fouaell = 


There appear, 


J it time, isatilime 
(C,,H,,N,0,0), containing three atoms of aa of ammonia, 


minus two of water; and amisatin ( ), represented by six 
atoms of ie Ne five of ammonia, minus six oy water. by 
Tsathyd (C,,H,NO,=C,,H,NO,, H).—This body may be viewed as 
the hydride o' the same relation body that white 
does to blue. It is best by placing isatin in a flask 


with zinc and dilute sulphuric acid. Tiss 

insoluble in water and aye 

current of sulphuretted hy: through the alcoholic sol: 
physathyd (C,,H,NO,8,) is formed, a body in which two 

phur replace two of the oxygen in isathyd. On adding solu! 

potash drop by vga they an alcoholic solution of bisulphisathyd, 
atom of sulphur is substituted by one of oxygen, Lear aga is 
produced, By the action of hydridising agents chlorine 
and bromine derivatives, corresponding chlor a ee isathyds are 


obtained. 

Tsatane (C,,H,,N,0,) is a white powder, formed when bisulphisathyd 
is boiled with bisulphite of ammonia, It contains the elements of two. 
molecules of isathyd, less two atoms of oxygen. 

Indin is prepared by the action of potash on sulphisathyd, the alkali 
being subsequently removed by hydrochloric acid. It is pulyerulent, 
ofa ae, Se deep rose-red colour, insoluble in water, and 
soluble in alcohol and ether. When heated, it begins to swell as soon : 
as it melts. It yields a substance which ises in needles, and 
much charcoal remains. Boiling nitric acid decomposes it, altering its 
colour slightly, red vapours are formed, and nitrindin(C,,H,(NO,)N,O,) 
is produced, If the ebullition be continued, the new product is also — 
decomposed, and disappears, Sulphuric acid dissolves indin, assuming _ 
a red colour, and water precipitates it from solution unaltered ; bromine 
se it violet. Ammonia has rd aie on indin, but potash attacks 
it under certain circumstances. It is polymeric with blue indigo, and 
its probable composition is (C,,H,,N,0,). d . 


i 


: 
lf 


yi 
& 
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ini in combination with potash, yielding black 
crystals, by the continued action of the alkali upon indin; the indinate 
is readily decomposed by water, and still more easily by 
3 aleohol dissolves a little of it, but by long washing decomposes 
In the air it becomes of a light rose colour. Its composition 


ie ant Srtestns, Viriesfion ah elie deh prodsen’ by the 
i corresponding derivatives of isathyd. 

Hydrindin (C,,H.N,O, + 2Aq.) appears to contain the elements of 

it occurs ip small white prismatic crystals, and 

acting upon indin with an alcoholic solution of potash. 

The reaction also gives rise to flavindin,'a body forming pale yellow 


i compounds, this group, belonging 
Serres, consists of a number of bodies derived exclusively from indigo, 
under which the dividual members of this group will be found 
iescribed F ‘a ae 


perchlorokinonpicric acid, and aniline, can be obtained 
indigvutic compounds; but when once thus broken up, no indigotic 


IGOTIN. [Ixp1co.] 
INDIN. [Inp1co. 
INDINIC ACID.  [Ixp1co.] 
INDUCEMENT EADING.] 


INDUCTION (éraywyh), as defined by Archbishop Whately, is “ a 
kind of Rl gmt eager eng 
ing one or more individuals of that class.” 


investigating partic 


general analogy f 
the object matter of any real science; 3. A formal illation of a 
universal from the individual, as legitimated solely by the laws of 
thought and abstracted from the conditions of any particular matter. 
these operations is the inductive method of Bacon, 
means of rejections and conclusions, so as to arrive 
at those axioms or 


peration. 
at all; since the conclusion is 
ise, for the some of the an 


z 
F 


problem 
understanding. The third alone is a ee of logic; for 
a things: but peat mn of thought under 
ich*the mind conceives them; the logical inference is not 
i by any relation of causality between the premise and 
ion, but by the subjective relation of reason and consequence as 
involved in the it. The inductive process is exactly the reverse 
of the deductive; for while the latter proceeds from the whole to the 
part, the former ascends from the part to the whole: since it is only 
under the character of a constituted or containing whole, or as a con- 
stituent and contained part, that anything can become the term of 


logical argumentation. Of these two processes, Sir William Hamilton 
gives the following figures :— j 
Induction, Deduction, 
XY Zare a, Bis A. 


X ¥ Zare whole B, 
.. Whole B is A, 


X ¥ Z are under B, 
«. XY Zarea. 


& 


This confusion of material and logical induction led Gillies and 


induction ; while Campbell and Dugald Stewart, who totally mistook 
all logical inference, yet rightly maintained diffe- 


Aristotle, induction and deduction are viewed as in certain 

similar in form; but in others as diametrically opposed, the 
latter being an analysis of the whole into its parts, by descending from 
general to the more particular ; but the former descends by 
a synthetical process from the parts to the whole. The logicians, who 


misapprehended the nature of induction, reduced it to a deductive 
pres of the third form, and thereby overthrew the validity of all 

eduction itself, since the latter. is only possible by means. of the 
former, which legitimates the proposition from which its reasoning 


Again, the Aristotelian induction was drawn from all the particulars, 
whereas the confusion which Sir W. Hamilton has pointed out gave 
rise to a division of the inductive process into perfect and imperfect, 
according as the enumeration of particulars is complete or incomplete. 
The latter gives only a probable result, whereas the necessity of the 
conclusion is essential to all logical inference, as its demonstrative 
stringency depends upon the form of the illation, and not upon the 
truth of the premises. It is proper to add, that no one ever knew the 
distinction between the imperfect and perfect forms of the conclusion 
better than Aristotle himself. 

INDUCTION (Mathematics), The method of induction, in the 
sense in which the werd is used in natural philosophy, is not known 
in pure mathematics. There certainly are instances in which a general 
proposition is proved by a collection of the demonstrations of different 
cases, which may remind the investigator of the inductive process, or 
the collection of the general from the particular. Such instances 
however must not be taken as permanent, for it usually happens that a 
general demonstration is discovered as soon as attention is turned to 
the subject. 

There is however one particular method of proceeding which is 
extremely common in mathematical reasoning, and to which we 
pro to give the name of successive induction. It has the character 
of induction as defined by the logicians, because it is really the 
collection of a general truth from a demonstration which implies the 
examination of every particular case; but it adds to the necessary 
character of induction that each case depends upon one or more of 
those which precede. Substituting demonstration for observation, the 
mathematical process is truly inductive. A couple of instances of the 
method will enable the mathematical reader to recognise a mode of 
investigation with which he is already familiar. 

Example 1,—The sum of any number of successive odd numbers, 
beginning from unity, is a square number, namely, the square of half 
the even number which follows the last odd number. Let this 
proposition be true in any one single instance ; that is, being some 
whole number, let 1, 3, 5,..., up to 2n+1 put together give (n +1). 
Then the next odd number being 2n+3, the sum of all the odd 
numbers up to 2n+3 will” be (m+1)?+2n+38, or n?+4n+4, or 
(n+2)*. But n+2 is:the half of the even number next following 
2n+3: consequently, if the proposition be true of any one set of odd 
numbers, it is true of one more. But it is true of the first odd 
number 1, for this is the square of half the even number next 
following. Consequently, being true of 1, it is true of 1+3; being 
true of 1+3, it is true of 1+3+5; being true of 14+3+ 65, it is true 
of 1+3+5+7, and so on ad infinitum. 

Example 2.—The formula 2*—a", n being a whole number, is 
always apatwaisally divisible by «—a, 


a —a" = 7" —a" la +a"—2—a" 
=x (a*—!—q"—!) +a"—! (x—a) 


In this last expression the second term a*—'(x—a) is obviously 
divisible by «—a : if then 2*—! —a" -'be divisible by z—a, the whole 
of the second side of the last equation will be divisible by c—a, and 
therefore 2" —a” will be divisible by zc—a, If then any one of the 
succession 

«c—a, P—a, —ai, «'—a, &e. 


be divisible by 2—a, so is the next. But this is obviously true of the 
first, therefore it is true of the second ; being true of the second, it is 
true of the third ; and so on, ad infinitum. 

There are cases in which the successive induction only brings any 
term within the general rule, when two, three, or more of the terms 
immediately preceding are brought witgin it. Thus, in the applica- 
tion of this method to the deduction of the well-known consequence of 


“+ 1 <2 cos 8, namely, 2" od cos. 2 8, 
x a” 


it can only be shown that any one case of this theorem is true, by 
showing that the preceding two cases are true; thus its truth, when 
n=5 and n=6, makes it necessarily follow when n=7. In this case 
the two first instances must be established (when »=1 by hypothesis, 
and when n=2 by independent demonstration), which two establish . 
the third, the second and third establish the fourth, and so on. 

An instance of mathematical induction occurs in many equations of 
differences, in every recurring series, &c. 

INDUCTION, ELECTRICAL, [Etxcrricrry, Common; Gan- 
VANISM; Macneto-Execrriciry.] 

INDUCTION. [Benertop.] 

INDULGENCE is a power claimed by the Roman Catholic church, of 
granting to contrite and confessed sinners remission of the penalty, or 
part of the penalty, which they ought to suffer here or hereafter in 
expiation of their sins. The indulgence does not remit the guilt, 
“culpa,” nor the eternal punishment awarded to the impenitent 
sinner, but only the temporal penalty which the repentant sinner, 


INFAMY. 


855 INDUS. ' 
oo lavender Bape otpe sins and received absolution, has still | body exerts this force only when another foree, impressed upon i, F 
to undergo, either in this world or in , according to the | endeavours to change its condition,” &c. LW 
belief of Roman Catholics. [Coxrmssion the early ages of the | We could wish that the use of this word were exploded, 
church repentant sinners confession had to undergo public | and for the following reason. When a term is to stand for — 


punishment, often very severe, in proportion to their offences; such 
punishments, however, were occasionally mitigated by the “ indulgence ” 
of the bishops, who, in particular cases, abri the austerities 
enjoined by the canons, or commuted them for works of charity and 
_ exercises. Such was the origin of indulgences, (Maldonat, ‘ De 
ulgentiis; Bibliothéque Sacrée,’ par les Péres Richard et Giraud, 
article * Ind ce ;’ Lingard, ‘ History of England,’ vol. iv.) 
’_ Several of the early fathers of the church, such as St. bh ig ‘De 
Lapsis’) and Tertullianus (‘De Pudicitia’), complained of the a 
f this practice in their time, and especially that simple priests pre- 
sumed to grant indulgences, which was the exclusive privilege of 
bishops, and that bishops themselves granted them with too much 
The canonical or ceremonial penalties becoming in course of 
time disused, er with the practice of public confession, the 
indulgences which continued to be granted afterwards were understood 


committed after baptism. Hence St. Paul, at the request of the 
Corinthians, remitted to the incestuous man whom he had excom- 


them to the church by abridging the time of the criminal ce 
h the intercession of martyrs, and in virtue of their sufferings, 
joined to those of the Saviour of the world, who rendered them 
precious in the sight of God.” The‘ Bibliothéque Sacrée,’ above quoted, 
contains a most elaborate article on the subject of indulgences, divided 
into eight sections, namely—1. On the name and nature of indulgences. 
2. On the various sorts of indulgences. 38. On their virtues and 
effects. 4. On their truth and foundation. 5. On the causes of 
indulgences. 6. On the subjects or persons to whom indulgences are 
plied. 7. On the conditions and dispositions required in order to 
obtain the benefit of the indulgences. 8, On the abuse of indulgences. 
We may observe on this last point that indulgences are 
some cases to those who give money for the building 
other vise paren but that the sale of or traffic in indulgences has 
been severely reprobated by many councils, and that the bulls of 
indulgences granted by the Pope contain the clause that “if any thing 
be 2 ce as the price of this indulgence, the indulgence itself becomes 
null.” The sale of indulgences, however, has on many occasions been 
connived at by the higher authorities in the Romish church, and, as is 
well known, it was the indignation excited by an act of this kind 
which first aroused the anti-papal spirit in Luther, and led eventually 
to the Reformation. 
INDUS (the Indian), a constellation of Bayer, situated between 
Sagittarius and the South Pole. 
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No, in Catalogue 
No. in Catalogue of British 
Character, of Lacaille. Association, Magnitude, 
« 1676 7096 3 
B 1691 7228 4 
y 1731 7423 5 
é 1764 7633 5 
INEQUALITY. (Astronomy.) For convenience, the average mo- 


tion of a planet or satellite, supposed to be made in a circle which has 
the average distance of the body from the sun or primary for its radius, 
is the first object of calculation when the place of the body at some 
future time is to be predicted. All the alterations which are ren- 
dered n by the rag yr motion of the planet are called 
malities. (Graviration; Lunan Tuaxony; PLanetary Turory, 
INERTIA. This word means something equivalent to the modern 
English sense of inactivity, or rather of incapalility, and expresses that 
property of matter by which it does not change its own state of rest or 
motion, but requires for that purpose the action of some external 
cause, to the magnitude of which the change isin proportion. Previous 
to some remarks upon the use of this word, we give at length the 
third definition of Newton's ‘Principia,’ from which the common 
usage of it is derived. “The vis inatta, or innate force of matter, is a 
power of resisting by which every body, as much as in it lies, endeavours 
to ere in its present state, whether it be of rest or of moving 
uniformly forward in a straight line. This force is ever roportional 
to the body whose forve it is; and differs nothing from the inactivity 
of the mass, but in our manner of conceiving it. A body, from the 
inactivity of matter, is not without difficulty put out of its state of 
rest or motion. Upon which account this vis insita may, by a most 
significant name, be called vis inertia, or force of vity. Buta 


gran’ 
of churches and ° 


hoch likely to cause miscon 
cited, is nevertheless a good 
=: be ledge of It to the mind, by act 
‘qur know! of matter. conveys e one 

a or abstraction, the notion of a cause for a phenomenon — 
which might be conceived to exist independent of the other bake jor 
of matter. We can imagine impenetrable space, not endowe ho 
mobility, colour, or any other accident of matter. But with the 
word inertia as used by Newton, we do not describe any quality of 
matter, but supply a term of causation for matter itself, so as 
those properties are concerned which are studied in mechanics. 
is the matter of a work on pure statics or dynamics? That which 
obeys certain three laws of motion, or presents phenomena which are 
of a certainthreefold description. What word, according to Ni | 
should be used as a term of causation to remind us that the 


>a 


to those who know how to 


law of motion arises from something inherent in the constitution of — 
matter? The inertia, or vis inertie. What for the second law? The — 


inertia, What for the third law! Still the inertia. Consequently, 
this inertia is literally nothing but an exprentsn of eee ae 
matter to obey any other laws except those which it really ; 


and epg, Oo admitting such a term is not merely a questionof 


mechanics. eed we accompany every fundamental term of 
science by another, which merely expresses that there must be 
reason why the thing signified has the collection of 


it is found to possess, and not any other? We think the answer must 


be in the negative, in which case the word matter itself may be 
stituted for inert substance, the two phrases 
changeable in every work on mechanics. (Morton, Laws or.] 

If the word inertia be admitted at all as one of distinction, it must 
be to separate the object of geometry from that of mechanics. In the 
former we consider space only, that is, bounded portions of — in 
the latter we suppose this bounded space to have inertia. t the 
distinction is quite sufficiently made without the introduction of a 
synonymic, In geometry we consider space without reference to the 
question, whether the space be vacuum or matter; in mechanics we 
consider matter, 

Thus. much for the use of inertia in a scientific sense: in many 
popular writings we find it applied as a sort of explanation of the 

perties of matter, which are so and so because matter has inertia. 

ince this vicious application of words is not by any means confined to 
the case before us, it is needless to enlarge upon it. 

There is one use of the word inertia which is convenient and harm- 
less, namely, as part of the phrase MOMENT oF INERTIA. If we 
imagine a material which admits of revolution about a fixed 
axis, it is obvious that the more closely the matter of which it is 
formed is collected about the axis the less resistance will be offered to 
the production of rotatory motion. The law of this resistance will be 

lained in the article alluded to. “4 
“INFAMY (from the Roman Infamia) in English law is not easily 
defined. Certain offences were formerly considered of so heinous a 
nature that conviction and judgment for them rendered a man 
infamous and incompetent to be a witness. But the endurance of the 
punishment, or reversal of the judgment, restored a man’s competency 
as a witness. The 9 Geo. IV. c. 32, § 3, enacts, that when a man con- 
victed of a felony shall have undergone the legal punishment for i 
the effect shall be the same as a pardon under the Great Seal; 

g 4) no misdemeanour, except perjury or subornation of perjury, shall 

a mar an incompetent witness after he has un e his 
punishment. The 6 & 7 Vict. c. 85 (introduced into the House of 
Lords by Lord Denman, and carried into law after great discussion) 
was the Act by which many of the old abuses in our rules of evidence 
were remedied, and the views of the advocates of reform were carried out. 
This Act, which is entitled ‘An Act for Improving the Law of Evidence,’ 
after remarking on the obstructions in the way of eliciting truth in 
courts of justice owing to incapacities created ay the existing law, and 
the desirability that those who have to decide on the facts in issue 
should exercise their judgment on the credit of the witnesses, enacts 
that no person offered as a witness is to ‘a pepageees ih — of 
incapacity from crime or interest from giving e in 
person or by deposition, on the trial of any issued joined, &c., but that 
every such person may be admitted to give evidence on oath or affirma- 
tion, notwithstanding such person may have been convicted of any 
crime or offence. [EvrpEnce. 

Certain offences enumerated in the 7 & 8 Geo. IV. c. 29, § 9, are in- 
famous crimes, with,reference to the provisions of that Act. Though 
infamy does not disqualify a man from being a witness, it may be urged 
as an argument against his credibility, for, as an American judge has said 


ye } 


use it, 
word to those who desire to describe oon oe 


f 


ia! 
: 
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- 


INFANT. 
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“Tt reo ghee cackemeommpihd to the purposes of justice, to 
trust the jury with a full knowledge of the standing of a witness into 
whose character an inquiryismade. It will not thence follow that from 
minor vices they will draw the conclusion in every instance that his 
oath must be discredited, but be put on their guard to scrutinise 
es a: ¥ ile in cases of erin though he kad 
respects wo’ warranted in disbelieving hi ou e 
Gamiclaan called eo often to the book as to fix upon him the reputa- 
tion of a liar when on oath.” (Hume v. Scott, 3 A. K. Marshall, 
261.) As to this branch of the ish law of evidence, see Taylor on 
Evidence, vol. ii. §§ 132—1328; and Best on Evidence, 2nd edit., 
pp. 184—187. 
The satisfactory definition of infamy would be a permanent 
legal ity to which a man is subjected in consequence of a con- 
viction and t for an offence, and which is not removed by 
passers hry Eero mepatard the offence. By 2 Geo. II. c. 24, $6, 
persons who are legally convicted of perjury or subornation of perjury, 
or of taking and asking any bribe, pair ever incapacitated from 
voting at the election of members of parli ;and by 17 & 18 Vict. 
c. 102, s. 6, itis enacted that after a conviction of any person, if a 
yoter, in a court of law for bribery or undue influence, or after judg- 
ment in a penal action for bribery, treating, or undue influence, the 
revising @ offender’s name from the list of 


, c something 
eer eee ene coun Sree Pe 6 pene. 
of acts which were notorious are the following : the case of a 
woman caught in adultery, of a man being at the same time in the 
relation of a double marriage, of prostitution in the case of a woman, or 

of a man or woman gaining a living by aiding in prostitution. 
igny, in his review of the different circumstances which led to 


Ep 


; 
consequence of his act and not owing to the nature of the penalty, 
that the offender was adjudged to be infamous. (D. 3, 2, 22.) 
The uence of Infamnia was i ity to obtain the h rs 


INFANT WITNESSES. [Acz.] > 

INFANTICIDE. The practice of putting infants to death has 
existed from the remotest periods on record, though the motives for 
the act have somewhat varied. Insome atleast of the states of Greece 
the destruction of those who were born weak or deformed was either 
commanded or allowed. In Rome children were exposed or put to - 
death, not only with the view of removing those who might throughout 
life have remained a burden to their friends and useless to the state, 
but to prevent the too rapid increase of the population. The propaga- 
tion of Christianity first checked the practice; and in a.p. 815, 
Constantine the Great provided for the maintenance of the offspring of 
those who were themselves destitute. Infanticide prevailed however 
to a slight extent till the reign of Valentinian, who “included such 
murders in the letter and spirit of the Cornelian Law.” (Gibbon, 
‘Decline and Fall.’) Among the contempo barbarous nations, the 
same motive, and the sacrifices required for their deities, induced the 
same crime. 

In modern times, the practice, though it is not anywhere sanctioned 
or commanded by law, is i permitted in many countries. In China 
a large proportion of the female population are put to death as soon as 
they are born. Among the Hindus it was practised to a very great 
extent, till the Marquis of Wellesley, when appointed Geniher dae 
of India, used every possible exertion to-put a stop to it. By the 
perseverance of Major Walker and others his endeavours were suc- 
cessful, though unhappily for only a short time, for Bishop Heber tells 
us that “since that time things have gone on very much in the old 
train, and the answer made by the chiefs to any remonstrances of the 
British officers is, ‘Pay our daughters’ marriage portions, and they 
shall live.’” (‘Narrative of a Journey in Upper India,’ and ‘ Hindu 
Infanticide, by E. Moor, F.R.S., 1811; including Walker’s ‘ Report.’) 
On the island of Ceylon, Heber also remarks that in 1821 “the number 
of males exceeded that of females by 20,000; in one district there . 
were to every hundred men only fifty-five women, and in those parts 
where the numbers were equal the population was almost exclusively 
Mussulman.” Here also, as in Hindustan, the difficulty and expense of 
educating female children, and the small probability of their marrying 
without some dowry, while a single life is deemed disgraceful, are the 
motives leading to the perpetration of the crime. Amongst the 
Mohammedans the practice is not discountenanced, though the 
necessity for it is greatly lessened by the habit of producing abortion, 
which almost od geac, prevails. In the numerous islands of the 
Pacific, infanticide is practised to such an extent, that some of them 
have at times, when pestilence has contributed its influence, been nearly 
d ted. When Cook visited Otaheite, he found its population 
to be upwards of 200,000; but in the = part of this century it was 
red am to between 5000 and 6000, and this principally from the 
practice of murdering their offspring. Mr. Ellis (‘Polynesian Re- 
searches ’) says that he does “not recollect having met with a female 


of the state, and probably the loss of the also; and it was 
perpetual. The infamis was still a citizen (civis), but he had lost his 
political rights. The infamous man was also under some disabilities 
as to his so-called private rights. He was limited by the Pretor’s 
edict in his capacity to postulate (that is, take the initial measures 
Datmaniting x: Gelesting: hin: eights ic lng Stem), to ach oa the 
attorney of another in such cases, to be a witness, and to contract 
marriage. . 


The rules of the Roman law as to Infamia are chiefly contained in 
Digest,’ iii. tit. 1 and 2, and Code, ii. tit. 12, In addition to these 
ts contained in the Corpus Juris Civilis, the reader is referred to 
Id Roman law called the ‘ Tabula eee: fae 
a ef ot Ne wenphoaabygr epi ae vee 

ipalis, which to bear upon the authorities above 
evs Vo re 


to. 

(See Savigny, System des heut. Rim. Rechts,ii. $ 76-83 ; Becker, Hand- 
buch der "Him Alterthumer, ii. 121; Puchta, Institutionem, ii. 441; 
Muhlenbruch, Doctrina Pandectarum, vol. ii. $$ 189 et seq.) 

INFANT, a under the age of twenty-one, whose acts are in 
many cases either void or voidable. As a general rule, an infant cannot 
make oy, ea contract, though to this there are some exceptions : 
thus an may bind himself to pay for his necessary meat, drink, 
apparel, physic, and such other necessaries, and likewise for his good 
teaching and instruction. But where an infant is living in his father’s 
house and under his care, he is not liable even necessaries. 
Necessaries for an infant’s wife are necessaries for him. Infants are 
also incapacitated from making a will. 

It should also be observed, that an infant, how y: soever he may 
be, and even a child ig the womb, or, as it is technically expressed, en 
ventre sa mere, may be appointed an executor: but the statute 38 Geo. 
IIL, ¢. 87, disqualifies an infant who is appointed sole executor from 

the office during his minority ; and administration with the 

will annexed must be granted to the infant's guardian, or to some other 
—— the infant is of full age. . 

n en yentre sa mere is supposed in law, for most purposes, 

Oe Thus he may take an estate, and the taking 


G 


away of his life amount to homicide. 
FANT HEIL J 
INFANT SCHOO [Scroots.] 


in the island, during the whole period of his residence there, who had 
been a mother, while idolatry prevailed, who had not imbrued her 
hands in the blood of her offspring.” We have similar accounts from 
nearly all the northern parts of America, from Hudson's Bay, Labrador, 
Mexico, &c.; but it is most gratifying that in all, one of the first and 
greatest blessings which have followed the introduction of Christianity 
and civilisation has been the decrease or complete cessation of this 
abominable custom. 

In more civilised lands, although infanticide is regarded with the 
deepest abhorrence, and is visited with the extremest severity of the 
law, the expense and trouble of maintenance, and the fear of shame and 
loss of reputation, are motives sufficiently powerful for the occasional 

tion of the crime. 

It is one of the most difficult questions of medical jurisprudence to 
discover and establish the murder of a child lately born. The chief - 
points for decision are, 1st, whether the infant, the subject of inquiry, 
was born dead or alive; and 2nd, whether its death was the result of 
violence or of natural causes, 

To establish the former point it is necessary to prove first that the 
infant was not born before the end of the sixth month after con- 
ception, because before that time a foctus cannot be deemed capable of 
maintaining an independent existence, or to be what is called viable. 
This being proved from the size and form of the child, the decision 
whether it were born alive or not must generally rest on the condition 
of the lungs and heart, in which certain remarkable changes are pro- 
duced as soon as respiration in the air has commenced. In the fetus 
in utero and in the still-born ‘child the lungs are of a dark purplish or 
chocolate colour, nearly like that of the liver; they are small, and 
occupy only a small part of the cavity of the chest, in which they lie 
close against the spine; they have a firm solid consistence, like liver, 
and their are sharply lobed. In the child which has breathed 
the lungs are of a florid red or rosy hue; they nearly fill the chest, and 
are found on opening it to be almost in contact with its front wall: 
their substance is soft, spongy, and light—they crepitate or crackle 
when pressed, frothy fluid may be squeezed out from an abundance of 
minute cellules, and their edges and lobes, instead of being sharp, are_ 
smoothly rounded off. If the child has breathed fully for some 
minutes after birth, these characters will generally be sufficient to 
decide the point in question, but in more difficult cases the weight of 
the lungs and their specific gravity require to be examined, At the 


859 INFANTICIDE. INFANTRY. > . 
iia I 

same time that the air enters the lungs in tion, a much larger | prevent infanticide. There are however institutions in thin country, 
quantity of blood is sent to them from the heart than had before | as well as many other European countries, which have been dled a} 
circulated through them, and they therefore become considerably | with the view of restraining the commission of the crime, of which an 
heavier. Plouequet has on this ground what is called the | account is given in the article Fouxpiuxe Hosrrrats: but the history + 
Static Lung Test, which is applied by comparing the absolute weight of | of these establishments shows that though they may have ered 

the lungs with that of the whole body. subsequent observers it has | infanticide less frequent, they have by no means tended to pe ¥ 
been determined that the weight of the lungs of still-born children is | the lives of illegitimate children; for in all of them, except the oT 
somewhat less than J, of that of the whole body, and that of the lungs | Foundling Hospital, which is a comparatively wealthy establishment, P.. 


of children that have breathed, rather more than This difference, 
though not sufficient to make this test by itself decisive, is yet of much 
importance as an addition to other evidence, and is especially to be 
considered in connection with the hydrostatic test, which is founded 
on the specific gravity of the lungs. As the air and blood enter the 
lungs at the same time, their relative weight is diminished, although 
their absolute weight is increased ; so that a portion of the lung of a, 
still-born child is heavier than’a portion of the same size from a child 
which has breathed. The former is heavier, the latter lighter than 
water ; and hence a simple test is obtained by observing whether the 
lungs of the infant under examination will float or sink when thrown 
into a vessel of water. When carefully employed, these two tests 
cannot fail to decide whether the child has breathed or not, but there 
are circumstances which may in some degree obscure the evidence to 
be drawn from them. First, there are those circumstances which may 
cause the lungs of a child which has never breathed to float in water. 
A certain degree of putrefaction may do this, by the quantity of gas 
which is erated in their tissue. This however cannot take place 
until the whole body of the infant is extremely putrid, for the lungs 
are the organs which remain longest unaltered after death, 
Nor could a competent person fail to discover the difference between 
lungs rendered light by putrefaction and those which had breathed ; 
the former present large bubbles of gas on their surface, which may be 
squeezed out by pressure under water, and when this has been done, 
the portion of lung to which they were attached will immediately sink. 
In some very rare cases emphysema of the lungs is produced during 
birth, but this also can at once be known by the air being contained in 
large bubbles, from which it may be pressed out. Lastly, the lungs 
may have been artificially inflated after death, but in this case the 
alteration of colour and volume, though produced in the same manmer 
as in natural respiration, are only partial; some portions of the lungs 
are spongy and ruddy, but others are solid and livid. All the doubt 
that inight arise from any of these circumstances may be removed by 
cutting up the lungs into small portions and squeezing each piece 
firmly under water: if natural respiration has been performed the 

portion of lung, unless torn by the continued pressure into 
mere shreds, will continue to float; but in every other case the air 
may be so completely expelled that every portion will sink. In no 
case moreover, except where natural respiration has taken place, will 
the absolute weight of the lungs be increased; for in no other does 
the increased flow of blood from the heart take place. 

On the other hand, there are very rare cases in which, though the 
child was born alive, the lungs will not float. They may be diseased, 
or the infant may have been too feeble to breathe completely, but in 
both these cases the same plan of cutting each lung into small pieces 
and testing each will remove all doubt, for there will be at least some 
portions into which the air has entered sufficiently to inflate them 
completely. The static and hydrostatic tests therefore, when carefully 
employed together, will prove whether the child have breathed, but 
they afford no evidence as to whether it was murdered or not. For it 
may have breathed during birth, and have died before it was com- 
pletely born; or,on the other hand, it may have lived for a short 
time without breathing. These cases are however exceedingly rare, 
and their occurrence is so clearly indicated by the ap; found 
on the body, that they rarely embarrass the evidence that is given. 

The signs of a child having lived after birth, which are to be found 
in the heart and other parts, afford no positive information unless life 
has continued for at least a day, and then the lungs alone will always 
suffice for decision. We need not here consider the evidence required 
to prove whether a child born alive was murdered, or died from natural 
causes, for it must be similar in all respects to that which is necessary 
in casea of homicide, [Howrcrpe.] 

Law relating to Infanticide—lf the result of the evidence be that 
the child was born alive, and that it was destroyed, the offence is 
murder, and punishable pore Murper.] If a woman be 
quick with child (that is, if she has felt the child move within her), it 
isa felony if she take, or any person administer to her, or use any 
means to procure abortion, and is punishable by penal servitude for 
life. 

The murder of bastard children by the mother was considered as a 
crime #0 difficult to be proved, that the statute 21 James L, c. 27, 
made the concealment of the death of a bastard child absolute evidence 
that it had been murdered by the mother, except she could prove, by 
one witness at least, that it had been actually born dead. This cruel 
law was mitigated by the 43 George IIL, 0, 58; and now, by the 
statute 9 George IV.,c. 31,8. 14, the concealment of the body of a 
bastard child is declared to be a misdemeanour, and made punishable 
by ee ae for any term not exceeding two years, with or without 
hard ur. 


These are the regulations of the English law directly designed to 


‘ 


their records show an astonishing amount of m ity, in some cases 
as high as eleven-thirte pero ei : ; 

INFANTRY is a name given to the soldiers who serve on foot, It — : 
is immediately derived from the Italian word fante, which, though in 


strictness denoting a child, is in general applied to any young person. 


From the latter word comes fantaccino, and this is the origin of fan- . 
tassin, a name which was once so commonly applied to a f Bio 
During the time that the feudal polity was in vigour the numerous — 
dependants of the nobility served in the wars, for the most part, on — 
foot; and being called children, because they were so considered with — 
respect to their n lords, or to the towns from whence they were 
drawn, the word infantry became at length the general name for that — 
species of ‘troops. Boccaccio, who wrote in the 14th century, os 3 
nates by the word fanteria the men who marched on foot in rear 


the cavalry. - 7 . 
Among the ancient nations of — the foot soldiers constituted 
the chief ny EH the armies. Inthe best days of the Grecian and 
Roman states les were mainly won by the force and —- m 
the phalanges and legions, and the number of the infantry in the field 
far exceeded that of the cavalry. The cavalry were then, as at hy.” 
employed chiefly in protecting the wings of the army and in com- — 
pleting the victory which had been gained by the i 4" It maybe 
remarked also that most of the writers on tactics, from Folard down- __ 
wards, express a decided preference in favour of the infantry. = == 
The French historians agree that the ancient Franks, when they left 
the forests of Germany, were accustomed to march and fight on foot; 
and they persevered in this ape even after they had obtained 
ae of the country of the Gauls, which abounded with horses, __ 
this country also the greater part of the o-Saxon forces con- 
sisted of infantry, the cavalry being formed of the thanes, or rich — 
proprietors of the land: the infantry were divided into heavy and 
ight armed troops; the former being provided with swords and spears 
and large oval shields, and the latter having only spears, clubs, or 
battle-axes, eee he 
But soon after the time of Charlemagne the institutions of chi ai 


perty, and completely armed, acquired the reputation of sein the 


i 
: 


sisted of slaves and freed serfs: the latter were either peasants or 
artificers, who, for the benefit of the army, occasionally exercised th 7 
particular trades, as shoeing horses, forming intrenchments, &c.; and 
in action, like the men of the inferior class, were empl: as skir- 
mishers or light-armed troops. Similarly the infantry of thi gern 
for some time after the Conquest, consisted of the yeomanry, ie 
and dependants of the feudal tenants; and occasionally foot soldiers 
were engaged by the kings, under indentures, to serve in the wars, — 
The English troops at that time wore a plain iron helmet called a _ 
bascinet, and a linen doublet stuffed with wool orjcotton; theirarms 
were generally pikes, but frequently they had swords and battle-axes, 
Under the third race of kings in France the possessors of fiefs were _ 
not compelled to furnish infantry for the armies; and it e — 
us 


pce Pry then imposed on the towns. The troops J 
were obliged to serve only in or near the towns to which hag See: is 

or, if they were marched to a considerable distance from ce, they 
received pay. In the reign of Philip Augustus this militia must have __ 
been very numerous; for in some districts it was formed into 1 a. 
and was commanded by persons of distinction. At the } ~ 


Bovines (1214) the municipal militia formed the first line of the French 
army, but it was defeated by the German infantry which was more 


| numerous, and even then of better quality, than that of France. 


In 1448, Charles VII. instituted the militia denominated Francs 
ares, hier = a ntherlaes foot ee armed with <p 

ut this exi only about years, when it was suppressed 
Louis XL, a formed <vasting army of 10,000 French infantry, K4 
which were joined 6000 Swiss; and subsequently Charles VIII. : 
a large body of Lansquenets, or German infantry. The reputation of 
the native troops in France seems to have been at a low ebb; for 
Brantéme, in his ‘ Discours des Colonels, describes them as being 
mostly the refuse of society—men with matted hair and beards, who 
for their crimes had had their shoulders branded and their ears cut off. 
On the other hand the Swiss soldiers were inured to discipline; they 
were protected by defensive armour and formed into deep battalions, 


, 
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in which state they were able to render the shock of cayalry entirely 
poets: 0 od cah ea these troops accompanied the army of 
Charles into Italy, in 1494, where their good conduct and dis- 
cipline ily contributed to raise the reputation of the infantry to its 


ancient 
The superiority of this class of troops consists in their being able to 
qe meiaa Whore savairy sosiace sore)” a Sa Obyices Chat the 


latter must, at all times, have been useless in the attack and 
defence of fortified castles or towns. Even when the cavalry were held 
in the highest estimation it was sometimes found convenient for the 
knights to dismount and act as infantry. Froissart relates that at the 
battle of Cressy the English troops were formed in three lines, con- 
sisting of men-at-arms who fought on foot and were flanked by archers. 
At Poitiers and Agincourt also the men-at-arms engaged in a similar 


manner, 

The Spanish soldiery, probably from being almost constantly en- 
gaged in warfare with the Moors, had early uired considerable 
reputation; and the gallantry of the troops on foot, in keeping the field 
after the cavalry had retired, has been supposed, though this opinion 
of the origin of the name is now rejected as fanciful, to have been 

ignation of infantry, which was bestowed 
er oe eee uence Of their having been headed on 

i occasion by an Infanta of Spain. The great share which the 
Spanish forces had in the wars carried on both in Italy and Flanders 
during the reigns of Ferdinand, les V., and Philip II.; their 
steady discipline, and the success which resulted from the association 
of musketeers with pikemen in their battalions, caused the infantry of 

to be considered, poke byl years, as the best in Europe. But 


l 


oT Dy ales age rere SR ar VY. and Francis I. of 
France, connection . of England with both, led. 
in the several states raven 4 


of those m , to the adoption of the improve- 

introduced by the Spetaria, It may be added 
keeping up standing armies composed of men 
war under a rigid system of discipline, er 
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are perfection. 

nglish army numbered 86,983 infantry troops, exclu- 
sive of engineers and artillerym 

. alae 


INFECTION is the contamination of the atmosphere or other inert 
substances by the deleterious or offensive qualities of malaria, the 
matter of contagion, effluvia from putrid animal or vegetable sub- 
stances, &c. Some of these are at once recognised by the smell, or by 


chemical analysis, but the presence of others is known only by the 
diseases w produce. The same means however may be 
applied in many cases for preventing the injurious effects of both 


The most important and valuable method of disinfection is ventila- 
tion, and, whatever other may be added to it, this should never be 
¢ The apartment, or whatever requires to be purified, should 
exposed to a constant and free current of fresh air, till every trace 
of odour is completely expelled, or as ap, Bet any emanation is going 
The reputation of chlorine, acids, lime, |, &e., as dis- 

5 on their property of decom; the offensive 
which are so often mixed in the atmosphere with the matter of 
, but it is questionable whether they have any influence on 
the infectious particles themselves. However as the emanations from 
utrid substances render the Peay pee, liable to the reception of 
Infection, some of these means should be employed where any offensive 
smell is present. Fumigations with aromatic substances, as camphor, 
, are useless, only serving to conceal the smell, but having 
no influence on it or the infectious particles. Perfect cleanli- 


= 
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ness ‘is of the greatest ce ; every portion of the room or house 
be carefully and uently with hot soap and water ; 
clothes and ev removable should be immersed in hot water, 


and after being well washed should be for a long time to the 
air, or sprinkled with chloride of lime; the walls and ceilings 
be whitewashed, and beds, ing, &c., cleaned and exposed in 
the open air. Dr. Henry has rendered it probable by numerous ex- 
periments that the infectious qualities of substances which cannot be 
practic a heres as trunks, packages of valuable merchandise, &c., 
may be ly destroyed by exposing them to a dry heat of 200° 
for pot less than an hour. 
The following are some of the agents which are employed for the 
purpose of oying infectious matters of various kinds :— 
Chlorine.—This gas has a great affinity for hydrogen gas [Cutorme], 
and as the latter forms so conspicuous an element in infectious com- 
, they are destroyed when exposed to the agency of chlorine. 
is especially applicable where infectious substances exist in 
the atmosphere. It may be employed by generating it from the 
decomposition of common salt with peroxide of manganese and oil of 
vitriol, or by mixing red lead with dilute muriatic acid. These pre- 
ever require caution, and the more common plan is to 
use the solutions of chlorinated lime or soda. These solutions may be 
applied to floors, and vessels may be rinsed out with them. ey 
tay be diluted and linen rinsed out in them. 
Permanganates of soda and potash—These substances are spowerful 


oxidisers, Wherever animal and vegetable matters exist in a state of 
decomposition, they oxidise the hydrogen and nitrogen, forming nitric 
acid and water. They are sold under the name of “ Condy’s disinfect- 
ing fluid,” and are exceedingly useful where solid or liquid infectious 
matters have to be dealt with. They speedily render the matter of 

ls, drains, and sewers, perfectly innocuous. They may be also 
aires for the purification of water, and by their action on organic 
matters, can be employed as a test for the purity of water. The dis- 
infecting quality of permanganic acid depends on the presence of ozone 
in this acid, which is readily given up to the organic matters with 
which it comes in contact. . 

Chloride of zinc.—This substance has the power of arresting change 
in decomposing animal and vegetable substances, and may be employed 
for this purpose, but it does not act so perfectly as the foregoing 
substances. 

Perchloride of iron—The salts of iron have all a great power of 
combining with organic matters, and arresting the progress of decom- 
position, and also of destroying infectious matters. It is one of the 
cheapest substances that can be employed for disinfection on a large 
scale, and is the compound recommended to the Metropolitan Board of 
Works for ae ne Thames. 

Sulphurous acid.—This acid is formed by leaving sulphur in the 
open air, and acts as a disinfectant by combining with oxygen, and 
becoming converted into sulphuric acid. It cannot however be used 
in rooms where persons are breathing on account of its suffocative 
action. 

Salts of various kinds arrest decomposition, as nitrate of potass, 
chloride of sodium, sulphate of zine, &c., but are not to be recom- 
mended as disinfectants. 

Coal tar, Creasote, and Carbolic acid have all a power of combining 
with animal and vegetable substances and preventing their decompo- 
sition. Creasote is especially recommended to prevent the smell from 
cancerous sores. 

INFEFTMENT, in the law of Scotland, from the same origin as the 
English term feoffment, the ceremony by which a person 

ing to another by descent, settlement, or conveyance, is invested 
in any heritable or real property. This ceremony was, until quite 
recently, as pure a feudal usage as it ever had been in the days when 
the altnost universal inability to write suggested symbolical modes of 
ing possession. A number of persons had to to the 
ground, consisting generally of the solicitor who prepared the titles 
and his clerks, who had the following parts to act. One was the bailiff 
of the superior, and a commission authorising him to act in that 
capacity was read over. Another party acted as the procurator or 
representative of the . The bailiff lifted some fragments of 
earth and stone from the soil and handed them to the procurator, as 
symbols by which, according to the authority given to him, he made 
over possession of the lands to the new owner. The receiver of the 
symbols then placed a coin of the realm in the hands of another party, 
who must have been a notary public—this being the form in which a 
protest is taken in the hands of a notary in Scotland. Two other 
parties acted as witnesses. The ceremony, with the authority on which 
it ied, was narrated in a deed called an instrument of sasine, in 
which the notary publicly attested the transaction. The preservation 
of this cumbrous ceremony down to so late a period was owing to its 
connection with the admirable system of registration which has kept 
the commerce in real property in Scotland on so clear and secure a 
position; for the whole ceremony went for nothing unless the instru- 
ment were recorded in the Register of Sasines within sixty days after 
the ceremony. This registration was, and in modern usage is, the 
criterion of preference; for the person whose sasine is first registered 
has the absolute title, all questions as to the fairness of the transaction 
being pecuniary questions to be settled apart from the title to the 
lands. The cumbrous ceremony mentioned above has been rendered 
unnecessary by modern legislation. Conveyances and other deeds are 
now, in most cases, registered themselves; the public registration of 
the deed, or of instruments setting out the nature thereof, or other- 
wise analogous to the instrument of sasine, coming in place of the 
infeftment and registration formerly in use. 

INFINITE, INFINITY, INFINITESIMAL, INFINITESIMAL 
CALCULUS, The word infinite is literally “ without bounds,” and 
when applied in an absolute sense to magnitude means that its quantity 
is utterly unlimited, so that there is no conceivable and determinable 
magnitude but what is less than the infinite magnitude. 

The notion of infinity is therefore at first purely negative, but it 
does not long remain so: for we are forced upon what we take the 
liberty of calling a definite notion of infinity, by our consideration of 
time, space, and number. We cannot, if we would, annihilate our 
conception of space, or confine it within certain limits; nor can we 
suppose duration to have an end. Even if we imagine our own annihi- 
lation we cannot rid ourselves of the idea of something else existing, 
with the permanent conception of unbounded and time. If we 
try to conceive all sentient existence at an end, we know from reasoning 
that it may be we ought to suppose also the annihilation of space and 
time: but the constitution of our minds will not permit it, and so long 
as we exist to think, even about our own non-existence, the -reality of 
space and time will prevent our conceiving their destruction. Whether 
the preceding be good or bad metaphysics is perfectly indifferent in an 
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_ article on the use of the word infinite in the exact sciences: the ideas 
expressed, true or false, are those which will, in the first instance, 
present themselves to the mind; and those who object to one method 
of expression will embody the same thoughts in another. 

The other extreme in the scale of quantity is the perfect absence of 
all magnitude, expressed in the word “nothing” or the technical term 
“zero.” It is to treat the two together in mathematical 
reasoning, since all difficulties which belong to the one term belong 
equally to the other. We have also to consider the words “ infinitely 
small” as well as “infinitely great.” 

There are three distinct methods of proceeding in regard to the 
employment of these terms in mathematical reasoning. Firstly, we 
have those who would use the words “ infinite” or “ nothing” in their 
absolute sense, relying upon the reality of the conception which they 
have of the things signified by them. Secondly, there are others who 
would entirely Cath the use of the words, because in their absolute 
sense they do not represent assignable rag ES Thirdly, others 
admit the use of the words, guarding them definitions which point 
out the processes in the expression of the its of which they may be 
employed. 

‘o the first it is answered that the absolute use of © and 0 (the 
mathematical symbols of infinite magnitude and absence of all mag- 
nitude) in the same manner as symbols of definite quantity, is extremely 
liable to lead to error ; which was never entirely avoided by the advo- 
cates of this system, except by abandoning their theory, and applying 
in practice the maxims alluded to under the third of the preceding 
heads. The absurdity of an absolute and unrestricted use of these 
terminal symbols may be very easily shown, if it be maintained that 
they are to be used precisely as other symbols, For example, it will 
eteutily be conceded that if a times w be y, and if } times « be y, then 
aand } must be equal. Now twice an infinite magnitude is infinite, 

“and three times an infinite magnitude is infinite, therefore 2 and 3 
must be asserted to be equal. The advocates of the unrestricted use 
of « and 0 avoid such results by a method of selection which amounts 
to keeping within the definition presently to be noticed. 

To the second of the three sects above mentioned it may readily be 
conceded that they have a right to refuse any branch of mathematical 
reasoning, 80 far as themselves only are concerned. But we deny that 
the code of mathematical controversy contains any such axiom as that 
“ mathematics is the science of assignable magnitudes only,” by which 
to claim the submission of an opponent. The general rule is, that 
mathematical demonstration exists wherever there is logical deduction 
from universally obvious maxims with respect to magnitude. Nor 
does the word “ universally” here mean that such maxims must have 
been obvious to every individual of the human race. If so there 
would be no such thing as mathematical demonstration: for there 
have beer found instances in which persons have denied that the sum 
of all the makes up the whole. It would not be very easy to lay 
down a by which it should be determined what fraction of dissent 
is fatal to an axiom, but the following appears to us to be the practice, 
When any individual who has been successful in advancing the mathe- 
matical sciences, and whose talent and originality are widely known, 
disputes what is usually received as a first principle, it is customary 
for subsequent writers on the same subject to preserve his objections, 
and place them before the reader. 1f two or three such persons unite 
in an objection, the fact of there being a majority of the same class on 
the other side would not save the principle attacked from being con- 
sidered as dubious, All differences which affect results are very soon 
settled ; but those which only array one mode of attaining a certain 
conclusion against another, depending as they do for the most part 
upon the manner in which fundamental and indefinable terms are 
understood, are generally perpetuated from one age to another. Now 
it is a proposition which is very rarely disputed, that the science of 
mathematics is conversant with more than assignable magnitude, and 
that the notion of infinity, though requiring to be used with care, is 
one with regard to which sound and obvious maxims of reasoning may 
be laid down. 

We proceed to state these principles, that is, to enunciate the method 
followed by the third of the sects mentioned. If we look at the man- 
ner in which we derive the notion of infinity, we shall not find any, one 
who imagines that he absolutely grasps infinite space, time, or number, 

by one single and independent conception of his mind. To space, 

space may be added, to this again space may be added, and so on with- 
out limit, until the space thus accumulated is greater than any definite 

— [Ixperirte] which was named at the outset of the process, 
rom thence comes the notion of infinite: we cannot imagine the 

greatest possible space, because any space, however great, being dis- 

tinctly conceived, we can as distinctly conceive a greater. Consequently 
the phrase “ space is infinite,” whatever more it may imply, certainly 
may be allowed to stand for an abbreviation of the preceding two 
sentences. And in like manner, if we see a conclusion—which we can 
nearly attain by the use of a large itude, more nearly by the use 
of acter lan #0 on without limit, that is to say, as nearly as you 
please, if we may use a magnitude as large as we please, but which is 
never absolutely attained by any magnitude however great—then such 
conclusion may be said, for abbreviation, to be absolutely true when 
the magnitude is infinite. It thay appear to some as if the conclusion, 
under the preceding circumstances, is really true when the magnitude 


is infinite : this may or may not be the case, but the mathematical u 
of the word infinite does not require the question to be raised. The 
convention under which that term is introduced demands that 
preceding conditions shall be fulfilled, and excludes the word whenever 
they are not fulfilled : those who think that the fulfilment of the con- 
ditions makes that which we call a convention a necessary uence, 
meet on common ground with those who would reject the absolute — 
notion of infinity. The former are allowed their own words, and their 
own result, together with their own method of arriving at it; the © 
latter are not required to use the word infinite, except as an abbrevia- j 
tion: to the mere collocation of the letters which compose that word 
they can hardly object, and the conditions of its introduction are — 
precise and intelligible. We shall now give a few instances of the — 
development of propositions in which the word infinite appears, = 

1. When 2 is infinite, a is equal to B. This may be said in abbre- 
»viation of the following :—When z is great, a is nearly equal to B; A 

may be made as nearly equal to B as you please if we may take z a8 
great as we please; but no value of z, however great, will make a 
absolutely equal to 8. 5. 

2. A finite quantity z, divided by am infinite quantity, is ing.- 
If x be divided by a comparatively great quantity, the quotient is 
small; this quotient may be made as small as you please, if we may 
take the divisor as great as we please; but no divisor, however great, — 
will make the quotient es sape: equal to nothing. 

3. Every circle is a regular polygon of an infinitely great number of 
infinitely small sides. An inscribed polygon of a large number of 
small sides nearly coincides with the circle; a polygon may be made to 
coincide with the circle as nearly as you please, it its number of sides 
may be as great as we please, and their | as small as we please; 
but no polygon, however great its number of sides, and however small oa 
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the sides, can absolutely coincide with the circle. 

4, When < is infinite a and B are both infinite; but a is 
greater than B, This may be said when if x increase, a and B b 
increase, so that a and B may both be made greater than any q' —_ 
you name, provided we wage Onesg x as great as we please ; provides 
also that A increases faster than 8, so that when you name any number, — 4 
however great, we, being allowed to make x as great as we please, can 
make A contain B more than that number of times, K 

5. When x=a, z is infinite. This may be said when z is great if x 
be nearly equal to a, and may be made as great as you please, if z may — 
be made as nearly equal to a as we please: provided that, however — 
near « may be to a, z has still an assignable value. : 

The preceding instances are sufficient to show what is meant when — 
the terms “ infinity,” “ infinite,” or “ ey ee appear: we now 
proceed to the correlatives “ nothing,” “ infinitely small,” “ e ee 
&c. The independent use of the term “ infinitely small,” as laid down 
by some writers, is yet more difficult than that of infinitely great. If 
A be an assignable magnitude, « is said to be infinitely small when itis — 
so small that it is absolutely incomparable to a, so that a+a and A | 
may be taken as equal. Now, unless z be absolutely equal to n Se 
this cannot be ; so that the infinitely small quantity, as thus defined, 
can have no magnitude whatever. Here we seem to rest, not inan — 
absurd, but in a useless conclusion : for what possible benefit can arise 
from inventing a new word to stand for the nothing by which.two 
equal magnitudes differ. A little further-consideration of the term 
“ nothing” will here be necessary. , 

There is one process of arithmetic which yields an absolute zero, 
namely, subtraction. From a@ take a, and nothing remains, Con- 
sequently, in considering the idea of the absence of all ‘itude, we 
usually refer it to the result of that process by which it is directly and 
unambiguously obtained. But from no other process of arithmetic 
does this idea arise, except by the same train of ideas which leads us to 
the use of the word infinite, We cannot, for example, obtain the 
quotient “ nothing” by dividing one finite magnitude by another; we 
can make the result small, smaller,as small as we please, but not 
absolutely nothing. When therefore we consider an equation made by 
addition and subtraction of terms, the absolute result 0 may be 
without reservation : thus, 27 + 3=a, and 2z + 3 —a=0, may be 
written for each other without any particular examination of the 
symbol 0. But in any other case we can only consider 0 as the limit 
towards which we approach by an interminable succession of diminu- 
tions, no one of which is ever final, corresponding to the interminable 
succession of augmentations by which we attain the notion of infinite, 
In strict analogy therefore with our former proceeding (mutatis 
mutandis, we repeat our words) if we see a conclusion—which we can 
nearly attain by the use of a small magnitude, more nearly » rae 

ich is 
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ofasmaller, and so on without limit, that is to say, as near 

please | Bass use of a magnitude as small as we please, but w : 
never absolutely attained by any magnitude however small; then 
such conclusion may be said, for abbreviation, to be absolutely true 
when the magnitude is nothing. The sentences immediately following 

the first occurrence of the preceding words may now be repeated, 

only changing “ infinite” and “ infinity” into “ nothing.” 4 


ut inthe meanwhile the term infinitely small does not appear, and 
its use seems to be superseded by that of the word “ nothing.” And * 
| it is true that “nothing,” introduced under the preceding conditions, 
| might supply the place of an infinitely small quantity. But since 
, there is an absolute use of the term “ nothing,” derived from subtrac- 
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tion, to which the mind clings, and of which we do not find the like 
in connection with the term infinity, we shall, after some further 
explanation, use the term infinitely small instead of “nothing.” 

fe ieee certion sca mite will readily show the meaning 
of the assertion; two infinitely great quantities may have a 
finite ratio, As follows :—when a and B are great their ratio may be 
nearly, say that of 10 to 7; when they are still greater they may be 
still more nearly in that ratio, and so on; and their increase may be so 
regulated that the greater they become the more nearly is their ratio 
that of 10 to 7; or as nearly as you please, if they may be as great as 
we please. Similarly, strictly remembering the steer, Hot conditions 
for the introduction of the word “nothing,” we may allow of the 
introduction of the following phrase :—two nothings may have a finite 
ratio. This means that a and B, both diminishing together, may 
diminish in such a way that when both are small their ratio may be 
nearly, say that of 5 to 3; when they are still smaller they may be 
still more nearly in that ratio, and so on: and their diminution may be 
80 that the smaller they become the more nearly is the ratio 
that of 5 to 3; or as nearly as you please, if they may be as small as 
we please. 

But the idea of two nothings which have a finite ratio, however 

defined in accordance with the preceding conditions, shocks 


the conditions correlative to 
the conditions under which the use of infinitely great is allowed. But 
it must be remembered that if the infinitely small quantity thus intro- 
GiaeY be WAM 40 ox vubtencied frais fale quantity it makes na 
change in the latter ; just as if it were the nothing of arithmetic. A 
few instances of the development of propositions will now be given. 

1. When 4 is infinitely small 8 is infinitely great. As a diminishes 
B increases, and B can be made as great as you please, if a may be taken 
as small as we please. 

2. An infinitely small are of a curve is equal to its chord. The 
smaller the arc the more nearly are the two in the ratio of 1 to 1; and 
the ratio may be made as nearly as you please that of 1 to 1, if the are 
oy Asana ow aro dppdieh tacoma 

. Of two infinitely small quantities, one may be infinitely smaller 
than the other. When two magnitudes, a and B, diminish together, 
the smaller they are made the greater may be the ratio of a to B, in 
consequence of 8 diminishing much faster than a; and it is possible 
that a may be made to B in as great a ratio as you please, if both may 
be made as small as we please. RSs sia seal Yea sao adhe has 
are instances. Both diminish without limit with the angle; but 
smaller the angle the greater the number of times which the sine 
contains the versed sine; and this to any extent whatever. 

Infinitely small quantities thus used have been called infinitesimals, 
and a succession of infinitely small quantities, each of which is infinitely 
smaller than the ing, is said to be a series of infinitesimals of 
different orders. Such a series is x, z*, 2°, &c., in which, by making z 
sufficiently small, any one may be made to contain the next as often 
as we please. The infinitesimal calculus is a name sometimes given to 
the di tial calculus, when presented by means of the th of 
ey small quantities, in manner originally iescniaiel by 

ibnite. 

The preceding considerations refer to the substance of nearly all the 
disputes which have arisen about hy 54 ote of the differential 
calculus [DirrenentiAL Catcutvs] ; and the different systems noticed 
in that article (with the ion of that of Lagrange [Funcrions, 
Fahy ), Spring out of di t views of the manner of presenting 

same 

In the article Anete we have taken notice of the circumstance that 
an extension of the word “equal” to infinite spaces which coincide, 
would allow of a proof of the well-known assumption of Euclid. 
[Parattecs.] Let us suppose two equal angles having their sides 
infinitely. extended. We have then two infinite spaces, of which it may 
readily be proved that either may be made to coincide with the other 

t its whole extent. And if any two angles be taken, and 
ee ee ee eee ee ence space 
of the sighs is pioakes thant the PASI fence of. the lens. e 
comparison of such infinite spaces is therefore possible consistently 
with perfect clearness in the meaning of the terms employed, and a 
simplicity of reasoning which would convince any one who is capable of 
the most i thought. Had Euclid been accustomed to the 


to coincide in A oe gee ee well 


as finite . Not Hy Bsr ttseaten adherence to his standard 
has to day excluded the only proof of the theory of parallels 
which does not assume the axiom of Euclid or an equivalent, For 


demonstration see PARALLELS. 

There is a word which confusion of ideas is bri 
sense of infinitely small; namely, homeopathic. e confusion is as 
follows. The system of medicine called homeopathy (which means 
treatment by similarity), proceeds upon the doctrine that diseases can 
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into use in the 


be cured by use of the medicines which would produce similar diseases 
in a healthy person. But the homeopathic practitioners also hold 
that excessively small doses, millionths, billionths, decillionths, of 
grains, are sufficient for cure. The general public, which more readily 
apprehends the unusually small amount of the doses than the principle 
on which they are given, has accordingly appropriated the word homeo- 
pathic as a synonyme of injinitesimal. bs 

INFLAMMATION (from injlammo, to burn). When any part of 
the body is preternaturally hot, red, swollen, and painful, such a part 
is said to be inflamed, or in a state of inflammation; and when these 
symptoms prevail to a certain extent, or affect very sensible parts, that 
general constitutional disturbance called fever is excited. 

Inflammation may be either acute or chronic, circumscribed or dif- 
fused, common or specific. The term common, or healthy inflammation, 
is applied to all those inflammations which occur in a person other- 
wise healthy, which run a regular course, are usually of an acute 
character, and terminate in one of the conditions hereafter to be 
described. Specific, or unhealthy inflammation, unless produced by 
the direct action of a morbid poison, as that of syphilis, variola, &c., 
never takes place in a healthy individual, but is always modified by 
some p? isting peculiarity or abnormal condition of the system, 
frequently hereditary, and is generally chronic. - Although pain, heat, 
redness, and swelling, characterise inflammati ion in its most ordinary 
forms, it is by no means uniformly attended with all these symptoms ; 
this is a circumstance which depends on the anatomical structure of 
the part affected, and on the duration and kind of the inflammation. 

Terminations,—Inflammation is said to terminate in three ways :—by 
resolution, suppuration, and mortification. By the first, which is the 
most uent mode of termination, is meant a gradual subsidence of 
the swelling, a diminution of the heat, pain, and redness, and an abate- 
ment of the fever; the parts return to their natural size and colour, 
and no pus or matter is formed. Suppuration is said to have taken 
place w the inflammation goes on to the formation of pus; the 
swelling then becomes more prominent, of a shining red colour, and 
soft in the centre; if now no artificial opening be made, the matter 
obtains exit through one or more orifices produced by the absorption 
of the walls of the cavity in which it is contained, and the abscess, in 
popular language, is said to have burst. Mortification is the least fre- 
quent but miost severe mode in which inflammation can terminate, and 
usually is productive of great constitutional disturbance; when it is 
the result of a high of inflammation, the attendant pain is ex- 
ceedingly severe, the bright red colour of the part becomes livid, and 
vesicles form on its surface ; complete death of the part then takes place, 
and the pain abates, but the pulse is small and feeble, and great prostra- 
tion of stre , with troublesome hiccup, are the constant attendants. 

Causes.—The remote or exciting causes of inflammation are produced 
either by mechanical violence or by the action of chemical or other 
agents; but it sometimes occurs spontaneously, or without any per- 
ceptible cause for its production, ith regard to the proximate cause, 
this is a question which is not so easily solved; it fal occupied the 
attention of ologists from the earliest times, and the number of 
theories on this subject attest the number of those who have interested 
themselves in the inquiry. The older pathologists imagined that all 
inflammations were produced by a fluxion, or flow of certain humours 
to a part, and the peculiar nature of the swelling was supposed to 
depend upon the kind of humour; thus blood produced phlegmon, 
bile produced erysipelas, &e. After the discovery of the circulation of 
the blood by our immortal Harvey, Boerhaave appears to have been 
the first who applied the discovery to the solution of this complicated 
question ; he su that the minute blood-vessels became obstructed 
by the viscidity of the blood, or where this viscidity did not previously 
exist he imagined that the larger globules of the blood passed into the 
small vessels and blocked them up._ But change in the consistence of 
the blood being found inadequate to explain all the phenomena of 
inflammation, it was supposed that the vessels themselves contributed 
chiefly to its production, and the doctrine of spasm of the extreme 
arteries began to prevail, Mr. Hunter considered inflammation to be a 
restorative principle by which injured or diseased parts are repaired, 
and the act of ‘atanaciadion he regarded as an increased action of the 
vessels, which at first consists simply in an increase or distension beyond 
their natural size. 

The lication of the microscope to the investigation of the con- 
dition of an inflamed part has very materially changed the views of 
pathologists with regard to the nature of inflammation. If the tissues 
of an animal in a state of inflammation be examined, the following 
phenomena may be observed. 1. The capillary vessels of the part are 
observed to be narrowed, and the blood in consequence flows through 
them more rapidly, 2. The vessels from being narrower than natural 
become larger, and now the blood flows through them more slowly 
but evenly. 3, Changes go on in the capillary vessels, and the flow of 
blood is aseved to be irregular, not even, asin the second stage. 4. If 
the observation be continued, the blood is seen to be arrested altogether 
in the capillaries, and these vessels appear to be distended to the utmost. 
5. The last and most important phenomenon in the series is, that the 
liquor sanguinis of the b) is seen to exude through the walls of the 
blood-vessels, and is sometimes accompanied with the red blood 
corpuscles, which pass through either the softened or ruptured walls 
of the capillary vessels, The most important of these aoe and 
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some ha 
ves were at fault, others have attributed the state to 
the condition of the nerves of the part, and others again haye traced 
the changes to the condition of the capillary vessels. however agree, 
that inflammation involyes an altered supply of blood to the inflamed 
part, and a ed condition of the nutritive of the blood. 
The results o Eble pecpemme stPough snzaspert up in the Sine Reese 
nations before mentioned, may be still further developed. Thus wi 
Mr, Paget, we divide these effects into uctive and destructive. 
The productive effects are effusions or exudations which are a A 
tible of permanent development, and also of degeneration. 
destructive effects of the lacie aan are softening, degene- 
ration, absorption, ulceration and death of tissue, or mortification. We 
will here merely indicate the nature of these results. 

Effusion or exudation. According to the tissue in which inflam- 
mation occurs, will be the liquid nature of the exudation. In serous 
membranes the exudation is attended with so much water or serum, 
that large accumulations of water take place, producing what is called 
dropsy or effusion. .A good example of effusion from inflammation is 
the action of a common blister. In all cases of effusion of serum, a 
quantity of fibrin is poured out which is left after the water has been 
absorbed. This is seen in inflammation of the peritoneum, pleura, and 
pericardium. The distinction between effusion from obstruction, and 
effusion from inflammation is, that the latter contains organisable 
matter, whilst the former does not. . 

Blood is sometimes effused during the process of inflammation by 
the rupture of the capillaries. This effusion must not be confounded 
with hemorrhage from accidental rupture, which ces quite a 
different appearance in the part. The latter is bright red, whilst the 
former is yellow-red or brown. 

The plastic matter exuded from the blood-yessels during inflam- 
mation is called “inflammatory lymph,” or “ coagulable lymph,” or 
“exudation.” Its most characteristic general properties are, that it 
is capable of spontaneously organising itself, and that thus organised it 
may proceed by development to the construction of tissues like the 
natural structures of the body. It is, however, occasionally modified, 
and, instead of producing natural structures, it produces structures 
different from dom existing in the body. The exudation, producing 
new or heterologous formations, has been called by Williams kakoplastic ; 
whilst Bennett divides exudation into simple, tuberculous. and cancerous. 
™ The simple variety of exudation uces differeny results, accord- 
ing to the following circumstances ;— 

1. The nature of the tissue in which the exudation takes place. 

2. The time at which an exudation is examined after its occurrence. 

8. The state of the blood in which it takes place, as in small-pox, 
scarlet fever, &c. 

4. The amount of vascularity of the affected part. 

5. The amount of local exudation. 

6. _ suddenness sit ane the exudation has taken place. 

7. The persistence of the inflammatory : 

8, The amount of fluid or water paiek ton wi the inflammatory 


lymph. 

These circumstances modify the appearances which will be presented 
by an inflamed part, and will also modify to a less considerable extent 
the local and general mpneicts of inflammation. 

On examining the — or exudation under the microscope, it is 
found to consist of a liquid containing in it corpuscles which are called 
“exudation cells." They are rough on the surface, and about the 

th to the «bath of an inch in diameter, and at first present neither a 

istinct cell-wall nor nucleus, but afterwards a distinct nucleus.is seen 
in them. From the lymph thus constituted proceed all the forms of 
secondary deposits which are found resulting from inflammation. 
These primordial cells pass into all the conditions of texture which are 
found in the tissue in which inflammation takes place, aa muscle, 
nerve, bone, &c. 

These cells are exposed to various forms of degeneration. When what 
is called suppuration comes on they form the “ pus cells,” and other 
eells which have been described by microscopic pathologists. Suppu- 
ration is either circumscribed, diffused, or superficial. The cireum- 
scribed is well seen in the common abscess, boil, or phlegmon. The 
diffused in phlegmonous erysipelas and purulent infiltration, whilst 
superficial suppuration is observed in purulent ophthalmia and inflam- 
mation of mucous surfaces. 

The result of the tuberculous and cancerous forms of exudation is 
the production of deposits known by the names'of cancer and tubercle. 
(Cancer: Tonxacre. | : 

The destructive effects of inflammation are seen in softening, absorp- 
tion, ulceration, and mortification more particularly. In softening there 
is little or no plastic power in the lymph thrown out, and the tissues 
attached lose their natural cohesivencss. This ing occurs in 
inflammation of the mucous membranes, of the brain and spinal cord, 
and of the bones. Absorption frequently occurs with softening, and 
this is seen in the common process of the pointing of an abscess, in 
Which the tissues soften and are absorbed, 


globules th 


¢infomatory lgiph, In which the 
ol 
cella, aned.eu absorption of the 


vital processes of cease in a part. 
extensive, or the whole of an organ 
may be attended with effusion, or it ma) 
liable to the occurrence of this 


. General Symptoms.—The symptoms attendant on inflammation will 


vary of course with the extent, position, and nature of the 

ppc ao fe pel poe seedy pened 
mmation may come on slowly, any 

at all, and that the general symptoms of inflammatory fever may 

present without any Ciamritiar There are however certain 

symptoms of inflammation which are so frequently present ies ee 

constitute what is called inflammatory symptomatic or 

fever. This faves: 4 wbtondied. with pessnoaitary spmaptots of selanen 

and shivering, which are succeeded by a which 

is at first small and slow, becomes quick and hard. 

—< tly snereneta nate. of paar Ber apa aan ee m4 
© ski wels are co! 5 Petite ace There 


The tongue is coated, white, and moist. These are the 
inflammatory fever of an actiye kind, but it is not 
have this fever from the beginning ting an a 
This has been named i ragga ag Se It is 

with great feebleness. pulse si skin becomes moist and 


cold, the features are pinched, the tongue is dry and becomes 
Low muttering, delirium, and stupor are present. These 
may be present from the first, or occur when some unhealthy 
takes place in the character of the local i 


Hectic fever is another form of inflammatory fever. It accompanies 


those conditions of the inflamed part which are. called bn hee 

This fever is attended with remissions. In the day the feyer is sli 

but it recurs at night, and is attended with heated skin, and 

red face, “ hectic spots.” The fever is at its height at midnight, 
iiquative sweats, and frequently accompanied by 


Treatment.—Of course the treatment of inflammation must yary 
according to its seat, extent, and nature of the general symptoms. When 
the inflammation is of the simple kind its tendency is towards 
and the less interference there is the better. The great question 
has been raised on the treatment of inflammation is the iety of 
blood-letting in acute forms attacking important organs. T - 

ified the notion that 


gical views given aboye have greatly m 
was the best remedy in all forms of inflammation. It does n ar 
that the abstraction of blood exercises any important influence on th 
inflammatory process at all, and Dr. Hughes Bennett maintains that its 
influence on the system is injurious, hence he forbids bleeding for the 
certain inflammations, however, 
the lungs, the circulation of the blood is retarded, and in these 
cases bleeding, by lessening the volume circula- 
tion, and is to be recommended. The } from 


are tartarised nee digitalis, aconit 
of chlorate of potaés, saline and other pases. pro- 
perties of these medicines are treated of under headings, 
and the treatment of inflamed conditions of the more Ravetes organs 
will be found under the heads of these diseases, or of the diseases of 
organs, as PLeuriris; Perrronitis; Hyant, Diseases oF ; 
NEYS, Diseases or ; Sku, Diseases oF, Xe. Oh 
(Hunter, On Inflammation ; J. Hughes Bennett, Principles and Prac- 
tice of Medicine ; Watson, Lectures on the Practice of Physic ; Aitken, 
The Science and Practice of Medicine ; Wedl, Pathological Histology ; 
Simon, Lectures on Pathology ; P: Lectures on Surgical Pathology.) 
INFLEXION. ([Drrrractrion, 
INFLEXION. A point of contrary flexure [Fiexurn, Contrary] 
is sometimes called a point of inflexion. ; 
INFLUENZA (La Grippe, Fr.). Influenza is the name given by 


the Italians to an epidemic catarrh, which has spread more extensively 


than any other epidemic ; ant this bwin of its “tsa i 
with the greater severity of its = iy i 
from common catarrh, ™ sitackad ages and conditions of life, but is 


seldom fatal 


to the aged, or to those previo suffering 
or having a disease, Ni 


lency to pulmonary 
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there has been in its be nae and the records of cases which oceurred 
in 1510 nearly resem 


air-passages, or leurisy.and pneumonia. The duration of the disease 
varies from pes two days to a fortnight ; but great debility often 
remains behind for many weeks; and in some epidemics relapses have 
been frequent. 

Several epidemics of influenza have been remarkable for affecting 
the mucous membrane of the alimentary canal, as well as that of the 
organs of respiration. The cases occurring towards the subsidence of 
the epidemic are generally less severe than those at its commencement. 

ot eran! Sele ore aaa ge once it sorely 
appearance it pursues a regular course from one country to another, 
from continent to continent, across seas and over renee seth 
course, although regular as regards each epidemic, yet varies some 
with most. In 1510 its course was in a north-westerly direction; in 
1557 due west; attacking whole populations almost on the same day ; 
in 1580 from east and south to west and north, and was complicated 
with plague, but France was the only European country infected that 
with the latter. The epidemic of 1729 was very fatal in London ; 
we more died of it than at avy one time since the 
plague of 1665. the month of September, 1729, 1000 weekly were 
carried off by it in the metropolis. The epidemic of 1803 travelled 
from south to north. England was also severely visited in 1831, 1833, 
and 1836-7, and it figures more or less in all the yearly returns of 
mortality in every year since. It is worthy of note, that in all these 
epidemics the lower animals have suffered. The destruction of horses 
and cattle in 1836-7 was very great. Dogs, cats, and birds also suffer, 
and it is even said fish. 
These epidemic visitations have taken place most frequently in the 
ing and autumn, but have seldom remained at one place longer than 
di weeks. In 1836 it broke out in Cape Town in Africa at the same 
time as in London; in the one place it was mid-summer, in the other 
mid-winter. : ; 
_ On the exciting causes of this, as of all other epidemics, we must 
confess our ignorance. Some have attributed it to the sudden 
of weather ; others to a particular morbid principle, different from but 
resident in and conveyed by the air; others again to contagion. 
The first of these hypotheses is evidently untenable, for atmospheric 
changes as it and sudden have taken as some of those observed 
Swen e breaking out of the epidemic, and yet none has appeared, 
and an epidemic has occurred without being preceded by any apparent 
atmospheric peculiarity; the sensible state of the air, too, preceding 
and accom ing the same epidemic has been different in different 
e doctrine of contagion, although it has had more advocates 
either of the former hypotheses, does not appear to rest upon any 
better foundation. It remains, then, to e e the validity of the 
second hypothesis—namely, the existence of a morbid principle resident 
in and conv by the air. Now the very doubts on any subject 
which give to theories for explaining the phenomena connected 
with such subjects presuppose the want of any direct proofs or evidence 
of a tangible shape; and if—putting aside the idea of the epidemic we 
are speaking of being caused by any deleterious or unwholesome quality 
of our food—we allow the atmosphere to be the medium of conveyance 
of the morbid principle, we must admit that all endeavours hitherto 
made with the view of demonstrating such principle have only afforded 
negative results; neither does it appear that there is any one spot on 
the earth whence it emanates. 
However great the discordance of opinion on the cause of this malady, 
all physicians of eminence have agreed remarkably in their testimony 
as to he general rules and principles of . Notwithstanding the 


inflamma: nature of this disease, bleeding is ill borne, and,can rarely 
be employed with safety, much less with benefit; and persons who 
have been subjected to operation recover more slowly than others, 


and remain in a debilitated condition much longer. In severe cases, 
emeties at the commencement have been found useful, either in cutting 
short, the disease or in moderating its violence. Mild aperients adminis- 
tered with caution, the exhibition of antimonial and saline medicines, 
and a cool temperature, constitute the means which experience has 
found to be most efficacious during the acute stages of the disease; 
whilst quinine and stimulants are beneficial in the latter } 
INFORMATION, an accusation or complaint exhibited against a 
for some criminal offence. It differs from an indictment princi- 
pally in this, that an indictment is an avcusation found by the oath of 
# grand jury, whereas an information is simply the allegation of the 
officer exhibits it. Informations are of two sorts: those which 
are partly at the suit of the crown and partly at that of a subject; and 
— such as are in the name of the sovereign only. e former 
are exhibited for numerous offences inferior ~ Baca as —_ ms 
a justice of the peace, libels, conspiracies, &c., 

ad to Ast. Uy the uate of the crown-office, 


The latter are filed } 


the attorney-general at his own discretion, and are called ex officio 
ions. The former kind, which are called criminal informations, . 

can only be filed by leave of the court of Queen’s Bench,-and the appli- 

cation for leave must be supported by affidavits which the party com- 

plained of has an opportunity of answering. When an information of 

either kind is filed, it must be tried in the tisual way by a petit jury 

in the county in which the offence was committed. 

When it is necessary for the Court of Chancery to interfere with ~ 
the regulation or management of any charity, thé attorney-general, on 
the relation of some informant (who is ed the relator), files an 
information in the Court of Chancery for the purpose of bringing the 
case before the court. s 

Proceedings in the Exchequer for the recovery of duties or penalties 
are also called infgrmations. “4 

INFORMER, An informer is 4 person who lays an information or 
prosecutes any person for some offence against the law or a penal 
statute. Such a person is generally called a comthon informer, because 
he is supposed to make a business of laying informations for the pur- 
pose of obtaining his share of the penalty. Persons are induced to 
take the trouble of discovering offences, for which a pectiniary penalty 
is inflicted on the offender, by the promise of the reward; and if the 
penalty is imposed for the ptiblic interest, lie who makes the offérider 
known does the public a service, Btit still the businéss of 4 comtion 
informer is looked on with dislike, and he who follows it is generally 
despised ; and perhaps the character of common informers is genérally 
such that they deserve all the odium they receive. They statid iia 
like situation to the common han This dislike of informers, 
simply as such, is ore of the anomalies of society, who hate their bene- 
factor. The real foundation of the dislike; however, among those who 
can form a just judgment of things, is, not the act of information, but 
the devices, tricks; and meantiesses to which 4 man must often resort, 
in order to know the facts o which his information must be founded. 
It is the same principle which often leads us to condemn a man for 
making certain statements in public, not because of the statements, but 
because of the means by which he may have obtained his knowledge. 
When a penalty is too heavy, or when tle law that iniposes it is 
generally disliked by the people for any reason, good of bad, the 
popular dislike finds a definite object in the informer who gives effect 
to the law. The legislature that made the penal law is overlooked, 
because the legislature is a number of persons; the ihformer is one, 
and his agency is seen and felt. 

In absolute governments theré are spies and political informers; who 
are the tools of a government which has no rule but its own pleastire. 
Some people have been dull enough to confound all informers in one 
class, not seeing that there is a differetice betiveen an informer who 
helps to give effect to the law, and an informer who helps a tyrannical 
government to entrap amd punish persons suspectéd of disaffection to 
the government or of designs against it: 

INFUSIONS are solutions of sonie of the principles of végetables, 
generally in water, but occasionally in other vehicles. When water is 
employed it may either be hot or cold. It is customary to tise warm 
water, but in many instances cold is preferable, Where cold water is 
used, it is necessary to continue the digestion longer than wheii it is 
warm. The vegetable substances may either be fresh or dried : when 


the former, they are to be cut to pieces; when the latter, bruiséd or 


very coarsely powdered, never reduced into a fine powder. The water, 
being poured on the substance employed; is to be allowed to stand in a 
covered vessel for a space of time varying with the natiire of the article 
submitted to midaceration. It must be strained, and is then fit for use. 
Infusions generally spoil soon, more particularly if watm water be 
employed, or if the substance contain starch or other fermeéntable 
ingredients, Sorhetimes alcohol is added; after straining, to adsist in 
keeping the infusion, or to increase its powers. Hard water should, if 
possible, be avoided in the preparation of infusions. 

Concentrated infusions, to be diluted to the ordinary strength at the 
time of employing them, are now prepared on a large scale by whole- 
sale chemists for the use of general practitioners, as they have not only 
the advantage of keeping better, but avoid trouble and Joss of time. 
Other improvements have been introduced, such as making the infusions 

lation, or, as it is termed by the French, par déplacement. Also, 
Appent’s mode of preserving vegetables has been applied [ANTISEPTICS]; 
and concentrated or preserved vegetable juices have been recorlimended 
and adopted by Mr. Squire (‘ Pharmaceutical Trans., No. iii., p. 94, 
Sept.,; 1841) and Dr. Bentley. These have many advantages. For 
infuso-deeoctions, see Drcoorions. 

INGROSSING. [Enonossine.] 

INHIBITION, in the law of Scotland, is a proceeding by which a 
ereditor may prevent his debtor from alieriating property either to 
favoured creditors or to other persons. Ni eatitatly it affects all pro- 
perty; but itis only in the case of real property that, from its being 
put on the register, it is efficacious. The debt on which inhibition - 
may proceed must be founded on some obligatory written docunient, 
or established by the decree of a court. The process may be recalled 
if improperly awarded. It convéys no specific security to the person 
who holds it, but it gives him a right to impugn every act which the , 
debtor does to his prejudice after the inhibition. If the inhibition be 
followed by proceedings to attach the estate at the instance of other 
creditors, the inhibitor has a preference over them if the debts have 
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been incurred subsequi to the inhibition, but not otherwise. 
Cee aera, vive cnetioaelacedanin pramaiennin tary tacionts 


juestions. 
INJUNCTION in ity. aaa ten in atttattoon 
order and under the seal of a court of equity, to restrain ies from 
in other courts, from n notes or bills of exchange 
to prevent the sailing of a ship, the n of a specific chattel, to 
prevent waste by fi timber or pulling down buildings, the infringe- 
ment of patents or copyright, to nuisances, and to put an end 
to vexatious litigation. It is impossible here to enumerate the variety 
of cases in which a plaintiff in equity is entitled to the relief afforded 
by the writ of injunction, : 

An injunction ag A be obtained ex Feriehes behind mar of the 
defendant (as the phrase is), imm r filing a bill, u 
motion : Smaart; or it ss be moved for after a 
defendant answered the plaintiff's bill, and on the merits of the 
case as appearing from the defendant's answer ; and if an injunction 
has been obtained ex parte, the defendant may immediately move to 
dissolve it on affidavits, even before he puts in his answer. 

An ex parte injunction, that is to say, without notice, cannot be 
moved for after the defendant has a) 

INJUNCTION at Law. By the Patent Law Amendment Act, 1852, 
power was given to any court in which an action for infringement of 
patent should be pending to direct an injunction if it should see fit. 

By the Common Law Procedure Act, 1854, courts of common law 
may grant an injunction, when claimed upon the writ of summons, in 
cases of breach of contract, or other injury, where the party injured is 
entitled to maintain and has brought an action. Such injunction is by 
way of supplement to the common judgment, and is against the 
repetition or continuance of such b of contract, or other injury, 
or the committal of any breach of contract or gs hw a like kind, 
arising out of the same contract, or relating to the same property or 

ight. 
ner his common law injunction has seldom been applied for, or obtained ; 
and a bill has recently been introduced into the House of Lords by 
Lord Chancellor Campbell, for, inter alia, enabling ome or = 
grant upon motion exclusive tection against probable violation o' 
legal, an di ingui from enetiahle; rights, The Roman interdiction 
was in many res} similar to the injunction, [Inrerpror.] 

INJURY, INJURIES. Blackstone, after treating of Rights, pro- 
ceeds in his third book to “ consider the wrongs that are forbidden and 
redressed by the laws of England.” He then divides wrongs into two 
sorts or species—private wrongs and public wrongs. To private wrongs 
he also gives the name of civil injuries, as being “ the infringement or 
violation of the private or civil rights belonging to individuals con- 
sidered as individuals.” Public wrongs are “a breach and violation of 
ion of crimes and misdemeanours.” 

The true nature of injuria is, however, contained by implication in 
another e ion in Blackstone: “The contemplation of what is jus 
is piseparty puler to what may be termed injuria.” For as jus is law, 
s0 injuria is something that is not jus, or is forbidden by jus. An 
injury, then, in the English law, is some illegal act; but the word is 
commonly used to express an illegal act done to a man or his property, 
for which he may by legal process get compensation. The English 
legal maxim that a man cannot recover or compensation when 
there is a damnum absque injuria, contains in it the true meaning of 
injuria or injury. The act must be an illegal act in order to entitle a 
man to compensation. If a man’s acts damage the property of another, 
without being such acts as are forbidden, the person who is damaged 
can get no compensation. For instance, a man may set up a grocer’s 
shop next door to another shop, and get all his neighbour's custom, 
which is a grievous damnum, but no injuria, It is true that the nature 
of the damage may in some cases help to determine whether it is a 
legal injury or not; but the true question always must be whether 
the act complained of is either at common law or by statute an injuria, 
an unlawful act, 

The Roman word injuria, as already observed, signifies generally 
anything which is done contrary to law (quod non jure factum est, hoc 
est contra jus). In its narrow sense, injuria was limited to unlawful 
acts that affected a man’s person, not his property, at least not directly. 
It comprehended personal violence, such as beating a man, and using 
abusive words to him, and libelling him. Injuria might be done to a 
man either in his own person or in the person of those who were in 
his power, as his children and slaves, or in his hand (manu), as his 
wife. The mode of proceeding was by the actio injuriarum. (Gaius, 
iii, 220-225.) 

The nature of Nana —_- in ioe is, og it 
appears, different from that of inj in i w, a8 properly under- 
stood ; for injuries in English pe ane civil injuries, or pat arw dann 
as Blackstone calls them, comprehend all the wrongs that are treated of 
in his third book—that is, all wrongs except crimes and misdemeanours. 
The Roman injuria belongs both to the head of law criminal and non- 
criminal, In some cases damages were got; in others, the offender 
was punished in his person: in some cases he might be punished by a 
pecuniary penalty and in his person also. 

INK, for the various purposes to which it is applied, is composed of 
very dissimilar ingredients, It may be treated of under the heads 


_— rights and duties,” and “are distinguished by the harsher appel- | with 
ti 


ot Writing Ink, Indian Priester’ Jak, Merking Tuk, al 
i t.—The its was essen! i. 
ferent frorft that which is now em) Its basis was finely-divided 
Pie map 
writing more 
rinters’ ink, both in the nature of its i 
pe Rg ol colouring ingredient 
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we been pier for Preparing ’ 
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be regarded as a black dye. The following, w! i 
Mr. Brande, gives, he says, an excellent ink, i 


and it 
of greater simplicity than most others :—Aleppo pills teuleels 
sul of iron, 4 ozs. ; arabic, 4 ozs.; water, 6 pints. 


in the water, then the other i ts, and keep the 
pe Neietg bottle, occasi it. In two months 
and pour off the ink into glass , Which must be well corked, 


prevent mould, add one grain of corrosive sublimate, or three ane 
phate 
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good vettog ink ples obi ro wipdish'tha patna 
writing i e great object is to i 
of iron to the galls. If it be in excess, although the ink may at first 
appear black, it becomes subsequently brown and yellow. Hence some 
time should elapse before ink is used after the ingredients are put 
together, in order to be tested from time to time, and the combinations 
perfectly regulated.” Gum is added to retain the colouring matter in 
suspension, to prevent too great fluidity in the writing, and to 
the vegetable matter from decomposition. ood and other vege- 
table astringents have been tried, but do not yield a permanent ink. 

When writing has through age become yellow and indistinct, it is 
because the vegetable matter has decayed, and mere rust, or peroxide 
of iron, is left. By carefully applying infusion of galls, the writing 
may be rendered blacker and more legible. This method was success- 
fully adopted in deciphering the of Gaius, a work on Roman law 
which attracted great attention among learned men in Germany about 
forty years ago, and which for a long time resisted all attempts to 
decipher it. Modern writing ink, unlike the ancient, is 
destroyed by chlorine, acids, and alkalies. Indeed, if Paper has bee: 
made from inferior rags, bleached by excess of chlorine, the ink, how- 
ie, es will be ultimately discoloured. Sulphate of is 
sio1 , added to ink, and some authorities direct it to 

i e addition of vinegar; but these substances are rather injurious 
than otherwise. i 

Blue writing ink is now much used; made sometimes from indigo, 
and sometimes from Prussian blue as a basis. : 
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es paper of Chinese manufacture. 


It is used in Europe for designs in and white, in which it 
the advan of affording various depths of shade, ing to the 
degree of dilution with water. The common lamp-black of the shops 


is not sufficiently fine for the purpose; it requires to be made with 


uuliar care. 
Printers’ Ink is of two kinds : for letter-press printing and for copper- 
plate printing. Printers’ ink is by_ boi ing or nut 
oil in an iron pot ; and if it does not take fire of itself, it is kindled, 
suffered to burn for about half an hour ; the flame is then extinguished 
by closely covering the vessel ; and the oil is by this operation found to 
have acquired the necessary drying quality, after being again boiled. 
It is then mixed with a gta quantity of lamp-black, when black ink 
is required ; if red ink be required, the colouring matter employed is 
vermilion, for finer works. Copper-plate printer's ink is made with 
oil which is less boiled, and the charcoal used is stated to be Frankfort 
black, made from vine twigs. 

Marking Ink is employed for marking linen: it is a solution of 
nitrate of silver, written with a pen upon the fabric to be marked, after 
the latter bas been moistened with an alkaline solution, as potash or 
ee, on process oe of silver is preci, ae upon and combines 
wi cloth so as to be scarcely removeable by any reagent which 
does not also destroy its texture. Aa! 

Sympathetic Inks are such as are invisible until heat is i 
then, by the chemical change induced, the writing becomes 
The most remarkable of these is that from cobalt, called 
Hellot’s sympathetic ink, which is a chloride of the metal, When the 
written paper is held to the fire so as to evaporate the water, the letters 
become green. 

The subject of ink has lately aiecres much discussion, arising out 
of a paper read by Mr, Underwood before the Society of Arts, In 
1857 the firm of which he is a member was applied to by the Govern- 
ment for an ink that would yield many copies of any written document, 
by means of some kind of copying palin 
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e. It was determined that 


the ink and the paper should have certain chemical relations, such 
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Oe ne eer ares comecat 
solution of extract of logwood as ink. By preparing three different 
strengths of solution, it was found possible to obtain from two to 
twenty copies of any document. A copying-ink has also been prepared, 

i both to printing and writing—a desideratum in many com- 
mercial establishments. The printing is first effected; and the ink so 
i is rendered petely soluble by moisture when the copying 
ie hk pres: into be Of course the colour and depth of the ink 
can never be otherwise than faint, by any use of the copying-press. 


them, in the blackness and durability of their ink. In Durham 
Cathedral there is a of the Bible, written by the Venerable Bede, 
in which the ink is beautifully black. Indeed there are numerous 
MSS. in existence, written from the 5th to the 13th centuries, of which 
the same may be said. Dr. Lewis, about a century ago, expressed an 
aibiiettads the sistleak ink oooxisted: of fine charcos] suspended. i: 
some mucilaginous fluid; and in this opinion Mr. Astle afterwards 
supported him. Sir Charles Blagden, some years later, applied 
chemical tests to many old writings, which afforded proof that the 
ink was not a mere mechanical mixture, but a true chemical com- 
pound. That there were different qualities of ink, then as now, is 
A parchment document is in existence, written in 1099, 


containing certificates written at different religious houses in 
Niladiasds iand. thes, thougis. written. nesrh at one time, exhibit all 


of the old ink was merely a carbon pigment, but that other kinds 
dyes of iron and acids, with a good deal of carbon 

In reference to printing ink, it may be remarked that the ink of the 
first block books is found usually to be bad; whereas that of the first 
books is much better—so much so, indeed, as to excel 


| 


the i modern ink in depth, brilliancy,.and richness of 
black. wo net tog ere phe a. gant! Ap smphaae or toad 
for, in order to be really good, it should possess e four qualities— 
to distribute freely and work with sharp, defined outlines on the type ; 
eG pea teteon Angle eae paper than for that of type, 
in order to transfer oF he a more quickly on paper than 
on type or an inking- 3 and to be proof against the effects of 
time and chemical reagents. We may here that the bank-note 


, is prepared from coal-tar naphtha ; this 
i chambers, the smoke or soot is collected, 
retort to a heat sufficient to drive off all volatile 
is then ground up with a peculiar varnish, producing 

of intense blackness, 
outline, and dries so as to be fit to 
The miscellaneous kinds of ink, under the names of japan, invisible, 
i i ic, &c., need not be described ; they 
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useful in travelling, is generally made by mixing ingredients dry, 
and adding boiling water in certain when required for use. 
Leonardi’s alizarine or solid ink, introduced in 1858, at Dresden, is 
made of Aleppo galls, Dutch madder, sulphate and acetate of iron, 
and sulphate of indigo, combined into the form of small round cakes ; 
a portion of one of these cakes is dissolved in water when required 
for 


use, 
INLAYING, is the art of inserting pieces of one substance in 
cavities cut in the surface of another, a8 a means of ornament. The 


and thin, and are worked in short quick movements. In Buhl work, 


the erally consist of continuous lines, of which the honey- 
ie a familiar example; this does not require the actual separa- 
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left hand, a small hole is made with 
not very conspicuous, the saw-blade unloosened fr 


| is thrust through this hole, the saw-handle is then fixed, and the work- 


man proceeds with his sawing—dexterously turning the saw and the 
material about so as to make the tortuous cut correspond with the 
lines of the design. Sometimes three or four veneers are cut in this 
way, affording means for greatly varying the colours of the inlay. 

e ornamental stone-work called pietra dura bears more resem- 
blance to inlaying than to mosaic; for the holes are not cut through 
the , but only to a certain depth, in slabs of black marble; and 

bits of other coloured marble are inserted to this limited depth. 
The inlaying of knife and fork handles with studs of gold and silver, 
is similarly effected by drilling holes to a certain depth, and inserting 
fragments of gold or silver wire. The inlaying of papier-maché with 
pieces of mother-of-pearl, or other iridescent substances, is not strictly 
tn-laying in the sense here employed: for the decorative substance, 
cut into the forms of leaves, flowers, or other devices, is laid on the 
papier-maché, and a general level produced by many thicknesses of 
varnish—in the way described under Parrer Macué. 

The delicate fine-art workmanship of mosaic, produced by the juxta- 

ition of numerous small pieces of enamel, is described under 

OsaIc; while the application of wood in ornamental devices to floor- 
ing, is treated under QUETRY AND PARQUETRY. 

In the Jury Reports of the Great Exhibition it is said, in reference 
to the gold and silver work in the Indian collection :—* Herein the 
least possible amount of metal is so treated by delicate hand-labour, 
by exquisite pierced work, enamelling, and inlays, combined with such 
a thorough consideration of the treatment of surface by buhl-work, &c., 
as to give the greatest amount of skilled workmanship with the smallest 
quantity of material. . .. . . The Eastern nations largely practise the 
art of inlaying both in metal and in other materials; their weapons of 
war are decorated with inlaid work.” 

INN. The responsibility of innkeepers for the safe custody of the 
goods and chattels of their guests is one out of the numerous classes of 
cases that arise upon the law of bailments, and is placed by Sir W. 
Jones, in his Treatise, under the second subdivision Locatio Opeids of 
the general head Locatum. The law makes the innkeeper responsible 
for the safety of the goods of persons coming to his house, in the 
language of the ancient writ, causd hospitandi ; but he may be released 
from his liability either by inattention on the part of the guest to such 
reasonable rules as the innkeeper may think proper to lay down for 
the protection of the property of his guests,—by any act of negli- 
gence on the part of the guest himself,—or by his making use of the 
house not, as it is before said, causd hospitandi. Thus, if an innkeeper 
requires his guest to put his goods under lock and key, and the guest 
leaves them in a passage, whereby they are lost; or the goods are 
stolen by the guest’s own servant; or the guest uses his room in the 
inn as a show-room, into which a number of people are allowed to have 
access, and not as a lodging-room, the responsibility of the innkeeper 
ceases, The general interest seems to require that the law should be 
made still more strict as against innkeepers, as the good faith and 
responsibility of the innkeeper form the only security of the traveller, 
The Roman ee, on this subject is contained in the Digest iv., tit. 9. 

(Smith’s Leading Cases, ‘ Calye’s Case ;’ Treatise on the Law of Bail- 
ments, by Sir W. Jones.) 

INNS OF COURT AND OF CHANCERY. The establishment of 
these houses of law.is usually considered to be one of the effects of 
Magna Charta, which, by fixing the Court of Common Pleas at West- 
minster, brought together a number of persons who (as Spelman says) 
addicted themselves wholly to the study of the laws of the land, and 
no longer considering it as a mere subordinate science, soon raised 
those laws to that pitch of perfection which they suddenly attained 
under the auspices of King Edward I. They purchased at various 
times certain houses between the city of London and the palace of 
Westminster, for the combined advantage of ready access to the latter 
and of obtaining provisions from the former. ‘ For their liberties and 
privileges” (observes Mr. Agard, in an essay written in the end of the 
17th century), “I never read of any granted to them or their houses : 
for having the law in their hands, I doubt not but they could plead for 
themselves, and say, as a judge said (and that rightly), that it is not 
convenient that a judge should seek his lodging when he cometh to 
serve his prince and his country.” 5 

In Fortescue’s time iy Soren four inns of court and bere aps a 
chancery, the former being frequented by the sons of the nobility an 
srealiiaer gentry, and the latter by merchants and others who had not 
the means of paying the greater expenses (amounting to about “ twenty 
marks” per annum) of the inns of court. On working days, most of 
these students, he says, apply themselves to the study of law; and on 
the holy days to the study of Holy Scripture. But it appears that 
they did not entirely neglect lighter pursuits, for, says the same 
learned author, they learn to sing and to exercise themselves in all kind 
of harmony, and they also practise dancing and other noblemen’s 
pastimes. He says they did everything in peace and amity, and 
although the only punishment that could be inflicted (as the case is 
now) was expulsion, they dreaded that more than other criminal 
offenders fear imprisonment and prisons. 

The inns of court, formerly called “ hostels,” or in French, “ hétel,” 
are Lincoln’s Inn, the Inner Temple, the Middle Temple, and Gray’s 
Inn. : 

Lincoln's Inn appears to have taken its present name from Henry 
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Lacy; earl of Lincoln, whose house near Holborn had been for some 
time inhabited by students of law. It has a chapel built by Inigo 
Jones, the interior of which is very striking, and a noble hall and 
library, erected in 1846, from the design of Mr. Hardwicke, and recently 
ornamented by an elaborate and excellent fresco by Mr. Watts. The 
library contains a very and well selected collection of books, and a 
t many very valuable MSS.; amongst others those of Sir Matthew 
Fiale, A studentship, worth about 1001 a year, to be held for eight 
was founded by Christophér Tancred, Esq., for four students, to 
be educated in the study of the law at Lincoln's Inn. They are elected 
by the trustees for the time being of the Tancred Charities. The 
garden must have been much curtailed since the reigns of Henry VII. 
and Henry VIII, when, according to Mr. Lane, special enactments 
were made to prevent the students from hunting the rabbits in it, 

The Inner Temple.—This inn, as well as the Middle Temple, owes its 
name to the Knights Templars, who established themselves here about 
1185. After their dissolution the Temple came into the hands of 
“ divers professors of the common law that came from Thavyes Inn in 
Holburne.” In the reign of Henry VIII. the members of the Temple 
had divided into two societies known by the names of the Inner and 
Middle Temple, each having a hall and a library. 

The ch is common to both societies. It was founded by the 
Templars, upon the model of that of the Holy Sepulchite at Jerusalem, 
and consists of a round tower at the western entrance, and three aisles 
running east and west, and two cross aisles. In the tower are tombs 
of eleven of the Knights Templars, but with the exception of one, 
Geoffry de Magnoville, afterwards earl of Essex, it is not known whom 
the effigies represent. ‘ 

.. Gray's Inn is on the north side of Holborn. It takes its name from 
the Lords Gray of Wilton. 

Each inn of court is governed by its own benchers, or “ ancients,” as 
they were formerly called, who fill up the vacancies in their own body, 
usually selecting queen's counsel, and thus practically vesting the 
appointment in the Lord Chancellor. At Lincoln’s Inn the governing 
body is called the council, at the Temple the parliament. Their 
power is undefined, and sometimes assumed to be unlimited. In the 
two Temples and, Gray’s Inn, the benchers appropriate to a large pro- 
Se gagen of their number, chambers, which they may either occupy or 

et ; so that in this way large sums are often received by the fortunate 
seniors of the body, See farther, BARRISTER; 

Besides these four inns of court, there are eight inns of chancery, 
which are now only used as chambers, and are my inhabited 
by solicitors and attorneys. These are Furnival’s Inn, Thavie's Inn, 

ifford’s Inn, Clement’s Inn, New Inn, Lyon's Inn, Staple Inn, and 
Bernard's Inn. Several of the inns of chan have a hall, in some of 
which dinners are provided and terms kept, but they are now merely 

INOCULATION is the insertion of a morbid fluid formed in the 
body of one person into that of another. It has however been more 
particularly applied to the ice of producing small-pox by removing 
a small quantity of the fluid formed in the pustular eruption on the 
ékin of one m and inserting it beneath that of another. The 
latter (if he have not already suffered from the disease) will, after the 

of from seven to ten days, be affected with it ; but its severity, 

thus engendered, is in a majority of cases greatly mitigated, 
so that the proportion of those who die after inoculation is not greater 
than one in five hundred; while of those who receive the small-pox 
casually one perishes in every six. 

The practice of inoculating for the small-pox was introduced into 
this country by Lady Mary Wortley Montagu, about the year 1721, 
her son having thus received the disease during her residence in 
Constantinople. It had long been practised in Turkey and other 
Eastern nations, and its utility was well known before its introduction 
into England, both in the south of Wales and in the Highlands, 
Mungo Park also found that it was habitually practised by the negroes 
on the Guinea Coast. It was very slowly adopted in this country, and 
it was not until it had been practised on six criminals (whose liberty 
was promised to them if they recovered, as they fortunately did) that 
it was generally received. It was then almost universally had recourse 
to, till the introduction of vaccination; but since that time it has 
most deservedly fallen into disuse. Indeed whatever were the merits 
of inoculation in leasening the severity of the small-pox in the person 
inoculated, it was probably on the whole productive of more harm 
than benefit, by introducing the disease (as it certainly often did) into 
4 district previously free from its contagion; and thus, while it saved 
the life of one person, it became the cause of the death of many who 
caught small-pox from him. It is now very rarely practised, and 
the ex ing in public ways or places of persons having the small-pox 
is punishable. [Vacctartion.] 

Of the other eruptive fevers, measles and scarlatina are com- 
tunicable by inoculation, though with some difficulty and without the 
advantage of rendering the disease at all milder; but chicken-pox 
cannot be thus transmitted, and it is at present doubtful whether the 


Unless this be previously understood, the best instructions with 


vital union of one ot variety with another. This object may — 
be effected by either of the two operations in the case of many - 
but particular circumstances sometimes render inoculation the more __ 
proper method, as in the eases of the apricot and peach, which expand 
their leaves early in the spring, long before growth has commenced in 
the plum stock, on which they are worked: The pe} * 
found to be exhausted de 


such early mop we, being are 

the stocks can contribute a Riyepranh rnp lie fresh or matter 
for completing the union. It is jore found most to 
bud or inoculate them in the summer, when both scion and stock 


tation. } 
Buds, like grafts, may remain alive for some time after haying been — 
inserted on their stock, and may even effect a sort of adhesion to it 
but it is only when the alburnum of the two parts, in a nascent sta 
come in contact, that a pei ital union is acc 


are in a state of equal vege 


to the performance of the operation will be liable to misapplication. 
All buds have their origin in the med 
in the axils of leaves existing or that have existed; but 
has developed itself beyond the external bark, it 
and send down layers of liber, and its connection 
sheath is at that time destroyed. If the bud so detached be 
favourable circumstances on the alburnum of another allied * 
will derive moisture from the cambium, and continue to vegetate till , 
the granulations of cellular matter resulting from the effort of the 
stock to cover with fresh matter the part wounded by the introduction 
of the bud, meet with the alburnum elaborated by the inserted bud; 


ee on an 


peration is, generally speaking, 
the beginning of July to the middle of Aug be fe ae" ty 
varying to the season. The best criterion is the state of the 
buds and the degtee of coliesion between the of 
the stock. Ifthe buds on the young shoots have become. so far per- 
fectly formed outside as to bear separation from the branch, and 
bark of the stock can be freely raised, and exhibit an abundance of 
cambiumi in a fluid state, the operation may be ee If, on 
the con’ , the bark adheres rigidly to the albtirnum, or is set, as it 
is ically expressed, there is little chance of success. ‘ 
In the selection of buds it is n to disti 


_ 


“ oe 
ae a ee oe 


ecessary to distinguish those that are— 
formed for blossom-buds and those that would produce shoots in the 
following season. For example, in the ease of -trees trained 
against. walls, no buds with a single leaf at their base should be 
taken, for such, if the tree is in a bearing state, will only produce a 
blossom, even if it should remain on the tree; and when transferred it 
will either perish in winter or die after an imperfect development. ‘ 
On vigorous young trees in the open ground that are not in a blossom- | 
ing state single wood-buds may be readily found, and they are pré : 
to all others. When a bud on a wall has two leaves at its base it will 
produce from thence one wood-shoot and a blossom-bud; in fact, 
although only one bud is apparent, yet there exist two; since eye 
leaf has in its axil either a bud or the rudiments of one. Thus a‘shoot 
having buds with three leaves at their bases developes itself in the 
following spring, in the form of two blossom-buds and a wood-bud in - 


the centre, , : 
The operation of budding, or inoculation, is rmed in various 
ways; but the best and most general is that shield-bu or 


T budding, from the resemblance of the two cuts made in the bene 
the stock to the two principal bars of the Roman letter T. Ina 1 
part of the stock a forieantal cut is made through the rind down to 
the alburnum ; but care is taken that the incision only just reaches the 
alburnum. From the middle of this another cut is made downwards. 
The bud is then shaved off the shoot by entering the knife about half - 
an inch below it, then cutting nearly half way through the branch 
immediately below where the bud is seated, and finally by rrp p bees 
knife outwards abont half an inch above the bud. A ion of 

; but the wood 


and young wood will thus be taken along with the 
separated by being dexterously jerked off downwards 


must be carefully 
in the direction of the woody fibre, leaving only the small pe 
belonging to the base of the bud. If the wood were detac! by 
pulling u , this minute formation of alburnum belonging to the 
ud would likewise be removed, and with it the root, as it is called, of 
the bud, or vital speck. This will sometimes happen, whichever way the - 
wood is removed, and may be known by the appearance of a small hole 
below the external convexity of the bud. When this the 
operation must be repeated. ‘The bud being thus pi its bark 
pared 80 a8 to be easily introduced below that of the stock, and as much 
reduced as its immediate connection with the bud will it, the 
bark of the stock is raised with the thin flat ivory handle of the bud- 
ding knife by entering it at the an formed by thé transverse and 


exanthematous typhus fever can. Other cases in which dis are 
produced by inoculation are treated of in separate articles, as Hypko- 
PHopta, &e. : 
INOCULATION is an operation performed on numerous species of 
_Exogenous plants, and; like grafting [Grartivo), has for its end the 


rpendicular incisions above described, taking care not to disturb the 
bed of cambiam ; on the latter the bud; with its shiekd-like portion of 
bark, is placed, its upper part being then cut off, so as to coincide with 
the transverse section on the bark of the stock; the lips of the 
pendicular incision are closed, or at least brought down upon the shield 
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877 INOSIC ACID. 
of the bud; and the whole is bound down with a strip of pliable 
matting, the point of the bud only being missed by the bandage. 


The latter must be untied and slightly re-tied when the swelling of 
the stock indicates the necessity of the operation. 

INOSIC ACID (€,,H,N.0,,,HO?). This acidisa constituent of the 

of meat. It is best pi from the flesh of the common fowl. 
lean of fowl is to be finely chopped and digested in its own 
weight of water ; the filtered liquid heated nearly but not quite to the 
eng. Point, to coagulate albumen; baryta water added to separate 
phosphoric acid, and the filtrate then evaporated till of the consistence 
of thick syrup: it is now diluted with alcohol till it becomes milky, 
and set aside. Afteratime crystals appear, which are inosate of potash, 
and of baryta, if excess of the latter base has been used. The crystals 
are redissolved in warm water, and chloride of barium added. On the 
cooling of the solution, inosate of baryta ises out, and requires 
only another isation to be obtained perfectly pure. This salt 
has the composition (BaO, C,,H,N,O,, + 6Aq). 

Inosie acid may be isolated from the baryta salt by the cautious 
addition of sulphuric acid. . Its dilute solution in water has a very acid 
reaction, and ari agreeable taste, resembling juice of meat. It may be 
concentrated, by a heat not ee; Fahr., to the consistence of 
syrup, but cannot be made to’ i Tt is insoluble in alcohol or 
ether. The name inosic acid was i wea to this body by Liebig, its 
source being thereby indicated (Is, ivés, muscle). 

INOSITE (C,,H,,0,, + 4HO) isa peculiar species of sugar, discovered 
by Scherer in the juices obtained from the flesh of animals. It crystal- 
lises in li which have a sweet taste, but which are not sus- 
ceptible of vinous fermentation. It yields, however, both lactic and 
butyric acids when exposed to the action of casein. It differs from 
glucose in its not giving the usual reaction with the salts of copper and 
potash, and in possessing two atoms more water in its composition. 

The following is the characteristic reaction for inosite: the solution 

to contain this body is evaporated to dryness on platinum 
foil with nitric acid, then the residue is moistened with ammonia and 
a little chloride of calcium added, finally on evaporating again to 
dryness the residue becomes of a beautifulrose colour. Neither starch 
nor any of the sugars produce this reaction, which is so delicate 


Pte it of the detection of less than the ;4th part of a grain of 
osite. 
INQUEST. [Corover.] 


INQUISITION, THE, of which the more correct title is the Holy 
Office (Sanctum Oficium), is the name of an ecclesiastical tribunal 
establi in the 13th century by popes Honorius IIL, Gre IxX., 
and Innocent IV., to try heretics, blasphemers, apostates, re! 
Jews or Mohammedans, witches and wizards, polygamists, and other 

charged with infractions of the canons of the Church. The 
Hades of this court were called inquisitors, whence the tribunal itself 
been commonly styled the “Holy Inquisition.” The name of 
inquisitors, or inquirers after heretics, appears as early as the reign of 
Theodosius I., who, by his constitution against the Manichmans and 
other heretics, a.p. 382, after adjudging the punishment of death for 
several aggravated cases of heresy, directs that “ Inquisitores and con- 
quirendos et eruendos hereticos” be appointed by the prefect of the 
Pretorium. (‘Codex Theodosianus,’ Gothofredi, xvi., tit. 5, lex 9.) 
This is the first law under the Christian emperors by which the punish- 
ment of death is awarded for heresy. Constantine had only sentenced 
the Arians to banishment, though he threatened to punish with death 
those whoshould retain and make use of the books of Arius. The 
subsequent law of Honorius, .p. 398, expels from the towns the 
* Clerici” or priests of the Montanists and Eunomians, and if they 
persist in bringing people together, it banishes them for life. It further 
orders their books to be burnt, and condemns all ons who are 
found to conceal them to be beheaded. (‘ Cod. Theod.’ xvi., tit. 5. 1. 
84.) Two more constitutions or laws of Honorius (51 and 56 of the 
same book and title in the Theodosian Code) threaten with proscription 
and death those who publicly profess certain heresies. These are the 
oldest laws on record which e heresy a capital crime; but it ought 
to be observed, that there is no law in the whole Theodosian Code 
which subjects heretics in general to the pain of death, that punishment 
ing reserved for the leaders, those who collected assemblages of 
people, made proselytes, and preached or spread certain heterodox 
doctrines specied and condemned by the laws. The trial and punish- 
ment in all such cases were left to tlie civil istrate. 

“Previous to the time of Theodosius I. there had been persecutions 
of Arians by the Orthodox, and vice versd, carried on through the 
violence of individuals; but there was no specific law making heresy a 
capital offence. Towards the heathens the case was different. Con- 
stantius (A.p. 353) had forbidden heathen sacrifices under pain of death. 

losius I. confirmed that law, and Theodosius IT., remitting 
the capital penalty (a.n. 423), put it im force again in 426. (Gotho- 
fredus, ‘De Statu Paganorum.’) Most of the earlier fathers, Tertullian, 
Cyprian, Lactantius, Hilarius, Ambrose, and Gregory Nazianzenus, and 


against the authority of the state, murdered their antagonists, demo- 
lished their houses, and committed all sorts of violence, as may be seen 
by the letters of Augustine. : 

The first person on record who was juridically condemned and put 
to death for heresy is Priscillianus, the leader of a sect in Spain, in the 
latter part of the 4th century. Two Spanish bishops, one of whom was 
called Idacins, accused Priscillianus, with two other priests or bishops, 
before a council held at Bordeaux, a.p, 385. Priscillianus appealed to 
the emperor Maximus, who had assumed the imperial purple in Gaul, 
and who was then residing at Treves, whither Priscillianus and his 
friends were taken, being followed by their prosecutor Idacius. Martin, 
bishop of Tours, interceded in their behalf; but after his departure 
from Treves, Maximus entrusted Evodius, the prefect of the Prato- 
rium, with the trial of the acéused, and upon his report Maximus con- 
demned them to be beheaded. This novelty was generally censured, 
and Ambrose and Martin of Tours strongly reprobated the part which 
Idacius had acted, and which they characterised as unbecoming the 
episcopal character. The consequence was, that Idacius was excom- 
municated, and died in exile. 

Justinian, in the first book of his Code, in which he treats of the 
Catholic faith, and defines its creed according to the first four general 
councils, of Nicea, Constantinople, Ephesus, and Calchedon, forbids 

ublic disputations upon dogmas, and enacts several penalties against 

eretics, Jews, and apostates, In the 13lst Novel, the same emperor 
says; “ We receive the doctrines of the four Holy Synods as the Divine 
Scriptures, and their Canons we obserye as laws.’ Thus the orthodox 
creed, as expounded in the four councils, became the law of the empire, 
an empire which was then administered despotically, and dissent from 
that creed was an offence against the law. From this principle the 
whole penal code {against heretics was derived. But for several 
centuries after, cases of heresy were tried and penalties awarded by the 
ordinary courts, as the bishops had not then any temporal jurisdiction. 
In course of time howeyer councils interfered, and after condemning 
particular tenets as heretical, specified in some instances the punish- 
ments to be inflicted upon heretics, Jews, and apostates. (Jews.] It 
became the practice for the bishops to examine the accused, and decide 
whether there were sufficient grounds for the charge of heresy 
them; if the charge was proved, they were to admonish them, and 
convince them of their errors, after which, if the accused remained 
obdurate, the bishop handed them over to the secular court. ‘‘ Heretici 
perseverantes in errore relinquantur Curis secularis judicio.” (Council 
of Tarracona, A.D. 1242.) And the law of Las Partidas, which is still 
the fundamental code of Spain, promulgated in 1258, says: “ Heretics 
may be accused by any one of the people before the respective bishop 
or his vicar, who must examine and interrogate them upon the various 
articles of the faith, and if they find that they err in them or in any 
other thing which the church of Rome commands to be believed and 
observed, he must endeavour to convert them and make them forsake 
their errors byjmeans of good arguments and mild words. And when 
the penitents have acknowledged their belief, they are to be reconciled 
to the church and be forgiven. But if it so happens that they will not 
forsake their errors, the bishop must conyict them as heretics, and 
then hand them over to the secular or lay judges.” The lay judges 
however were not mere executors of the episcopal verdict: they 
examined the proceedings, and having convinced themselves of their 
regularity, they awarded the penalty. By a clause of the same law of 
Las Partidas, “the property of those who are condemned as heretics, 
or who die in the heretical belief, belongs to their children or other 
descendants.” The principle of confiscation isfhere not recognised, 
This was in the kingdom of Castile; but in Aragon, France, and Italy, 
a different process was introduced by means of the Inquisition. 

In the Council of the Lateran, convoked at Rome in 1215, by 
Innocent ITI., new and severe enactments were made against heretics, 
but the cognisance of matters of heresy was left to the ordinaries or 
bishops. But some years before this time, Innocent himself, of his 
own authority, had sent a commission consisting of two legates, who, 
were Cistercian monks, accompanied by subordinate priests and officers, 
to the south of France, in order to extirpate the heresy of the 
Albigenses. These legates acted independently of the local bishops ; 
they held their own court, before which they summoned, by the 
authority of the pope, individuals accused of heresy, and condemned, 
and inflicted penalties, and even capital punishments, Dominic de 
Guzman, the founder of the order of Dominicans, was one of the 
most zealous agenta of this commission, the members of which were 
called Inquisitors. This however was only a temporary and local 
commission. 

In 1208, Peter de Castelnau, one of the legates, who had become 
obnoxious for his severity, was murdered near Toulouse, and Innocent 
was so exasperated, that he preached a crusade against the Albigenses, 
which, after a long struggle, ended in their extermination. [ALBI- 
GensEs.} Honorius IIL, the successor of Innocent, issued new 
provisions against hereties, which were enforced by the emperor 
Frederic II. in three constitutions, or laws, dated Pavia, 1224, by 
which he condemned impenitent heretics to death, and those who 
repented to perpetual imprisonment. In the year 1228 a severe penal 
law against heretics was enacted in the city of Milan by Cardinal 
Godfrey of St, Mark, papal legate, with the consent of the ape ee 
and the people; it was to the effect that “no heretic shoul 
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be allowed to remain in the state of Milan; that any person 
might lay hands on a heretic and bring him before the magis- 
trates; that those who were convicted as heretics by the Ecclesi- 
astical Court should be executed by the pretor within ten days, 
their houses pulled down, and their property confiscated to the com- 
munity.” (Calchi, ‘ Historie Patrim,’ b. xiii.; Corio, ‘ Storia di Milano,’ 
part ii, p. 72; Verri, ‘ Storia di Milano,’ ch. ix.) No less than fifteen 
sects of heretics, with strange names, are enumerated by these histo- 
rians as having been discovered within the state of Milan, The arch- 
bishop of Milan at the time was Enrico da Settala, who exerted himself 
in rooting out the heretics, and having probably exceeded all 
bounds, he was at last banished by the council of the republic, for 
which the council and the podesté were excommunicated by the pope. 
In the inscription on the tomb of this archbishop, it was stated that 
“ being ted inquisitor, he destroyed the heretics.” It was about 
the year 1233 that Pope Gregory IX. laid down the rules and defined 
the jurisdiction of the inquisitors courts, which he sent jto various 
countries, under the name of Inquisitorial Missions, He appointed as 
chief inquisitor in Lombardy, Pietro da Verona, a Dominican monk, 
who was strenuously seconded by the then podestdé of Milan, Oldrado 
da Tresseno, who consigned to the flames numerous heretics. The 
likeness of this podesté was, not many years since, and probably is 
still, seen sculptured in relief in the fagade of the hall of the municipal 
council at Milan, with an inscription recording, among other things, 
that he had burnt the heretics as in duty bound: “Catharos, ut 
debuit, uxit.” The chronicler Fiamma says, that he was the first who 
put heretics to death in Milan. By degrees inquisitors were sent by 
the popes to most Italian cities and states, where, with the consent of 
the local authorities, they established their tribunal, and had their 
officers, notaries, informers, and other agents. Dominican monks were 
generally employed as inquisitors, as the principal object of the insti- 
tution of their order was to defend the orthodox faith by arguing and 
reaching against heresy, on which account they are styled “ Fratres 
>redicatores,” or brother preachers. The inquisitor Pietro da Verona, 
in the course of nineteen years, burnt a great number of heretics 
throughout Lombardy, banished or frightened away a still greater 
number, and confiscated their property. A certain Confaloniere of 
Alliate, being warned that he was on Fra Pietro’s list, conspired with 
several of his friends, who lay in wait for the inquisitor, and on the 
6th of April, 1252, as he was returning from Como to Milan, in com- 
pany with another Dominican, they killed him near Barlassina, and 
wounded his companion, who died a few days after. The inquisitor 
was shortly after canonized by Pope Innocent IV., under the title of 
St. Peter Martyr. In 1277, another Dominican, brother Pagano da 
Lecco, was killed in the same manner in Valtellina. 

The chroniclers of the various cities of Lombardy record the acts of 
the inquisitors, and the number of heretics and witches whom they 
put-to death at particular times. The chronicle of Muralto states that 
brother Antonio da Casale, inquisitor of Como, in 1416, sent three 
hundred heretics to the stake in one single year. Tartarotti states 
that in the year 1485 forty-one witches were burned at Como. Barto- 
lomeo Spina, ‘ De Strigibus,’ ch. 13, states that in the diocese of Como 
the number of those who were tried annually by the Inquisition ex- 
ceeded one thousand; that the inquisitor employed eight, ten, and 
even more vicars, and that almost every year about one hundred 

ms were burned. (‘ Lettere del Conte Gianbattista Giovio all’ Abate 
Bettinelli,’ letter vi.) > 

The Inquisition was introduced into Rome as well as other parts of 
Italy by Gregory IX., and entrusted to the Dominicans, but it was a 
long time before it was established as a distinct and permanent court. 
Inquisitors were appointed by the pope on particular occasions, who 
visited the various provinces and towns, proclaiming to all persons the 
obligation they were under of informing against those whom they knew 
or 8 of being heretics, under pain of excommunication. At 
the same time they also made it known that all persons guilty of 
heresy who came of themselves before the inquisitor within a certain 
fixed period, and accused themselves and profeased repentance, should 
receive absolution and be only subject to a canonical penance, These 

were public, humiliating, and very severe, as may be seen b 

a letter of St. Dominic concerning a heretic whom he had conv ; 
by the acts of the council of Béziers, in 1233, and of the council of 
Pervecun in 1242. After the expiration of the period of grace, the 
inquisitor proceeded ex-oficio against those who were denounced, the 
name of the informer being kept secret: he examined witnesses 
ivately in presence of a notary and two priests, and having taken 
own the oasines in writing, he read it over to the witnesses, 
who were asked whether they confirmed what had been read. 
If there appeared to be sufficient’ grounds for proceeding against the 
accused, the inquisitor ordered his arrest by the municipal officers, and 
he was taken to the convent of the Dominicans, if there was one in the 
town, or to the prison of the ecclesiastical court. He was then interro- 
gated by the inquisitor, and his answers might be used afterwards as 
evidence against him. If the accused denied the charge of heresy, he 
was supplied with a copy of the instruction and depositions, but with- 
out the names of the accuser and witnesses, and with the omission of 
such cireumstances as might discover them. The accused having made 
his answer or defence, which was taken down in writing, if he denied 
the charges, the inquisitor, together with the bishop of the diocese or 


his delegate, if they thought , ordered him to be 
tare bileedsr to obtain is Beatie va: The torture 
three times, but it was afterwards ordered 
this regulation, however, was often evaded by 
and then resuming them, and considering the 
If in the end there were not sufficient grounds 
the prisoner, 


prison for life—a ty which, however, t be mitigated by the 
inquisitor. But if he was a relapsed,—that is to say, had been tried 
before, and found guilty or only strongly sus; there was no 
mercy for him: he was “relaxatus;” that is to say, given over to the 
lay magistrate, who, according to the civil and canon laws, was bound 
to put hi 


burnt. If the convicted heretic was not 
respite of the sentence was gran 
and if he at last abjured his life spared, and he was 
perpetual imprisonment, If he persisted in 
publicly burned alive. Such were the principal 


confessed and abjured hi Be eal ah cde 
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erate | of Friar Nicholas 
psa deur? a ini monk - i 14th cen’ 
office of chief inquisitor in Aragon for 42 years. 

The Inquisition had nearly fallen into disuse in the kingdom 

n in the 15th century, in consequence of the total extinction 
the heretical sects in the south of France, whose spreading on the other 
isan ce ees had oa the —- of 2 
tional co’ into Catalonia Aragon. e kingdoms o: 
and Leon, and of Portugal, the Inquisition had not 
nent root. But towards the end of the 15th century the Holy Office 
was introduced into Spain under a new and more appalling form, and 
became consolidated and permanent, and more absolute and independent 
than in any other country of Europe. This is what is designated 
Llorente and other writers by the name of the ‘ Modern or §) 
Inquisition.’ ’ 

Alfonso de Hodeja, prior of the Dominican convent of Seville, and 
Friar gin beris, inquisitor of the kingdom of Sicily, which 
was then subject to the crown mates i suggested to Ferdinand 
Isabella, in 1477, the establishment of the Inquisition in Spain for the 
purpose of punishing those Christians who secretly relapsed to the 
Jewish faith. The converts, or children of converts, from J 
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crown of Castile. Means were at last found ‘to alarm her conscience ; 


religi uiescence, and 
accordingly she solicited, by means of her ambassador at e, a papal 


bere pg coe establishment of the Inquisition in the pore so 
Castile. The bull, d ed from Rome in November, 1478, au 
Ferdinand and Isa) to — two or three bishops or other digni- 
taries of the Church, aged at least 

graduates in theology and the canon 
to seek after and discover, 


, 
sovereigns, all apostates, heretics, 
to proceed 


, 
them revegenpd to law and custom. Isabella, 
ever, Lomeniet te execution of the bull for two years, desiring 


relapsed converts of their error and of their . A catechism was 
composed e: for them, and several Pp Judaism 
were issued. In 1480 the Cortes of Castile amombled at Toledo, and 


passed several restrictive measures 
pri opel intercourse with the Nothing, however, was 
said in that assembly about the Inquisition. At last, in September, 
1480, Ferdinand and Isabella, who were then staying at Medina del 
Campo, appointed two Dominicans as inquisitors, with an assessor and 
a fiscal attorney ; and on the 9th of October a royal order was 
despatched to the governors of provinces to furnish the new inqui- 
sitors and their retinue with Ae ge necessary for their 
Seville; and at the same time their privi were declared, which 

the Emperor Frederic IL. to the 
inquisitors established 


= 


they ordered the arrest of seve ” 
styled, who were strongly suspected of heresy, and the sequ 


_ irites, or who gave reason for 
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to contain them, the court was removed to the castle of Triana, in a 
suburb of Seville. The inquisitors issued another edict, by which they 
ordered every person, under pain of mortal sin and excommunication, 
to inform against those who had relapsed into the Jewish faith or 
ing them of being relapsed, speci- 
numerous indications by which they might be known. Sentences 

of death soon followed; and in the course of that year (1481) 298 new 
Christians were burnt alive in the city of Seville, 2000 in other parts 
of Andalusia, and 17,000 were subjected to various penalties. The 
property of those who were executed, which was considerable, was con- 
(Mariana, ‘Hist. de Espafia,’ b. 24, ch. 17.) The terror 

excited by these executions caused a vast number of new Chrigtians 
to emigrate ; several who were condemned as contumacious repaired 
to Rome, and appealed to Pope Sixtus IV. against the inquisitors. 
The pope wrote to Ferdinand and Isabella, in January, 1482, com- 
plaining of the arbitrary conduct of the two inquisitors appointed by 
them, revoking the authority which he had given to their majesties to 
appoint other inquisitors, and reserving that right to himself, which he 
exercised by a brief in the following February. Among these new 
0 Spat was that of the afterwards famous Torquemada. Queen 
now wrote to the pope, requesting him to give a permanent 

and fixed form to the new tribunal, and to make its judgment definite 
without aj to Rome, complaining at the same time that she was 
accused of doing all that she had done in favour of the Catholic faith 
for the sake: of the confiscations which follow the condemnations. The 
een Isabella before a committee of Spanish cardi- 
and bishops who were then at Rome, and among whom was 
Rodrigo de Borja, afterwards Pope Alexander VI. By their advice, 
Sixtus IV. d ed a brief to Isabella, appointing Manrique, arch- 
bishop of Seville, to be apostolic judge of appeal for all Spain, wi 
er to decide on all appeals from the judgments of the Inquisition. 

y several other briefs, directed to the various archbishops of Spain, 
the pope gave them the power and regulated the manner of appoint- 
ing the ordinary inquisitors in the various dioceses. Notwithstanding 
these measures, appeals from Spain “continued to be received at 
Rome; and the pope again wrote, in August of the same year, to 
the Archbishop of Seville, ordering the proceedings against several 
individuals to be quashed, and recommending mildness and moderation. 
This recommendation however had no_ effect. Soon after, the pope 
appointed Thomas de Torquemada, prior of the Dominican convent of 
Segovia, to the new dignity of inquisitor-general of the kingdom of 
Castile; and by another brief, dated 17th October, 1483, he made him 
likewise inquisitor-general of the kingdom of Aragon, with full juris- 
diction over all other inquisitors in Spain and its dependencies, His 
powers were confirmed by Innocent VIIL, in February, 1486. Tor- 
quemada chose for his assessors and councillors two jurists, J. Gutierrez 
and Tristan de Medina: he created four subordinate courts, at Seville, 
Cordoba, Jaen, and Villa Real; the last was soon after transferred to 


law, but the president alone judged in matters which concerned the 
canon or iastical law. 

Torquemada and his two assessors framed the organic laws of the 
new , which were styled ‘ Instructions,’ and were partly based 
on the older ‘ Directorium Inquisitorum’ of Eymeric. Being sanc- 
tioned by a junta of the inquisitors of the four courts which he had 
established and of the councillors, the instructions, consisting of 
28 articles, were promulgated at Seville, the 29th October, 1484. 
They are given at length by Llorente, in the sixth chapter of his 
History. New articles were added to them in 1488 and 1498; and, 
lastly, the apn eee Valdez, in 1561, compiled a new series of 
ordinances in 81 cles, which regulated ever after the practice and 
ae of the Spanish Inquisition. They are also given by 

lorente, in the 22nd chapter of his work. They are substantially 
the same as those already noticed as being in practice by the old 
Inquisition, but are more minute, and rather more unfavourable to 
the accused. By the old practice, for instance, the names of the wit- 
nesses for the prosecution were in many cases communicated to the 
accused, to whom they were of great use for his defence. Confiscation 
of the’ property of those who were condemned was not generally en- 
forced under the old practice, and this was more particularly the case 
in the kingdom of Aragon, a circumstance which explains the resistance 
of the onese, among whom the old or delegate Inquisition had 
been established for centuries, to the introduction of the new Inquisi- 
tion as instituted by Torquemada. 

Another important characteristic of the new Spanish Inquisition 
‘was its compact organisation and independence of all other authorities. 
The inquisitor-general was appointed for life; he was proposed by the 
bet Ay approved by the pope. He appointed all other inquisitors 

him, as well as visitors and other agents. He had full and dis- 
eretionary power by the papal bulls in all matters of heresy. The 
Eating, being thus placed asa distinct power between the 
and the pope, was in reality independent of both. He could 
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refuse to submit to those papal decretals and bulls which he did not 
approve, by alleging that they infringed upon the rights of the Spanish 
monarchy; and he could likewise evade the king’s ordinances, by 
alleging the papal bulls which forbade the inquisitors to tamper with 
the secular power under pain of excommunication. Among other 
proofs of this assumed irresponsibility, one of the strongest is the 
famous trial of Carranza, archbishop of Toledo, in the reign of Philip 
II., who had attended Charles V. at St. Yusto in his last moments, 
and whom neither the briefs of the pope Pius IV., nor the remon- 
strances of the prelates assembled at the council of Trent could save 
from being confined in the prisons of the Spanish Inquisition for more 
than seven years, without a termination of his trial ; and when at last 
pope Pius V. demanded of the Spanish inquisitor and of the king, 
under pain of excommunication, that the archbishop and the papers 
of his trial should be sent to Rome, all sorts of obstacles were thrown 
in the way of his departure and his final acquittal by the pope. After 
the death of Pius V. new proceedings were commenced in Spain to 
prove the archbishop guilty of heresy, and on the information being 
transmitted to Rome, Gregory XIIJ., who had succeeded Pius V., was, 
though with evident reluctance, induced to declare, on the 14th April, 
1576, that the archbishop of Toledo was strongly suspected of believing 
sixteen propositions qualified as Lutheran, and which had been de- 
duced from the context of his writings by the casuists of the Inquisition. 
He was then sentenced to five years’ confinement ina Dominican convent 
and other canonical penances. A few days after this sentence, the arch- 
bishop, who was then seventy-two years of age, was taken dangerously 
ill, and before receiving the sacrament, on the 30th of April, he so- 
lemnly declared in presence of several witnesses “ that he had never 
fallen into the errors with which he had been charged ; that his expres- 


th | sions had been distorted into a meaning totally different from his; that 


he however humbly submitted to the judgment pronounced by the 
sovereign pontiff, and heartily forgave all those who had taken part 
against him in the trial, and would pray for them before the throne of 
Grace.” On the 2nd of the following May the archbishop died in the 
convent of La Minerva at Rome, in which he was detained, and where 
he was buried. An inscription was placed over his tomb by order of 
Gregory XIIL., in which he was described as a prelate “ illustrious for 
his birth, his life, his doctrine, his preaching, and his charity.” Llorente 
gives a copious abstract of this celebrated trial in chapters 32, 33, and 
34 of his ‘ History of the Inquisition.’ = 

Pope Paul IIL, alarmed at the progress of the doctrines of the 
Reformation, with the consent of Charles V. sent inquisitorial com- 
missioners to the-various states and provinces of Italy to try heretics ; 
but they were instructed to proceed according to the usual form of the 
ecclesiastical courts, the depositions and names of the witnesses were 
to be communicated to the accused, and sentence of condemnation was 
not accompanied by confiscation; in short their powers were very 
different from those of the Spanish Inquisition. The Spanish viceroy 
of Naples, Don Pedro de Toledo, applied to the pope for an inquisito- 
rial commissioner with a brief to proceed against persons suspected of 
heresy, but the Neapolitans, who were acquainted with the severities 
of the Spanish Inquisition, revolted, and, after much bloodshed, 
Charles V. promised that no Inquisition should be established in the 
kingdom of Naples, and that cases’of heresy should be tried, as before, 
by the ordi episcopal courts. These occurrences took place in 
1546-7, and the Neapolitans, the better to secure themselves against 
the dreaded tribunal, established a court whose office it was to watch 
against any attempt to introduce the same under any shape—a kind of 
inquisition against the Inquisition. This court, which continued to 
exist till the French invasion of 1799, was styled “ Tribunale contro 
quello del Sant Uffizio,” and was composed of deputies, chiefly noble- 
men chosen by the different Seggi into which the Neapolitan nobility 
was classed. ‘To the Neapolitan character, mercurial and communica- 
tive, the secret and mysterious proceedings of the Inquisition were 
peculiarly obnoxious. 

Philip II. wished to introduce the Spanish Inquisition into the duchy 
of Milan, but the towns of Lombardy sent deputies to the council of 
Trent to remonstrate against it, and the Milanese and other Italian 
bishops wrote to the pope and to Cardinal Borromeo, representing that 
the Inquisition of Spain acted in the dark, in an arbitrary manner, 
and with strange and fearful forms of proceeding, that it took away the 
jurisdiction from the bishops, that it showed itself more a rival than a 
subject to the papal see, that it had repeatedly refused to send a copy 
of its trials to Rome, and that if it were introduced into Italy, the 
Italian prelates, having its terrors before their eyes, would become 
estranged from the holy see. The pope, being easily persuaded by 
these reasons, interposed with King Philip, saying that if required he 
would, after consulting with the bishops of Lombardy, himself send 
inquisitorial commissioners from Rome, who should proceed not accord- 
ing to the Spanish form, but according to the canon law, and without 
prejudice to the episcopal authority. Thus the Spanish Inquisition 
was not introduced into Milan or into any other Italian state, with 
the exception of Sicily, which was an old dependency of the crown of 


on. 

The court of the Inquisition, as it was established in the 16th 

century, in Tuscany, Venice, Milan, Parma, and other Italian states, 

consisted of one inquisitor, sent from Rome, with assessors approved by 

the sovereign of the respective states, who appointed deputies or com- 
8. 
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missioners to attend the trials and report to him. The sentences of 
the court were subject to the sanction of the sovereign. 

‘The republic of Venice showed itself the most jealous of its sove- 

reign rights in this particular. A series of statutes were issued at 
ees times by the senate to regulate the proceedings of the inqui- 
sitors, which are given by Paolo Sarpi, in his ‘ History of the Venetian 
Inquisition,” and by Limborch, b, i, ch. 17. By a concordat with 
pe 1551, it was decreed that cmap re were to | 
ati @ proceedings and judgments of the Inquisition in the 
city of Venice, and although they took no part in the trial, they had 
the right to suspend the execution of the sentence and report to the 
senate. In the provincial towns lay magistrates were appointed to 
rm. the same duty in the respective courts of the Inquisition. 
¢@ Inquisition could not molest Jews or other unbelievers, or Greeks 
living -under the protection of the republic. It could not take cog- 
nisance of cases of blasphemy or polygamy—which belonged to the 
secular jurisdiction—nor of witchcraft, nor of minor a ions of 
discipline, such as eating or selling of meat on Frida &e. Numerous 
other checks are provided by the same statutes. In short, altho 
the Venetian senate was obliged by prudential reasons to ‘adinit 
Inquisition within its territories, it took care to render it as inoffensive 
as possible. The famous tribunal of the state —— was entirely 
a political institution of the Venetian aristocracy, and must not be 
confounded with the ecclesiastical Inquisition. 

In Tuscany the |-dukes Medici had provided that deputies 
appointed by th wes should attend the trials of the inquisitorial 
court, and should report to them, and that no sentence should be 
executed without their sanction. But in the year 1566, Pope Pius 
V., a zealous promoter of the Inquisition, demanded of the Grand- 
duke Cosmo I. the person of Pietro Carnesecchi, aman of some rank 
and learning, and well affected to his sovereigu, but who had publicly 
adopted several tenets of the Protestant Reformers, Cosmo gave him 
up to the officers of Rome, but at the same time wrote earnestly to the 
pope to save him. Pius was inclined to spare his life, if Carnesecchi 
had shown signs of repentance, but he boldly persisted in his opinions, 
and in August, 1567, he was convicted by the Roman Inquisition of 
thirty-four heretical tenets, and condemned to death. The grand-duke 
again wrote in his behalf, ‘and the pope suspended the execution for 
ten days, pro to spare his life on condition that Carnesecchi 
should abjure his tenets, and he sent him a friar to exhort him to do 
so, But Carnesecchi remained firm: he argued with the monk, and 
wanted to gain him over to his own opinions. He was publicly 
beheaded at ves and afterwards burnt. In the following century 
Galileo was summoned from Florence to Rome, where, however, he 
was treated with considerable lenity, and after a verbal abjuration and 
a few months’ confinement, he was allowed to return to Florence, 
The executions in Tuscany in consequence of sentences of the Inqui- 
sition were comparatively few. The tribunal continued to exist in 
Tuscany till the reign of Leopold of Austria, who began by curtailing 
its jurisdiction, took away its “ sbirri,” or bailiffs, ave the censorship 
of books to a lay magistrate, and at ‘last abolished the tribunal alto- 
a in 1787. About the same time it was suppressed at Milan by the 

peror Joseph Il, In 1769 the Duke of Parma abolished it in his 
territories. 

Pope Paul IIL founded at Rome, by a bull dated April, 1543, the 
Congregation of the Holy Office, consisting of six cardinals, who were 
styled “ inquisitors-general of the faith,” — had the superintendance 
over all other inquisitors, and he gave ‘them full authority to proceed, 
without the concurrence of the ordinaries or bishops, all 
heretics or persons suspected of heresy, to punish them, confiscate 
their property, to degrade and deliver to the secular courts all clerical 
offenders, to call in if required the assistance of the secular —e 
appoint inquisitors with such powers as they thought proper, to 
appoint fiscal attorneys, notaries, and other officials, and to hear and 
decide on appeals from the judgment of other inquisitors. The pope, 
however, declared that by this bull he did not intend to make any 
alteration in the privileges of the Spanish Inquisition as then 
established. 

In 1564 Pope Pius IV. confirmed and extended the powers of 
the Roman Inquisition, which, however, were resisted in the king- 
dom of France. In that kingdom there was no regular tribunal of the 
ied a The Cardinal de Lorraine, under Henri II., had indeed ap- 

mene om inquisitors who acted as extraordinary judges in the 
trials of the Huguenots, but their jurisdiction was not exclusive, as the 
liament also took cognisance of the crime of heresy, besides which the 
King appinted special commissioners for the same purpose. (‘ Histoire 
lement de Paris,’ ch. 21.) But the authority of the Inquisition 
was totally abolished in France as soon as tolerance was established 
ae Edit de Nantes under Henri IV., which allowed the Protestants 
exercise of their religion, for tolerance and the Inquisition could 
not possibly exist together; and although Louis XIV. afterwards 
revoked that edict and persecuted the Protestants, he did it by meana 
of the secular power, and took care not to allow the introduction into 
his kingdom of an ecclesiastical tribunal which would encroach upon 
his own sov: a authority. But he advised his grandson Philip ‘, 
whom he p on the throne of Spain, to maintain the Inquisition as 
@ means of ys the tranquillity of that kingdom. 
Sixtus V. in 1588, having distributed the cardinals into fifteen con- 


gregations or r boards, made that which was styled “ H. Roman, 
Universal Inquisition” to consist of twelve page snd 
aoe a aeons ee 
monks with the title of “ am bao besides. other 


more particularly over the conduct of the , and has alao ‘ 
waites whioos te be cen atieanne a ign works, The | 
Tae eShwnal of tho Holy Offic 2a oe Bom Se NSS 


‘exist. pape dhy eta By pg 
Chamartin, 4 December, 1808, as en 


croaching upon f 
sovereign, “attentoire ila souveraineté ; ” and on the me dth Reb 1813, - 
peas tes Seetedinrante assembled at ees sup- 

to 


FE 


At the same time le 
ecclesiastical jurisdiction in 
Ferdinand VIL, oe his restoration, re-established the 
an ordinance of the 2lst July, 1814, and appointed 
Almeria i aiieegeen. In this act Ferdinand stated 
his objects in re-establishing the Inquisition 
ischief occasioned to ee ae 

the foreign troops which were not Catholic,” including 
allies the who had been the chief means of. 
the throne. It continued in Spain till the Revolution of 1 

it was again suppressed by the Cortes. During these five years’ of 
re-establishment, many persons were arrested, but nome ae 
been put to death i in consequence of its judgments. . 

in 1823, a second time overthrew the constitution, be da did not re-esta- 
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and had access to the archives of the tribunal, gives an approximate: 
estimate of the number executed under each inquisi 
which it results that the total amount in Spain 
burnt, either alive or after being strangled, 17 17,000 burnt in ae 
291 000 condemned to various terms of imprisonment, to the 
or subjected to other penalties. During the eighteen years of 
mada’s inquisitorship alone, about 8800 persons were burnt. 
calculation does not include the Spanish colonies, nor the islands of 
Sicily and Sardinia, which were long subject to the Spanish Inquisition, 
It is "ampossile to ascertain the amount of the victims of the 
sition in these ~ well as in Pern loouleieie of Raenig The 
burnt sentence of the Inquisition in Spain was a woman 

piersom of ra formed a contract with the devil. She was burnt at 
Seville, on the 7th of November, 1781. The three last inquisitors-- 
general, from 1783 to 1808, did not sentence any one to death. 

Tn examining the history of the Inquisition under its various femme ' 


of the Horan cd isa evap ker le to both spiritual and 
temporal punishmen — however is not peculiar to the 
Inquisition : it is nt of the canon law, and it has the countenance of 


the Roman law in several constitutions of the early Christian emperors. 
= ee country therefore in which the canon law has civil or tem- 
ral force, the principle subsists, although it may lie dormant. 
bject of such a country who should openly dissent from the esta- 

or 


bli the 
and even in 
oh 


are severely punished or obliged to emigra 
In speaking of religious liberty, people are apt sy confound 

things, v ery distinct, such as toleration, liberty of conscience or 
opinion, pF full religious liberty. Toleration properly applies to 
foreigners who profess a different faith from that established 

country which they come to visit or inhabit for a time, and who a 
tolerated, that is to say, allowed to remain unmolested, ‘and in 
cases are permitted to have chapels of their own communion. 
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now the case in almost every European country, at least with regard t° | seat and instrument, the brain, has been generally recognised, but the 
particular Christian communions and to the Jews. The Lutherans and | sense of horror originally excited by the idea of the possession by a 
have oe in almost every Roman Catholic state. But demon still influences in some degree the feelings with which the 

ak ; ‘ : 


means to natives. Even durin, g the rule of the Inquisition in Spain, | more humane are beginning to be adopted in relation to lunacy. 
Dutch, and other Protestant merchants were allowed to reside | The variety of the forms of insanity is almost endless, but they may 


the ‘ towns, but only'so long as they gave no scandal or conveniently for the purpose of description be collected tnder the 
to Roman Catholic faith, and their position was thérefore following heads :—1. Disorders of the feelings and propensities, 2 
éxtrémely delicate and insecure Delusions or hallucinations. 3, General derangement of the reasoning 


of conscience applies to natives a8 well as foreigners, and | faculties. 4, Mixed forms, in Which two or more of ‘the preceding are 

in the country where it is recognised, no one can be molested for his combined ; and 5, the state of imbecility or fatuity in Which other 
gious opinions or ‘private religious practice. But the law tes | kinds of mental disorder frequently terminate. 

Whether and under what conditions chapels or places of religious! 1. The first principal form which we have indicated constitutes what 

tay be ed which dissent from the established church of | is termed “moral insanity " by Dr. Prichard, who describes it as “con- 

ich is left to the discretionary power of the executive. sisting in & morbid perversion of the feelings, affections, and active 


Lutherans or Calvinists, are allowed to have a place of religious | the understanding ; “sometimes co-existing With an apparently unim- 
worship, subject to datath renee of the local authorities. Liberty | paired state of the intellectual faculties.” "The character of the affection 
of ¢ ce is only found in countries where a considerable part of | varies with the degree in which the different feelings are affected : 
the population dissent from the established church ; it does not éxist sometimes jealousy and suspicion are the Prevailing passions, causing 
in countries exclusively Roman Catholic, All the Protestant states of | their subjects to shun their dearest relatives ‘and to live in constant 
: allow liberty of conscience. : i i 
religious li is said to exist when ‘not only every man tnay | any topic, and at times confess that their suspicions are groundless, 

hold what opinions che pleases, but when every Christian sect may | Other persons are tormented by a constant fear and apprehension of 


vd permission, but as a matter of legal right. This is the case feeling of despair, a settled melancholy, frequently of a religious 
7] only in {England and its colonies, and in the United States character. This state of despondency (combined with delusions, one of 
of North America, But even those countries cannot be said to have the most frequent kinds of insanity) is at its commencement often 
unlimited religious liberty, for this would mean that any one might | in a considerable degree under control, and may be removed from 
set form of worship that he pleased. Now it cannot be | time to time by the substitution of more cheerful feelings ; but if the 
that Fetish or other rites would be. publiély allowed in circumstances to which the individual is subjected be of a nature to 
or America, Therefore the religious liberty of land and | depress or alarm, it becomes so aggravated as to lead to a loathing of 
can only be said to extend to the various Christian and | existence and to suicide, The states which we have considered are 
communions. And indeed it is questionable whether religious generally marked by depression, but they are not unfrequently inter- 
unlimited extent could exist in any orderly com- | rupted by fits of violence and preternatural excitement of short dura- 
of which the majority believe in any religion whatever ; for | tion. In other’ cases this last state chiefly characterises the disease, 
called liberty by some, would appear offence and | There is then a want of self-government; the expressions are un- 
Test, or contravene the common law of the land: as in guarded and the conduct violent. M. Pinel records a characteristic 
f the Mormons, were they openly to inculcate the doctrine instance of this, which he terms “ emportement maniaque sans delire.” 
iy. Besides which the danger of proselytism must neces- | It is & good example of moral insanity unattended with derangement 
plicate the question still more, , Mohammedans tolerate | of the intellect. “A youth, the only son o 
and Jews, but will not allow any one to apostatise from the | mother, was the subject of uncontrolled caprice and passion. He was 
i i ion or remonstrance ; he 
case however of countries in Which nal stdtutes exist | put to death a dog, horse, or any other animal which offended him ; 
ics, it is still an important questiot® how and when and | and excited broils in every public meeting which ‘he joined. But 
statutes are to be enf. - We have seen how the | when not led by his passion he enjoyed sound judgment, was fully 
ion did enforce them, and the general opinion of Europe, not competent to discharge all his duties, and was humane, At length he 
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own hands criminal jurisdiction in all its branches in every European | Bicétre.” An inordinate degree of pride and vanity is often the pre- 
state, with the le exception of the Papal State, where, the govern- vailing characteristic of the feelings of a disordered mind; and it is 
ment being in the hands of ecclesiastics, the jurisdiction of the canon generally attended with some delusion, A propensity to mischief, the 


ic church ; all churches and religions, Jews, Mohammedans, and | destructive propensity have without doubt frequently suffered the 
, Arians and orthodox, Greeks, Latins, and Protestants—all punishment due to wilful murder ; af persons have been known to 
ill, and have even begged to be 


permanent syste 
eee with that of the Inquisition. sometimes constitutes a marked feature of Insanity. Dr. Prichard 

» [Louxacy.] mentions having seen a lunatic who would only eat when he had stolen 
mental alienation, lunacy, “ folie” of Esquirol, &. Of | food, and whose keeper made it a constant practice to ‘put into some 
the various ills to which man is oO none ate more dreaded, and | corner within his reach various articles intended for his sustenance, in 


mind and its operations, and therefore of the exact condition on which pleasure from the subsequent possession, An excess of the sexual 
insani Bedi, ¥ remains so limited, much, it is to be hoped, may be | feeling, from a want of control over the expressions, is occasionally a 
done towards alleviating the miseries which mental disease induces by | source of great misery. A female modest at other times will in a state 
investigating the causes which influence its prevalence, by inquiring | of insanity use indecent language and by her conduct discover the 
into the best mode of restoring the mind to its health: condition, and | grossest desires, 
; i slight Hoenn of mental} Though we hive thus described disordered states of some of the 
disorder which amount to Scarcely more than eccentricity or hy pochon- feelings and propensities as varieties of « moral insanity,” it must be 
iacal fancies, and the more important states of disturbance of the | remembered that generally the prevalence of any of these feelings in a 
intellect which rénder the subjects of them dangerous to themselves | morbid state is attended with some delusion or disorder of the intel- 


After a few words relative to the | of insanity, we shall con- | calm and natural state of the affections; when there is not a marked 

sider its Varieties and the chatacters Which each presenta, its Causes, | derangement or excited state of any one? 

ature, and the definitions proposed to charatterise it, the means of | cases, there is a strange perverseness of temper and disposition, The 
ant lastly, the mode of treatment, modification of madness which oceurs in old people, and is designated 


Tt is } A 
scribed in the Old and New Testament as ( evil spirits Were | a species of moral insanity, The moral feelings are perverted, and 
the subjects of inganity. The same may also be said of the sdoth- | some of the passions in'a state of excitement, “ The pious,” gays Dr, 
sayers and ecstatic priestesses of Egypt and Greece. Th later times the Burrows, “ become impious ; the content and happy, discontented and 
dependence of insanity on a di state of the mind, or rather of its | miserable; the prudent and economical » imprudent and ridiculously 
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; the liberal, penurious; the sober, drunken.” Passions which 
long been dormant — Tinta sway, and cast shame mingled 
with pity over the years of declining age. 
ee The term monomania has been proposed by M. Esquirol, and 
adopted by most writers on mental disorders, to designate those cases 
of insanity in which the mind is occupied by some illusion or erroneous 
conviction, the individual still retaining the power of reasoning cor- 
rectly on matters unconnected with the subject of his delusion. The 
“ melancholia” has been used in the same sense, which has given 
rise to the erroneous notion that insanity of this kind is sacs of 
a gloomy character, It is rarely that the mind of the monomaniac is 
erwise perfectly sound ; there is generally combined with the delu- 
sion a morbid state of the moral feelings, and in many instances a great 
weakness of the reasoning faculty. The subject of the delusion is very 
various. It may have reference to the condition of the individual’s 
own person ; thus, some fancy that they have lost their head, others 
that their legs are not their own, but belong to some other person, 
others again that they have the devil or some animal within them, that 
they are dead, or t they are changed to some other form, &c. 
Monomaniacs subjects of the last delusion are thus described by 
Pope,— ; 
ma “ Onnumbered throngs on every side are seen, 
Of bodies changed to various forms by spleen ; 
Here living tea-pots stand, one arm held out, 
One bent; the handle this, and that the spout ; 
A pipkin there, like Homer’s tripod walks ; 
Here sighs a jar, And there a goose-pie talks.” 


It is probable that in many cases of delusion regarding the condition 
of the body there is some morbid state of the nerves, causing a sensa- 
tion which excites in a mind prone to insanity an idea which the reason 
is unable .to correct. ‘Another kind of delusion is that which cha- 
racterises the “ demonomania” of some writers. It consists in a belief 
in the presence of invisible beings whom the lunatic sees, hears, and 
converses with. Religious delusions are te. orm b of this character : 
the maniac sees and communes with the Almighty or with angels. 
Such ideas, being very often combined with despondency, lead to 
suicide. Others who are subjects of such delusions fancy themselves 
constantly followed by some person who has the purpose of injuring 
them. A third kind of delusion refers to outa events which the 


individuals believe to have occurred, or consists in a belief in some. 


absurdity which has no foundation except in the patient’s imagination. 
Such a monomaniac was the gentleman who thought he had been con- 
fined in a castle, and corresponded with a princess by writing letters in 
cherry-juice, The delusions which most frequently take ion 
of the thoughts of the proud or vain madman are referrible to the 
head of those which arise from abstract ideas conceived in the mind 
being mistaken for realities. An ambitious dreamer may for a moment 
imagine himself a king, but it is only a lunatic who fails soon to per- 
ceive that he is such only in his own thoughts. 

There is generally some connection to be traced between the nature 
of the illusion and the former occupation of the monomaniac, or the 
ideas which have chiefly en his mind, Thus a butcher is said to 
have fancied that he had a leg of mutton hanging from his nose; a 
youth, the son of an attorney, fancied himself suspected of a horrible 
crime, and that the officers of justice were following him ; persons who 
have had their thoughts much directed to religious subjects imagine 
when they become insane that they have received a charge from the 
Almighty ; that they are persecuted by the devil, &c., &c. 

3. General derangement of the intellect presents many varieties and 
degrees; but the distinguishing character is that the faculties of the 
mind generally are disordered ; the patient will not speak on any sub- 
ject long without betraying the defect of his reasoning power. i 
will in one person merely lead to strange irrational conduct and con- 
versation—ita 'y conseq ; in another it will be attended 
with loud and violent raving (mania); in a third there will be singing, 
and a gay cheerful air ; while a fourth case will be characterised by a 
low muttering incoherence. This general insanity is most frequently 
attended with disturbance of the bodily health.. The symptoms. of 
mental excitement uently increase in violence for a short time, 
then gradually subside into a more quiet state, which too often termi- 
nates in mental imbecility. 

4. The mixed forms of madness rab) 
insanity, the disturbance of the moral feelings and propensities, is 

ly attended with some d of weakness of the reasoning 

ers, or with some delusion. The general derangement of intellect 

combined with it an excited state of some of the vray td and 

monomania in the pure form, a mental delusion without further disorder 
of intellect, is véry rare. 

5. The duration of insanity has no certain limits; the attack may 
last but a few weeks, or it nay continue many years, It is not uncom- 
mon to meet in lunatic asylums with persons who have been insane 
twenty or thirty years. When the disordered state of the mind is thus 
protracted, it usually terminates in loss of the intellectual faculties. The 
state of imbecility, dementia, or fatuity, which then succeeds, has many 
degrees, It commences by the loss of memory, particularly for more 
recent events; the mind receives impressions and ves them, but 
the faculty of retaining them seems to be lost. It is this state which 
no frequently attends the advance of years, and gives warning of 


far the most frequent. Moral 


approaching decay, when the mind is otherwise sane. In the latter 
instance the faculties are exercised in a sound manner when the atten- aN 
tion is roused ; SE ne ane wales mich were spoken, Dae 


the events of 


tly of the will; questions if 
made to reply to them, but before answer 
train of thought is lost, and the mind and tongue wander to other 


jects. In proportion as the mind 


that is going on around ; life is reduced to the 
animals ; the instincts alone guide the actions, 


creatures seem ee 
— in one position, and frequently lose even the use of 
im 

Disease in the brain may thus go on to the abolition of all 
functions by which mind is manifested, without interferi 
other functions of the body on which mere existence anity — 
cannot be as a very fatal disease. Of the lunatics at 
lum Bicétre in the year 1822, one patient had been there 
8 had been confined upwards of 40 years; 21 more than 
50 upwards of 20 years; and 107 more than 10 years, 
Salpetriére seven cases had been admitted from 50 to 57 years. 
difficult to ascertain the proportional number of i 
insanity, so different are the statements made by different 
While some authors have reported the cure of nearly 5 in 6 
others have estimated the proportion cured as less than 5 in 10; | 
have stated it to be as low as 5 in 15. The chance of recovery, ae 
ever, varies very much according as the insani' yA i complicated ornob 
with other disease; it is also influenced by the form of the disease, 
period of its course, the age, sex, and constitution of the pati 
the diseases which occasionally complicate insanity, epile; 
ia are the most important. Whether paralysis affect an 

e limbs or the speech only, the case is generally considered S. 
The complication with true epilepsy, not mere convulsion from tempo- 
rary cerebral excitement, is nearly equally unfavourable. It 
that the general derangement of the intellect is more curable | 
monomania, more especially in men. The state of imbecility is 
certainly incurable. The period of the disease at which it is 
under treatment has a very important influence on the 
recovery. Of those who enter asylums soon after the commencement _ 
of the malady, 7 out of 8, ar even 9 out of 10, recover; while after the __ 
third year the probable proportion of cured is not more than1 in 30. __ 
The mean duration of cases terminating favourably seems to be from 
5 to 10 months. The age most favourable for recovery 
is the period from the 20th to the 30th-year; few recover 
50th. Insanity is generally more curable in women than men. 
is more hope of recovery when some secretion of the body is 
which may be restored by medicine, or when a critical period, such as 
that of the appearance or cessation of the catamenia in women, isat 
hand ; at such periods as those last referred to insanity has ceased 
after vr persisted for many years. ‘ * 

During the period of convalescence there is liability to geod 
but this diminishes with the increasin, length of time during ee 
the patient manifests no symptoms of unsoundness of mind. The 
more complete the recovery, the more likely it is to be permanent; if 
the judgment be strong, and the feelings neither depressed nor i 7, 

‘eared. ‘ 


relapse is much less to be f i‘ 
Causes.—Some individuals appear to be so prone to insanity that very 
slight causes are sufficient to induce it in them; or it is probable 
indeed that there is always some peculiarity in the constitution pre- 

dis: g to it, since the apparent causes do not differ from tho 
which, acting on other , produce other diseases and not insanity, 
Be this as it may, a tendency to mental and other cerebral afflictions — 
is often observed to prevail in families, and to be transmitted from 
parents to offspring. An attack of insanity not only luces such a 
change in the system as to render it more prone to the disease than — 
before, but the condition of the body, or rather of the brain, thus — 
induced, may be transmitted to the children, This fact is so well 
known that it is unn to insist further upon it. The hereditary 

redisposition is said to be stronger when both parents have been 
foaliex A remarkable circumstance relating to the itary trans- 
mission of insanity is that the form of the disease which affects differer 
individuals of a family is often the same, and that it attacks the 
about the same age. It is an opinion generally adopted that inter- 

iage in families gives rise to the predisposition to mental disorder, 

as it any ce i weakness of body and mind. ; i 
must tend to strengthen or maintain original peculiarities of consti- — 
tution, and therefore any predisposition to disease which may exist, — 
It is almost impossible to ascertain the jon of cases connected _ 
with hereditary predisposition, so much is it the desire and interest of 
families to conceal such a circumstance, pee 

The proportion in which the sexes are affected with insanity varies — 
7 in different of the world, In Great Britain, and 
Ireland the proportions of males to females insane is stated to be as 
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13 to 12. In Italy alsothe number of male lunatics is greater than 


that of the females. But in France there are more females than males 
insane, in ion of 14 to 11. Calculating from statistical 
accounts derived from different parts of the globe, M. Esquirol found 


The concurrent testi of French and English physicians tends to 
show that the number the male sex affected with lunacy, as com- 
pared with the female sex, is greater in the higher than in the lower 
ranks of society. 
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. the contrary, that it rapi 
by M. Esquirol on the statistics of insanity, in 
which the number of insane persons at the different ages is compared 
with the population of the same ages, shows this in a very striking 
manner. : 

tiie gh peo hp gitae! anpaende fsenarcig in individuals 
2 yates deer ror iow mind are the most efficient. 
t will et found that immediately before tlie attack 
the pati some severe vexation or Sag RCO from 
family troubles pecuniary embarrassment, &. We have seen that 
pre apprendre before the age in which the mind is sus- 


ak ; 43 cases out of the 431 were traced to religious excitement. 
The other causes acting directly on the mind, which are more or less 
active in exciting insanity, are disappointed love (a not unfrequent 
cause in young females), fright (also acting chiefly on females), exces- 
sive study, and political excitement, which during the Revolution and 
ing years was a productive source of mental alienation in 
France; but cases from that cause are now comparatively rare even in 


that and of upwards of 1200 cases admitted during six years 
into an i um, two only were traced to political causes, 
Of the physical causes of insanity those connected with circum- 


stances which affect females only afford the greatest number of cases; 
62 out of the 291 cases of insanity from physical causes were con- 
nected with parturition or nursing. Insanity occurring under such 
circumstances is termed mania, the frequency An which is a 
easily explained. ion of the appearance of menses an 
their suppression are likewise occasional causes of insanity in females, 
ent of mental disorder on intemperance, par- 
ing much attention. Drunkenness is 


in exciting it; such causes 
apoplexy also lead leap oo, sting rm 

to insanity. ly, any influences acti 

edicitly on otter parte of tho body saay indivectiy affect the men 
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absence of the predisposition to many diseases among the uncivilised 


races. A less highly developed and less active condition of the* brain 
may render it less peor incon , Ae oe 
Turkey, Spain, an ly, insanity is comparatively less prevalent, 
if we may ju from the imperfect reports obtained from those 
countries, than in the more northern European nations and the United 
States of America. The proportion of lunatics to the population in 
‘England and France is, according to the calculations of Sir A. Halliday 
and M. Esquirol, about 1 to 1000. In Prussia the proportion, as 
stated by M. Jacobi, is about the same. But in Wales the proportion 
of insane to the population was estimated ig 5 A. Halliday to be as 
high as 1 to 800, and in Scotland 1 to 574. Norway too, a country 
somewhat similar in its physical character and in the condition of its 
inhabitants to Scotland, the estimate of the proportion of lunatics 
given by Dr. Holst is 1 to 551. A great and surprising difference is 
found to exist in the proportional number of insane in manufacturing 
and agricultural districts of England; the number being greater in the 
agricultural counties. This is an analogous fact to the prevalence of 
the disease in Wales and Scotland. There is certainly less call for the 
exertion of the intellectual faculties in the agricultural than in the 
manufacturing counties, and in Wales than in England; an explana- 
tion of the facts must therefore be sought in other circumstances. In 
the statistical calculations are included not merely the insane, but the 
idiotic from birth, and the excess in the number of unsound in mind in 
Wales, Scotland, and Norway, as compared with France and England, is 
due to the greater number of idiots, of which we can find some explana- 
tion in the hardships to which the poor of those mountainous and 
partly barren countries are exposed ; idiotey being a disease dependent 
on imperfect formation of the brain, and generally attended with other 
marks of an ill-developed organisation. The greater liability of the 
icultural population of England to insanity is less easily accounted for. 
he much greater degree in which insanity presses on the lower than 
on the higher classes of society, is another important consideration. 
One cause of this is undou ly the much less check which is put 
upon the spreading of the disease by marriage with individuals whose 
families have the predisposition in the lower than in the higher classes. 
Another may be the deprivations to which parents, and particularly 
pregnant females, are exposed. A third is the prevalence of intemperance 
among the poor. The opinion has prevailed in France as well as in 
England, that insanity is on the increase, but the data on which this 
supposition is founded cannot be implicitly trusted, for the greater 
number and better management of lunatic asylums at the present day 
cause many more persons to be conveyed to them, and thus placed 
within the reach of statistical research ; while formerly many lunatics 
were allowed to wander about as beggars; many from shame; or fear 
of the horrors of the asylum, were concealed in private families ; and 
some, from ignorance, were punished as criminals. 

The A pings means of checking insanity, which the facts above 
detailed seem to suggest, are, 1, the prevention of the marriage of 
individuals predisposed by inheritance to the disease; 2, the improve- 
ment of the physical condition of the poor; 3, the encouragement of 
intellectual cultivation and amusements among the lower classes, as a 
means of checking intemperance and sensual indulgence generally ; 4, a 
better education of the moral feelings in all classes of society, so as to 
discipline the passions and enable the mind to resist their disturbing 
influence. 

Before entering on the consideration of the mode of-detecting insanity, 
it will be n to inquire into the probable nature of the disease, 
We will first state the facts on which is founded the opinion that it is 
dependent on some disease in the brain. It is not requisite to offer 
any proof that the brain is, in the healthy state, the seat of tle mental 
operations, the organ or instrument by which the mental principle, 
whatever it be, acts. Admitting this, we may naturally suppose that 
the cause which disturbs the functions of the mind has its seat in the 
same organ. Then again, although in many cases no change of structure 
can be found in the brain after death (which cannot surprise #s if we 
remember the delicacy of the o , and the slight change that would 
be sufficient to disorder its action), yet it is certain that morbid 
appearances are found much more sequently in the brain than in any 
other part of the body of the insane death. The commencement 
of the disease is generally accompanied by pain and other symptoms of 
inflammation or vascular fulness of the head. In some cases we per- 
ceive a distinct connection between marked disease of the brain and 
insanity, as where the latter affection supervenes on epilepsy or 
apoplexy. The physical causes too are in many instances such as act 
directly on the brain; we allude to blows on the head, inflammation of 
the brain, coup de soleil, &. Even the moral causes of insanity afford 
an argument in favour of the cerebral pathology of the disease ; for 
the inordinate action of the brain which must attend the long con- 
tinuance and great violence of a particular ion would be likely to 
excite diseased structure of the organ, The diseased states of other 
viscera, those of the abdomen for example, can only be regarded as 
consequences of the insanity, or as accidental complications, or if they 
stand at all in the relation of causes, as acting only through the medium 
of the brain. 

It being thus premised that the brain is the seat of the disease, can 
we recognise any particular character in the disordered reasoning and 
feelings of the insane which will afford-us a means of defining it, and 
enable us to distinguish it from other disturbed states of the mind and 


on INSANITY. 


senses? Many writers, led by some observations of Mr. Locke, have 
said that “ the insane reason correctly from erroneous ”" But 
this definition includes those only who are the subject of some delu- 
sion, while there are many lunatics who have lost the power of 
feasoning correctly, hence some authors have added to the above 
definition the sentence “or erroneously from correct premises.” The 
definition, founded on Mr. Locke's remark, applies very well to the 
state of mind of many monomaniacs, who frequently act quite reason- 
ably on the supposition of the subject of their delusion being’a fact ; 
it is in their believing what a sound man must perceive to be falze 
that their insanity consists. Thus many persons under the influence 
of particular states of the brain or the senses of vision have seen 
eye but, not believing in their actual existence, were not mad. 
belief in things inconsistent with the laws of nature, with the 
combined evidence of all our senses, or with other known facts, shows 
a want of reasoning power, or, according to Dr. Conolly, a want of 
“the power; the lunatic does not compare the evidence of 
one sense with that given by other senses, or with past impressions ; if 
he did so, he would detect his error. A madman fancies his legs are 
made of butter, and accordingly protects them from the sun and 
external force ; but if he used his senses of touch and sight, and com- 
their evidence with the sensation which excited the erroneous 
or with the idea itself, he would perceive its falsity. There are, 
however, as we have said, many other cases in which, whether combined 
with delusions or not, there is a defect of the reasoning power, the 
degrees of which vary from the state of the ms who are re ed 
merely as somewhat silly, to that of the imbecile or fatuitous. There 
is, however, another less frequent form of insanity, which depends 
neither on reasoning from erroneous premises, nor on defect of the 
reasoning faculties ; we allude to the state in which the moral feelings 
are so deranged or excited as to lead to acts which may be called 
insane, since the will has no longer the power of regulating them, and 
the individual cannot be looked upon as an accountable being, The 
definition adopted by Dr. Spurzheim and the phrenologists will include 
this last form of insanity. Insanity is by them stated to be “‘ an aber- 
ration of any mental power (an intellectual faculty, a moral feeling, or 
a propensity), from the healthy state, with an inability on the part of 
the individual to discern its unhealthiness or to resist it.” 

In deciding what is and what is not insanity there will not be much 
difficulty if any illusion exist in the patient’s mind, and its nature be 
known to the examiner; and when there is general derangement or 
defect of the reasoning powers, a careful examination will surely 
detect it. It is much more difficult to decide as to the existence of 
moral insanity when oh the de with —o or yr of the 
reasoning faculty, thou; decision is here often of the greatest 
importance, as the honour or life of the individual depends upon it. 
No rules can be laid down for determining whether eccentric acts, or 
the commission of homicide, be the effect of an irresistible impulse or 
not; in all such cases however, the history, the dress, gestures, and 
manner of ing, and the expression of the features of the indi- 
vidual, should be carefully attended to, In almost all insane persons 
there will moreover be found either symptoms of vascular excitement 
about the head, or an unhealthy state of the skin and of the different 
secretions. 

There are however, as Dr. Conolly observes, two questions to be 
decided in every inquiry relative to the sanity of an individual. The 
first relates to the existence of unsoundness of mind; the second 
regards the treatment required, and especially the necessity of re- 
straint, and the degree and nature of the restraint. With reference to 
the second question, the chief point to be considered is whether the 
patient be likely to injure his own person or that of others, or his own 
property or that of others. Medical treatment may be required in 

case of insanity ; but on the decision of the second question above 
indicated depends whether the _ shall be confined and deprived 
of control over his property. It is from confounding the question of 
the existence of madness with that of the necessity of confinement 
that 20 much injustice has been committed ; to prove a man insane 
has been synonymous with condemning him to imprisonment. But 
though a man believe his legs are not his own, or that he was present 
at the destruction of Jerusalem, he may be a perfectly harmless and 
even useful member of society : shall he therefore be deprived of his 
liberty and of the management of his property merely on account of a 

Je delusion? [{Luwacy.] 

treatment of insanity resolves itself into the medical and the 

moral. The medical treatment indicated and required at the com- 
“mencement of the disease consists chiefly in the attempt to reduce 
imereased vascular excitement or slight inflammatory action. It is 
seldom that any violent antiphlogistic measures are required. The 
game treatment may be called for during the course of the disease if 
the symptoms of cerebral excitement or inflammation return. Some- 
times want of sleep is the most marked symptom, and opintes are 
given with benefit. In the more chronic conditions of the disease the 
medical treatment is chiefly directed to the restoration and maintenance 
of a healthy state of all the functions of the body, particularly of the 
secretions. A strengthening diet is uisite in some Cases ; clean- 
liness, fresh air, and exercise in all. The best asylums afford the 
means of em for the insane in the open air; but this 
important requisite is still neglected in some large public institutions. 


management of the insane, F a lunatic was regarded with — 
Sorte Gare bing who’ Badt“hagh al selouieon™as ockhety, sath was Gini 

treated as a wild beast; he was confined in a gloomy filthy 
loaded with chains, and shut out from all influences which could cheer — 
his mind or lead it from the subject of its delusion. ee 
the amelioration which has taken place was effected by the : 

of M. Pinel in France, and the Quakers in The insane are 
now treated with humanity. The power of moral influences in restor- 
ing the healthy tone of the mind has been recognised as a p _in 


carrying out which the chief means 
many eases seclusion from society, with a view to remove the 

which ced the 
trains of 3 but 


Shortie, Or whieh, might daep tap teohaally 
i ler, or whi ight yy 
when the insanity is partial, conbibahay th single delusion, this 
it miot : pew 
i to divert the thoughts hb tan SpOreen aan 
various ways, 80 as to div 2 > 
stance in the treatment, though until the last few Upreeemnert nt vy 
his should be 
oe of confinement kept from pte mee 


of rage, and render other means of restraint unnecessary. Chains are 
now generally discarded from the apparatus of the ee eer *) 
even strait waistcoats and are seldom required. But while 
measures of bodily restraint should be avoided as much as’ 
is a safe and imperative rule to remove hurtful means of 
mischief from the reach of the insane. ‘All irritation of mind by 
threats, &c., should be avoided. 4. The convalescent ‘should be sépa- 
rated from the other patients in the asylum. 5. The insane should 
ena aane Sr pe gS the quiet and timid from the noisy and 
violent, . 
‘In the preceding portion of this article we have not maile édiotey the — 
subject of separate consideration. It is scarcely necessary to Say that 
while fatuity is the state of defective intellect produced by disease late 
in life, idiotcy is the original want or deficiency of mental power. Just 
as the imbecility of old age has various degrees, so there are various 
degrees of idiotey. One of the worst forms is that presented by the 
Senge the Py wrsnct and (Cneriee} 4 dd idiots met wit 
the valleys of Switzerland. RETINS.} generally depends on 
congenital disease, but sometimes it is pete by diseases affecting 
the brain in very early infancy. The more remote causés are 
imperfect nourishment of the parents, or some noxious influences acting 
on the mother during pregnancy ; the same hereditary predisposition 
which gives rise to insanity seems also sometimes to be productive of 
idiotey. The form and size of the head in idiots may be quite tiatural ; 
in many cases however it is large and deformed; in others nee 
small, particularly in the region of the forehead. The bones of 
head are sometimes very thick; the brain itself disorganised, or its 
cavities distended with fluid. [HyprocerHanvs.] 4 ‘ 
(Prichard, Conolly, Burrows, and Haslam, On Jj 7 Sur 
VAliénation mentale ; Esquirol, Sur les Maladies mentales ; get 
Sur la Folie ; Heinroth, Die Stérungen des Seelenlebens ; Jacobi, Samm- 
die Heilkunde der Gemiithskrankheiten ; and Bucknill and 
‘anual of Psychological Medicine.) 
INSCRIPTIONS (Jnscriptiones), that is, records of public or private 
occurrences; of laws, decrees, and the like, engraved on stone, metal, 
and other hard substances, exhibited for public m. e cts 
tom of making inscriptions was far more 


z 


ons, 
laws, or decrees of the government, which it was r 
citizen to know, supplied to some extent the want of the art of printing. © 
When, for example, the laws of the twelve tables at Rome ‘were sét up 
in public, this public exhibition was equivalent to their publication 
means Of the art of printing; for every Roman might go and 
them, and, if he liked, take a copy of them for his private use. ¢ 
vious to the invention of the art of printing, ons set up in a 
public were the most convenient means of giving pub to 
that which it was necessary or useful for every citizen of the state to 
know. Inscriptions, therefore, are, next to the literature of the 
| ancients, age the most important sourees from which we dérive 
our know! 


most entirely. 
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chose such materials as were least subject to destruction—namely, 
ston metal, The stone most commonly used was marble cut in 
sometimes inscriptions were engraved upon a flat surface of 
the unhewn rock. The most common metal was brass or bronze, though 
we have instances also of lead, tin, and gold being used. If we believe 
the accounts of the ancients, inscriptions were made even in the mythical 
ages (Herod., v. 59, &.; Pausan., viii. 14, 4; ix. 11, 1); but such 
inscriptions existing in later times were probably forgeries, and we can- 
not suppose that inscriptions were made until the art of writing was 

generally known. 

We shall here pass over the arrow-headed inscriptions of Assyria 
(CunemrorM Cuaracters], the hieroglyphics of Egypt [Htro- 
GLYPHI0s }, and the inscriptions of Etruria, Lycia, and other countries, 
and confine ourselves to those written in Greek and Latin. 

Greek Inscriptions—The earliest Greek inserij — which we may 
—, to have been genuine, but all of which have perished, were 


2 
Mus.,’ 3, 8), and the chronicle of the priestesses of Hera at Argos. The 
earliest among the extant inscriptions do not seem to have been made 


aie, am, are composed either in prose or verse, but prose 
‘orm by far the greater number. The prose of the public 
i analy stiff, and their style is not unlike that of official 
documents of our own time, All Greek inscriptions are written in 


. capital letters, and without any punctuation or separation of the 
difficul 


renders it di it to read and understand 


left; others varied their lines, the first 
to the right, and the next from the 
left. In this manner, which is called Boustrophedon 
(Boverpopnddy), the laws of Solon were written, and some specimens 
are still extan sary Seas he oe Cates whe he. wie He eer 


which are the result of mere fancy. Another important point which 
it is necessary to know before attempting to read Greek, and more 
especially Ro inscriptions, are the abbreviations of names and 
words (sigla), which have been described and explained in several 
works, such as Nicolai, ‘De Siglis Veterum, Lugdun. 1703, 4to; 
Maffei, ‘De Grecorum Siglis Lapidariis,’ Verona, 1746; E. Corsini, 
Grecorum,’ Florence, 1749, fol. ; Placentinus, ‘De Siglis Vete- 
rum Grecorum, Rome, 1757, 4to; but the best work on the subject 
is Franz, ‘ Elementa ene Grace; Berlin, 1840, 4to, which is 
at the same time a comp! introduction to the study of Greek 


: in p 
of — publicity, as the Acropolis at Athens, and sometimes whole 
walls were set apart for the purpose of receiving marble or metal slabs 


of both eee i bilingues), as in Greek and Assyrian 
( , iv, 87), Greek Phoenician (Gesenius, ‘ Monum, Phoenic.,’ i., 
p. 93, &c.), Greek and Latin, Greek and Lycian (Grotefend, in the 
‘ Transactions of the Royal Society, iii. 2, p. 317, &c.), and Greek and 
ian, as on the Rosetta stone in the British Museum. 
necessity of making collections of the most important inscrip- 
tions, such as contained public decrees, or interesting epigrammatic 
poems (of which many have found their way into the Greek Anthology), 
was felt by the Greeks themselves. The earliest collection we know of 
is that of Philochorus, under the title of ‘Exvypduuata ’Arrixd; his 
example was followed by Polemon in a work Mepl rév xaTd MdAcs 
*Exrypayudrwy, and especially by Craterus in the important collection 
entitled Wngicpdrwv. Although public inscriptions were 
under the protection of the state, and although their violation was 
an — ae byrne know of several instan — which 
were ly or friv: destroyed or mutilated. In certain 
cases the state itself ordered the desiwohinn of public documents, as 
when decrees were annulled or abolished. In times of war and in the 
destruction of towns innumerable inscriptions must have perished. 
Athens, as early as the time of the Persian wars, gives us an example 
of the destruction of A eas monuments, as pillars, and tombstones 
inscriptions, for purpose of building walls for the protection 
of the city. Still greater havoc was made by the early Christians 
among the ancient monuments, which were frequently used as building 
materials for all kinds of edifices; and if, in addition to all this, we 
consider the ravages of time and the destructive influence of rain and 
air, it is astonishing to see the immense number of inscriptions that 
have been preserved down to our own time. 

The first modern writer who conceived the idea of making a collec- 
tion of ancient inscriptions was Cyriacus of Ancona, who undertook, 
in 1435, a journe Italy, Greece, and Asia Minor, and brought 
back a great number of inscriptions, which he collected in 3 vols. MS., 
which are still extant in the Barberini Library at Rome, and have 


often been used by subsequent collectors, After Cyriacus a long time 
elapsed, during w! the attention of the learned was chiefly directed 
towards Roman Scipio Maffei, and after him J, Carcagni 


and T. M. Raponi, formed the plan of a complete collection of all 
inscriptions, but none of them were able to carry it into effect, and 
people were satisfied with books containing such inscriptions as their 
authors ed to meet with, or thought of particular interest. 
Works of this kind are :—Janus Gruter, ‘ Inscriptiones Antiquae totius 
Orbis Romani,’ Heidelberg, 1602, 2 vols. fol. ; ‘Marmora Arundeliana’ 
(also called ‘ Oxoniensia, containing twenty-nine Greek and ten Latin 
inscriptions), edited by J. Selden, London, 1628, 4to, by Prideaux, 
Oxford, 1676, by Maittaire, London, 1732, and by Chandler, Oxford, 
1763; Oct. Falconerius, ‘Inscriptiones Athleticae Graecae et Latinae,’ 
Rome, 1668, 4to, is the first attempt at a systematic collection; J. 
Spon, ‘Itinerarium in Italiam, Ilyricum, Gracciam, et Orientem,’ 
Lugdun., 1678, 3 vols. 8vo; Thom. Reinesius, ‘ Syntagma Inscriptionum 
Antiquarum, Lipsiae, 1682, fol.; W. Fleetwood, ‘Inscriptionum 
Antiquarum Sylloge,’ London, 1691, 8vo; R. Fabretti, ‘ Inscriptiones 
Antiquae,’ Rome, 1699; A. van Dale, ‘ Dissertationes Antiquaria et 
Marmoribus cum Romanis tum Graecis illustrandis inservientes, 
Amsterdam, 1702, 8vo; A. F. Gori, ‘ Inscriptiones Antiquae Graecae 
et Romanae quae extant in Etruriae Urbibus,’ Florence, 1727, 3 vols. 
fol.; L. A. Muratori, ‘Novus Thesaurus Veterum Inscriptionum,’ 
1739, &c., 4 vols, fol., with a Supplement by 8S. Donatus, Lucca, 1765, 
&e., 2 vols. fol.; E. Corsini, ‘ Inscriptiones Atticae nunc primum e 
Maffei Schedis editae,’ Florence, 1752, 4to. The material collected in 
these works was greatly enriched by the collections of inscriptions 
made by travellers, as Pococke, P. M. Paciaudi, Torremuzza, Passionei, 
Walpole, C. Vidua, and others. With the assistance of these further 
accessions, F. Osann began, in 1822, his ‘Sylloge Inscriptionum 
Antiquarum Graecarum et Latinarum,’ which was completed in ten 
fasciculi in folio, 1834; and F. G. Welcker published a smaller collec- 
tion of metrical inscriptions, ‘Sylloge Epigrammatum Graecorum ex 
Marmoribus et Libris collecta, Bonn, 1828, 8vo. 

But in the meantime the Berlin Academy had formed the plan of 
publishing a complete collection of all the known Greek inscriptions, 
of which A. Boeckh undertook the editorship. This great work bears 
the title, ‘Corpus Inscriptionum Graecarum,’ is in three huge folios 
(Berlin, 1828-53), and is by far the most complete collection of Greek 
inscriptions extant. They are arranged according to the countries and 
localities in which they were found; and in each particular where it is 
feasible, as in those of Athens, Boeckh has judiciously classified them 
into ten sections:—l. Acta senatus et populi, universitatum et 
collegiorum; 2. Tabulae Magistratuum ; 3. Tituli Militares; 4. Magis- 
tratuum Catalogi; 5. Agonistica et Gymnastica; 6. Honores Im 
torum et aliorum ex domo Augusta et decreta imperatoria; 7. Pituli 
Honorarii; 8. Donariorum Tituli et Operum Publicorum; 9. Ordo 
Sacrorim, Termini, Defixiones Magicae, Supellex varia; 10, Monu- 
menta privata, maxime sepulchralia, It is partly owing to the influence 
which kh’s ‘Corpus Inscriptionum’ exercised upon the scholars 
of our time, and partly to the political condition of Greece, that since 
the publication of the first volume of Boeckh’s work a prodigious 
wakes of inscriptions have been brought to light by travellers, which 
were before unknown ; all published up to 1852 have been incorporated 
in the ‘Corpus Inscriptionum.’ The principal among these subsequent 
works are :—Ph. Lebas, ‘ Inscriptions Grecques et Latines recueilles en 
Gréce,’ Paris, 1835, &c.; Janssen, ‘ Musei Lugduno-Batavi Inscriptiones 
Graecae et Latinae,’ Lugdun. Bat., 1842, 4to; L. Ross, ‘ Inscriptiones 
Graecae ineditae, Naupliae, 1834-45, 4to; H. N. Ulrichs, ‘ Reisen 
und Forschungen in Griechenland, Bremen, 1840, 8vo; L. Stephani, 
‘Reisen durch einige Gegenden des nérdlichen Griechenlands,’ Leipzig, 
1843, 8vo; E. Curtius, ‘ Inscriptiones Atticae nuper repertae duodecim,’ 
Berlin, 1843, 8vo; C. Keil, ‘Sylloge Inscriptionum Boeoticarum,’ Lips. 
1847, 4to; the travels of Colonel Leake, Fellowes, and Hamilton ; the 
work of Mr. Hamilton contains a large number of inscriptions from Asia 
Minor ; and Letronne, ‘ Recueil des Inscriptions Grecques et Latines de 
l'Egypte, 2 vols., Paris, 1842-48, 4to; and the Philological Journals of 
Germany, France, and England, 

Latin Inscriptions.—These are not less numerous than those of 
Greece, and are found in great numbers at Rome, in Italy, and all the 
countries which were once subject to Rome, They embraced the 
same variety of subjects as the inscriptions in Greece, and if only the 
principal ones had been preserved the early constitution of Rome 
would be comparatively clear, whereas now there are a vast number of 
questions to which we can only answer by conjectures. Some of the 
Roman writers have, it is true, made use of the most important 
inscriptions for the early history of Rome, but not by any means to 
that extent which we could wish. The attention of Roman writers 
does not appear to have been so much directed towards this source of 
information as that of the Greeks, for there is no instance of any col- 
lection having ever been made by the Romans themselves, although 
some of their inscriptions were of the very highest importance in a 
constitutional as well as legal point of view. At the time of the over- 
throw of the Western Empire thousands of inscriptions must have 
perished, especially those engraved on metal, as the material excited 
the avarice of the Barharians. Buta + number was still preserved 
in Rome and Italy, which attracted the attention of the learned even in 
the early part of the middle ages. ; 

The oldest collection of inscriptions found at Rome exists in the 
monastery of Einsiedeln: it is written on parchment, and probably 
belongs to the 10th or 11th century. It is printed in Mabillon 
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(* Veterum Annal.,’ p. 358, &c.). At the time of the revival of letters, 
the attention of the learned was chiefly directed towards the authors 
of antiquity, but ever since the 15th century attention has also 
been bestowed upon inscriptions. The man who first formed the idea 
of a comprehensive collection was the above-mentioned Cyriacus of 
Ancona, who undertook his travels at the request and the expense of 
Pope Nicholas I. The first printed collection of Latin inscriptions is 
that of Peutinger, who collected and published those which were found 
at Augsburg and in its neighbourhood on several folio leaves, under 
the title of ‘ Romanae Vetustatis Fragmenta in Augusta Vindelicorum 
et ejus Dioecesi,’ Augsburg, 1505. Another collection, which is now 
extremely rare, was published by Laurentius Abstemius, at Fani in 
1515, of which a second edition by F. Polyardu appeared in the same 

ear. The collection published by the bookseller Mazocchi, at Rome, 

1520, in folio, under the title ‘ Epigrammata Antiqua Urbis Romae,’ 
contains scarcely any other than sepulchral inscriptions. 

After these collections of local inscriptions, B. Amantius and P, 
Appianus, supported by the liberal merchant Raimund von Fugger, 
published a general collection under the title of ‘ Inscriptiones Sacro- 
sanctae Vetustatis, Ingolstadt, 1534, fol. Soon after, the learned 
George Fabricius published a considerable collection of Latin inscrip- 
tions which he had made in his travels, and which had been com- 
municated to him by his friends, in the second volume of his ‘ Roma,’ 
Basle, 1550, reprinted in 1587, and at Helmstiidt, 1660, fol. Martin 
Smetius of Bruges, during a stay of six years in Italy, made a very 
careful collection of inscriptions, which however were not published 
till after his death by Janus Douza, and with an auctarium by J. 

us, Lugdun.-Bat. 1588, fol. The work of Laurentius Schrader, 
* Monumenta Italiae,’ has one volume which contains only inscriptions 
which he had collected during his visits in Italy; they are 
according to the towns in which they were found, but he does not 
distinguish between the earlier and later inscriptions, and he has some 
which are evidently not genuine. After that of Schrader followed that 
of Thom. Reinesius, which was mentioned above. A somewhat more 
complete and accurate collection of 4688 inscriptions was published by 
Fabretti under the title ‘ Inscriptionum Antiquarum, quae in Aedibus 
Paternis asservantur Explicatio et Additamentum,’ Rome, 1699, fol. 
(some copies bear date of 1702, but this is only a bookseller’s im- 
position). 

But all the works here mentioned are eclipsed by the undertaking of 
Janus Gruterus, which was to contain all the inscriptions that had 
until then been made known. He took the work of Smetius as his 
foundation, and was actively assisted by Joseph Scaliger. The collec- 
tion appeared under the title ‘ Inscriptiones Antique totius Orbis 
Romani,’ Heidelberg, 1603 and 1663, fol. J. G. Graevius afterwards 
undertook to edit a still more complete and corrected edition, but he 
did not live to complete his task, which fell into the hands of P. Bur- 
mann, who assisted by many other scholars, published the new edition 
of Gruter, under the title ‘ Inscriptiones Antiquae totius Orbis Romani, 
in absolutissimum Corpus redactae, olim auspiciis J. Scaligeri et M. 
Velseri, industria autem Jani Gruteri, nunc notis Marquardi Gudii 
emendatae, cura J. G. Graevii,’ Amsterdam, 1707, fol. Marquard 
Gude, who had travelled in Italy, likewise prepared a collection of 
inscriptions for publication, which however was edited after his death 
by F. Hessel, Leovardiae, 1731, fol. This collection however contains 
many forgeries made by the notorious Ligorius. A collection of 
2000 inscriptions which had been’gathered by Doni, was published by 
Gori, ‘ T. B. Donii Inscriptiones Antiquae,’ Florence, 1731, fol. In 1739, 
L. A. Muratori published his ‘ Novus Thesaurus Veterum Inacriptionum,’ 
Milan, 4 vols. 4to., to which a supplement was added by S. Donatus 
in 2 vols., Lucca, 1765, &. Among the collections of inscriptions 
published at a later time, the most important is the selection from all 
the known inacriptions which was published by J. C. Orelli, under the 
title ‘ Inscriptionum Latinarum selectarum amplissima Collectio ad 
illustrandum Romanae Antiquitatis Disciplinam. accommodata, &c. ; 
cum ineditis Hagenbuchii suisque Annotationibus,’ Ziirich, 1828, 2 vols, 
8vo. This collection is extremely useful, especially as corrected and 
extended by the supplementary volume by G. Henzer, 1836 ; for the 
student should be warned that Orelli has not always published the 
inscriptions with that accuracy and exactness which are required in 
works of this kind. Another work of great value is the splendid 
collection of Neapolitan inscriptions made by T. Mommsen, ‘ Inscrip- 
tiones Regni Neapolitani Latinae, fol. Lips. 1852. For the Latin 
inscriptions which are still continually being found in various parts of 
the world once subject to Rome, the student must consult the trans- 
actions of the various archmological societies formed in all parts of 
Europe, a chief object of which is the searching after, preserving, and 

blishing the Roman monuments existing in the particular districts 
E which those societies are formed. The number of Latin inscriptions 
now known amounts to considerably over 60,000. 

Among the works to be consulted by those who wish to acquire a 
facility in reading and understanding Latin inscriptions, the following 
are of importance: Zaccaria,‘ Instituzione Lapidaria,’ Rome, 1770, and 
Venice, 1792; Morcelli, ‘De Stilo Inscriptionum Latinarum Libri 
Tres,’ Rome, 1781, and reprinted in his ‘Opera Epigraphica,’ Patavii, 
1819, 5 vols. 8vo.; Kopp, ‘ Palaeographia Critica,’ im, 1817-29, 
4 vols. 4to.; and Orelli’s Introduction to his Collection. 

INSOLINIC ACID (C,,H,0,) results from the prolonged action of 


chromic acid upon cuminic acid. It is insoluble in alcohol or ether, 

and nearly insoluble in water, hence its name. It is bibasic, its salts 

being formed by the replacement of two atoms ot hyde by metals; 

the neutral potash salt contains (C,.H,K,O,), the it (C,,H,KO,).. 
Insolinic acid is interesting as being one of the few members of 

series of bibasic acids having the general formula CyHy—,.0 

series is derived from the aromatic acids (benzoic, &c. C, H.-,0,), and 

bears a similar relation to those acids that the series C,H,_,0, 

the formic and acetic series of acids (C,H,0,). 
INSOLVENCY.—INSOLVENT, a man who cannot pay his debts. 

[Bankrurt.] In this country, statutes have from time to time been 


passed for the purpose of releasing from prison, and sometimes from 


their debts, persons whose transactions have not been of such a nature 
as to subject them to the Bankrupt Laws. These statutes have been 
passed for a limited time only, and have ae continued by subsequent 
enactments, 

The Insolvent Law of England was consolidated by the 7 George IV. 
c. 57, continued and extended by the 1 & 2 Vict. c. 110, and the 2&3 
Vict. c. 39. The law is administered by commissioners appointed by 
the crown, in a court called the Insolvent Debtors’ Court, and in the 
weg 6 by the judges of the County Courts (10 & 11 Vict. c. 102). 

By the 1 & 2 Vict. c. 110, no person shall be arrested upon mesne 
process in any civil action, except in certain cases specially provided 
for by the act. [Arrest.] : 

A person who is in prison charged in execution for any debt or 


damages, or otherwise committed as mentioned in the act, may, within | 
fourteen days after the commencement of the imprisonment, petition - 


the court for his discharge in the manner prescribed by the act, and he 


must in such petition state his willingness that all his real and personal 
estate and shall vest in the provisional assignee of insolvent 


debtors’ estates; and if within twenty-one days after the like time he 
does not make satisfaction to the creditor at whose suit he is so charged 
or committed, such creditor (or other person mentioned-in the act’ 
may petition the court for an order vesting all the real and 

estate of the prisoner in such provisional assignee. When rials Yes 
has been filed, and the court has made the order above re to, all 


the prisoner's real and personal estate, and everything which he may in 


any way acquire before his final discharge, is vested in the provisional 
assignee by virtue of such order when recorded, except the wearing 
ap ‘5 Lag &c., of the debtor, not exceeding in the whole 20/, in 
value, e 
him, and of all his property. The court has power to appoint assignees 
for the management of the insolvent’s estate; and on such assignees 
assenting to the appointment, all the estate of the insolvent, which 
was vested in the provisional assignee, becomes immediately vested in 
such assignees for the payment of the prisoner’s debts. After the court 
shall have adjudged the discharge of the insolvent, he is not liable 
to imprisonment for any debt in respect of which the adjudication was 
made. But any property which he may acquire subsequent to his dis- 
charge may be taken in execution, under the provisions of the act, for 
the payment of his unsatisfied debts ; and if the property be of such a 
nature that it cannot be taken in execution, the court may imprison 
the insolvent till he conveys such property, as the court may direct, for 
the general benefit of his creditors, It is unnecessary to specify the 
various provisions of the insolvent laws; their general object is to 
release the debtor from prison, to free his person from liability as to 
debts contracted previous to his di , but to make all his present 
and future acquired property available for the benefit of his creditors, 
Where new creditors have a claim on the insolvent’s subsequently 
acquired property, which is of such a nature that it cannot be taken in 
execution, it may be necessary to apply to a court of equity, which in 
administering such estate of a d insolvent, will pay the i 
subsequent to the insolvency first, and then the creditors prior to the 
insolvency, | 

In cases where it is proved that the insolvent has fraudulently made 
away with his property, or that his debts were fraudulently con 
the court does not discharge his person immediately, but has power to 
order him to be i ed for a period not exceeding three years 
from the date of his petition to the court for his di 

There is another statute in the English law (82 George II. c. 28), 
generally called the Lords’ Act, from its having originated in the 
House of Lords, also continued and extended by subsequent enact- 
ments, which enable a debtor taken in execution for a debt not exceed- 
ing 3000. to obtain his discharge Le: 5 surrendering all his effects ( 
apparel, bedding, and tools of trade, not exceeding 10/. in the whole) to 
ot fee roceedings licable onl and 

The above p ings for relief are applicable after arrest anc 
imprisonment; and no relief could be obtained by a cessio bonorum 
made before imprisonment by a person not a trader within the mean- 
ing of the Bankrupt Acts, until the passing of the 5 & 6 Vict. c. 116, 
which has since been amended by 7 & 8 Vict. c. 70, and c, 96. 

The act 5 & 6 Vict. c, 116, which came into operation 1st November, 
1842, enabled a person who was not a trader within the meani 
the Bankrupt Laws, or a trader who owed debts which amounted in 
the whole to less than 3001. to obtain by petition a protection from 
the Court of Bankruptcy in London, or the Commissioners of the 
District Courts of Bankruptcy in the country, from all process what- 
ever (except under a judge's order), either against his person or pro- 
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perty, until the case was adjudicated by the court. In the interim, 
the insolvent’s was vested in an official assignee appointed 
by the court. If, on hearing of the petition, the commissioner 


satisfied with the allegations which it contained, and that the 
were not contracted ud, breach of trust, or by any 
of the laws, he was em to wake del 


e 
3 


: 
Fe 


protection of the petitioner from all process, and to cause” 


and effects to be vested in an official assignee, together with 
chosen by the creditors. 

The 8 Vict. c. 96, passed 9th August, 1844, is entitled ‘“‘An 
Act to amend the law of Insolvency, , and Execution.” It 
enacts, prisoner in execution upon j ent in an action for 
debt, who is not a trader, or whose debts, if a trader, are under 300/., 


i 


ak 
gee 


¢. 96) and his family, the working tools and implements of the 
eee tine ing in the whole the value of 201. Under the 
& 8 Vict. c. 96 (§ 39), if a petitioner for protection from process 
to the Le phe es of that act) shall wrongfully and fraudu- 

omit in schedule—which schedule he is required to make 

(5 & 6 Vict. c. 116)—any property whatsoever, or retain or exempt out 
sc practises, Sy “pen teemyen ahpar emPaeaeT 
property of greater value than 20/., he shall, upon conviction, be liable 
to be imprisoned and kept to hard labour for any period not exceeding 


7 & 8 Vict. c. 96, made a great alteration as to debts under 201. 
The 57th section is as follows: “ Whereas it is expedient to limit the 
present power of arrest upon final process, be it enacted, that from and 
after the passing 6f this act, no person shall be taken or charged in 
execution upon any judgment obtained in any of her Majesty’s superior 
courts, or in any county court, court of requests, or inferior 
court, in any action for the recovery of any debt wherein the sum 
recovered shall not exceed the sum of 20/., exclusive of the costs 
recovered by such judgment.” 
The jurisdiction of the Court of under these (protection) 
statutes was transferred to the Court for Relief of Insolvent Debtors 
in London, and to the County Courts in country cases, by the 
10 & 11 Vict.c. 102. © 
The7 & 8 Vict. c. 70 (often called the Gentleman’s Act) provides 
for between persons not traders within the meaning of 
the Bankrupt Acts, and their creditors, under the control of the Court 


of Bankruptcy. 
The 8 & 9 Vict. c. 127 Fig to creditors the’ means of obtaining 
0l., besides the costs of suit, by process of 
ion, ‘ i 


iy carne Rommel or rope clrenep ng ttc sper 
of t en b pro) or means of payment he 
TT sails or wey Naarny thai diapoml be tang ve made of any p' y 
since contracting such debt etal.” The court is empowered to ean 
order on the debtor “for the pa; t of his debt by instalment or 
otherwise ;” and if the debtor fails to attend or to make satisfactory 
answer, or shall appear to have been guilty of fraud in contracting the 
debt, or to have wilfully contracted it without reasonable prospect of 
being able to pay it, or to have concealed or made away with his pro- 
perty in to defeat his creditors, or to have had since the judg- 
ment wherewith to pay the debt, the court may commit him for 


not 
The proceedings upon a judgment summons under the County Court 
Acts are of analogous description and effect. 
The law of debtor and creditor has been a difficulty in all countries. 
In England an insolvent debtor may, in certain cases, be subjected to 
oe peep eg mp toy If he cannot claim the benefit of 
Laws, he is subject to the law that relates to insolvent 
debtors. uestion of arrest and impri it for debt has been 
chiefly Misewed with reference to insolvent debtors; that is, the class 
of debtors whose debts have not been contracted in the operations of 
trade or commerce, or under such circumstances as to bring them 
within the Bankrupt Laws. 
The t, very learned attorney-general (Sir R. Bethel) has intro- 
the present (1860) session of parliament a bill to amend the 
law of bankruptcy; to assimilate the law relating to insolvents who 


fertlltiee capacity wil, 1b is to be hoped ive the sancti f 
e yi » Teceive e ion 0 
parliament ; it at once received the earnest approbation of the com- 
mercial community. 
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This process is mentioned in the earliest records of the Scotch law? 
under the significant name of the bare-man process. It was considered - 
in the local courts, and the benefit of it was allowed, as well by way of 
defence as by way of suit and action, the debtor swearing that he had 
not in goods or gear beyond five shillings and a plack, and that of all 
his gains thenceforth he should assign every third penny towards 
payment of his debt. (Quon. Att.,c. 7; stat. Will., c. 17.) But on 
the erection of the Court of Session, the process was drawn thither, 
and remained there to the exclusion of the local judicatories. It then 
also got the name of cessio bonorum, and began to be viewed through 
the medium of the canon and civil laws : the applicant’s character was 
changed ; he was no more a bare man, or in a condition of mere 
destitution ; he was a dyvour, or spendthrift (from the French devorer, 
to squander or consume one’s substance); and his state was infamous, 

Acting on these principles the Court of Session which up till the 
Union usurped a legislative power in many matters, in 1606 appointed a 
pillory near the market-cross of Edinburgh, with a seat upon it, where 
all dyvours were to be exposed on a market-day at noon, with a bonnet 
of yellow which was to be worn by them constantly under the pain of 
three months’ imprisonment, if apprehended at any time without the 
same. This, the dyvour’s habit, was by the same authority changed in 
1665, and appointed to be a coat or w garment, whereof the one 
half should be yellow, and the other halt brown, with acap or hood of 
the same. It was also enacted in 1685, that the insolvent, should 
specially prove how he became bankrupt; and shortly afterwards he 
bag captors oe eli Narra ertons had been the space of one 
month in é H 

The consequences of such legislation might be anticipated. Con- 
tinuance in jail was delivery on such terms; and 
accordingly the jails of the kingdom were in course of time filled with 
miserable objects. To remedy this evil an act was passed in 1696, 
called the Act of Grace, which on the mble that “ generally the 
burghs of the kingdom are troubled and overcharged with prisoners 
thrust into their prisons, who have nothing to maintain themselves, 
but must of necessity either starve or be a burden on the burgh,” 
declared it lawful to the magistrates of burghs to liberate indigent 
debtors, if, after notice to them to that effect, the creditors failed to 
provide them aliment at the rate mentioned in the statute. But so 
entirely was the true source of the evil overlooked that in the same 
year an act was passed in parliament expressly forbidding the lords of 
session to dispense with the bankrupt habit in any case of cessiv bonorwm, 
unless the bankrupt’s failing “through misfortune” were libelled, 
sustained, and proved; and so late as 1775, the court refused to 
dispense with the habit. Sounder and more humane notions began to 
prevail however, and generally the habit was in later times dispensed 
with by the court. These notions were unquestionably derived from 
England ; and it is to the House of Lords, in its appellate jurisdic- 
tion, and to the British parliament, that the present state of the 
Scotch insolvent law, its restoration to its ancient condition, is to be 
traced. 

The process of cessio bonorum has been modified by modern legisla- 
tion, the “ bankrupt habit” entirely abolished, and a jurisdiction in 
cessio conferred on the Sheriff Courts. The effect of a decree of cessio 
is not to discharge the debtor, but merely to relieve him from the 
operation of personal diligence or attachment of his person. It affords 
no protection against the attachment by his former creditors of any 
property which he may subsequently acquire by personal industry 
or otherwise, if the goods already surrendered fall short of extin- 
guishing his debts. 

INSOLVENT DEBTORS. [Insotvency.] 

INSPIRATION. [Reverarioy.] 

INSTINCT, according to Beattie (‘Moral Science,’ ¢. ii. sec. 8), is a 
natural impulse to certain actions which animals perform without 
deliberation, and without having any end in view, and without knowing 
why they do it. Lord Brougham, in his ‘ Dialogue upon Instinct’ first 
published in his edition of Paley’s ‘ Natural Theology,’ in 1839, separates © 
instinct into physical and mental. He says “ physical instincts are 
independent of will or mind altogether, though they never are found 
except where animal life—and consequently mind, exists; but yet 
mind may influence them, Just so the mental instincts are indepen- 
dent of reason altogether, though they are found in union with it, and 
reason may influence them.” 

That the spontaneity of instinct operates unconsciously is fully 
established by observation. A calf butts with its head before its horns 
are grown; and the hen broods over the eggs of another species, or 
even simulated eggs, as patiently as over its own. Lastly, children in 
certain states of the body are observed to devour eagerly chalk and 
other earths which are the proper remedies for the’ disease, although 
they can have no knowledge of their beneficial nature. Generally 
indeed this involuntary direction of animal activity appears to be 
determined by certain organic states which give rise to a vague feeling 
of desire or aversion, whereby different species of animals are impelled 
to pursue or to avoid particular objects as necessary for carrying out 
the purposes of their existence. ; 

In the civilised state of man it is extremely difficult to distinguish 
the effects of habit from the operations of nature, but from observation 
of the states of childhood and barbarism the ordi instincts of the 


human species are apparently few in number, In children pes action 
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of sucking is generally considered instinctive, and,in a barbarous | and foreign 
state, the first coming together of the sexes, The latter however has | painting, soulpture, architecture, engraving, and ic. a. 
been denied by H , a8 the former has by Priestley, who considers | consisted of r and 36. i om 
it to be purely mechanical, like the action of breathing, which Reid has | pondents, native and foreign, The class of moral and political sciences = 
classed among instinctive actions, Besides these there are | was s ; Bona: was never partial to those studies (Thibau- , 
a 


eertain extraordinary instincts which are evoked by diseases, in con- 
sequence, it would seem, of a change in the mixture of the organical 
elements of the body, It is thus that the instinctive taste for acid 
drinks in the feverish patient, and the ravening of children for chalk, 
&e., which has been already notiged, are to be explained. ' 

But it is in the brute creation that we meet with the most numerous 
examples of this original quality. The wasp, which does not itself 
feed upon flesh, and Sid weawe not that a larya is to proceed from 
the egg which it has deposited in the sand, collects a number of green 
worms, and having rolled them up in a circular form, fixes them in the 
hole in such a manner that they caunot escape. The number of the 
‘Worme so deposited is exactly proportioned to the time necessary for 
the growth and transformation of the wasp-worm into a fly, when it 
issues from the hole and is capable of procuring its own food, An 
instance of what we have termed extraordinary instinct is afforded by 
the nymph of the phrygunie, commonly called the caddis worm, 
which cover themselves by means of gluten with pieces of wood, straw, 
small shells, or gravel, It is necessary that they should always be 
nearly in equilibrium with the water in which they live. To 
accomplish this, when their covering is too heavy they add a piece of 
wood; when too light, a bit of gravel. 

Mr. Smellie, from whose work on the ‘Philosophy of Natural 
History’ our examples have been drawn, distinguishes two classes of 
instincts; those which, independent of all instruction or experience, 
instantaneously produce certain actions when particular objecta are 
presented, or under the influence of peculiar feelings ; and those which 
ean accommodate themselves to peculiar circumstances and situations. 
Of the latter he gives as an instance the adaptive instinct of the 
ostrich, which, in Senegal, neglects her eggs during the day, but sits 
upon them in the night; whereas at the Cape of Hope, where 
the heat is less, the ostrich, like other birds, sits upon her eggs both 
day and night. The distinction however seems unn . By the 
uniformity of instinctive operations nothing more is meant than that 
the actions of all the individuals of the species are similar when the 
circumstances are the same. Under different cireumstances the same 
species may act differently, but the correspondence of individual 
operations will still continue. 

While some writers have gone the length of reducing all the 
faculties of the human mind to certain instinctive principles of action, 
othera have elevated the animal instincts to a level with rational 
deliberation, Locke and Lord Brougham hold that animals possess 
some of the faculties of reason. Descartes holds that all their actions 
are mechanical, Lord Brougham founds his belief on the fact that all 
animals have perception, and as this implies consciousness, it must 
lead in some degree, however restricted, to the possession of reason. 
This is worked out at considerable length in the dialogue mentioned 
above. Instinct however differs from intellect by the unerring 
certainty of the means it employs, the uniformity of its results, and 
the pertection of ita works prior to and independent of all instruction 
or experience; and lastly, by the pursuit of nothing beyond what con- 
duces di either to the continuation of the individual or the 

ition of the kind. But the arts of rational creatures proceed 
slowly through diversified and oft-repeated experiments, while the 
means they employ are always various, and seldom the best and most 
appropriate ; and in their works, though falling far short of perfection 
in many respects, the difficulty is increased bya voluntary combination 
of the beautiful with the merely useful. 

INSTITUT, NATIONAL. The various academies of learning in 
France eo dispersed during the first storms of the Revolution, 
@ decree of the Republic, dated 3rd Brumaire of the year IV., esta- 
blished a national academy, called the Institut, consisting of three 
classes, namely, 1, physical and mathematical sci ; 2, moral and 
political sciences ; 4, literature and the fine arts, The object was to 
promote the progress of learning, to publish memoirs, to make the 
nation acquainted with the new discoveries, and to correspond with the 
learned of other countries. Each class consisted of a certain number 
of members residing at Paris, and a number of associates in different 
parte of France, with a small number of foreign honorary meimbers. 
(‘ Compte rendu et té au Corps Législatif le ler jour complé- 
mentaire de l'an IV., par l'Institut National des Sciences et Arts,’ Svo., 
Paris, an V., (1797). Bonaparte, after he was maile first consul, gave a 
new isation to the National Institute, by a decree dated St. 
Cloud, January, 1803, and made it consist of four classes; 1, physical 
and mathematical sciences, divided into eleven sections, namely, geo- 
metry, mechanics, astronomy, geography, and navigation, general 
= op chemistry, mineralogy, botany, rural economy and the vete- 

ary art, anatomy and zoology, and lastly, medicine and surgery. 
This class consisted of 62 resident members, who could appoint 100 
correspondents, including foreigners; 2nd class, French language and 
literature, consisting of 40 members, like the old Académie Francaise ; 
Srd class, ancient history and literature, which corresponded to the old 
Académie des Inscriptions et Belles Lettres. This class consisted of 
40 members and 8 foreign associates, besides 60 correspondents, native 
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francs was fixed for each resident member, and a salary 

to each of the five perpetual secretaries, of whom there/were two for 

the first class, and one for each of the other three, rupee 

were also awarded. Bonaparte was named member for the of 

mechanics. When he became emperor the Institut took the name of 
z 


1816, without changing the 
class, restored the old names of 
Frangaise, Académie des Inscriptions et Belles Lettres, 


divided into five seetions, and consisting of 30 resident bers ar 
5 foreign associates, besides about 30 correspondents. Neer 
_— et National,’ for 1837.) This constitution has been-contin - 
er the Emperor Napoleon III. These various classes or be 
have published many memoirs and_ re ; those of the a 
des Inscriptions, styled ‘Mémoires de l'Institut par la classe d’ as 
et de Littérature ancienne,’ 4 vols. 4to., Paris, 1818, contain 
valuable pa) See also the annual ‘ Compte du,’ on the state of — 
science in France, and the ‘ Discours,’ or orations pronounced at the 
reception of every new member. ala 
INSTITUTION. oooh z 
‘ Pr mt wae ASTRONOMICAL, are described under several 
For Meridian and Vertical circles see Orrcix. 2 eal 
Pe For the repeating circle (Borda’s and Reichenbach's) see Rergavine 
SIRCLE. y 
For the sextant and other reflecting instruments see SextaNt. The 
Transit, Equarontat, Zentra Sxoror, and CoLimator, are deseribed — 
under their respective titles, a 
For the apparatus used in measuring small quantities and sub- j 


7 

: 
yo 
- 


divisions, see MicROMETER ; VERNIER. ft ao 
FS: machines for measuring time are described under Hornonoay; 
ENDULUM, 


FOOTE Eta ae ¢ nant ee ag pier pers & ; 
R INTS, SICAL, are, 1. Keyed, as the piano- 
forte, &a.; 2. Stringed, as the violin, violoncello, &e.} 3. Wind, athe 
flute, horn, &c,; and 4. of Percussion, as the drum, cymbals, &e, Seo 
the various instruments under their respective names, . a 
INSULATION, [Enrorricrry, Common. ] : . 
INSURANCE, FIRE, Associations for securing individuals from 
the ruinous consequences of accidents beyond their own control now 
form almost a ni of our social institutions, jong such 
combinations for the security of individuals, com for assuring si 
the owners of property from loss arising from fire are among those d 
of most obvious utility, and have long been successfully established in 
this country. It might have been expected that the great advantage 
to wwelety Ot nai ree eee ruin by means of j 
trifling annua) contributions have been felt and oakeve e 
on the part of the government, so far at Teast as to prevent the : 
posing of a tax upon the prudence of the people. Such however is not 


the fact, and a duty is levied at the rate of 3s, 
upon the amount of property insured against 


demanded by the insurance offices, and which is found it to 
cover all losses, a8 well as to defray the expenses of management, and 
to _— tha uate a to erg tie embark their perty 
in the » ‘This rato is ls. 6d. per cent. for all property 
deemed enbnierases; for property considered: hazardous, higher 
rates of insurance are taken, and in some cases by i , 
only, or are wholly refused, as in the ease of der-mills, How far 
the imposition of this tax prevents insurances being effected it is nob 
possible to determine. That many persons neglect to insure against 
the risk of fire from being compelled to pay 4s. 6d. for each 1002 
value of their property, who would not neglect such ution if 
they could attain security by payment of 1s, 6d. for a Tike t 

will be readily acknowledged ; and the propriety of repéaling this tax 
has been frequently urged. But this tax produced to the revenue in 
1858 the sum of 1,503,0102, and as the amount is raised without trouble 
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is besides no individual who can complain of special injury or grievance 
from the tax, and the insurance offices, by which fh oolieaea and 
paid over to the government, have a special advantage in its con- 
tinuance, in respect of the discount or allowance which is made to 


them on the amount, During a period of distress ye the 
agriculturists, the landowners “aya farmers of the United Ringo, 
¢ : p <6 Seek, 
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through their tatives in parliament, recently obtained an 
advantage over other classes of the community by the repeal of the 
duty upon insurance of farm produce, -~ * 

The value of property insured against fire in the United Kingdom 
may be ascertained from the gross amount of the duty collected ; this 
value in 1858 was 1,001,872,8157.; and the value of farm produce 
insured was 73,570,4811. 

Peicninan LIFE. [Reverstons.] s 

INSURANCE, MARINE, was probably introduced into this country 
from Italy by the Lombards, together with many other commercial 
institutions, about the 13th century. The earliest specific record of 
its existence in | history is a reference in Lord Coke’s ‘ Reports,’ 
part vi., 47b, to a case decided in Michaelmas Term, an. 30 & 31 
£liz. ; but the antiquity and prevalence of its practice is evidenced by 
a statute passed shortly afterwards, in the 43rd year of the reign of 
Elizabeth, whereby, alter reciting that such assurances had existed 
time out of mind, a particular court called the Court of Policies of 
Assurance (since fallen into disuse) was constituted for the deter- 
mination in a summary manner of disputes arising out of insurances. 

A marine insurance is a contract entered into between persons 
having some pecuniary interest in ships, their cargo, or their earnings, 
on the one side; and other persons, who, in consideration of a 
premium or money payment, varying with the risk, but payable in an 
event, undertake to indemnify (insure) the former against specified 
losses at sea.. The insurers are ordinarily termed underwriters, because 
they write their names at the foot of the policy opposite that portion 
of the whole amount to be insured which they severally. insure. 

Underwriting is a business still carried on principally by individuals ; 
indeed, until 1824, it was, by statute, illegal for any partnership or 
corporation other than the Royal Exchange Assurance, and the London 
Assurance Companies, chartered to underwrite a marine policy. In 
that year the monopoly was abolished, and there are now three pther 
companies that also insure against marine risks. Even prior to 1824 
numerous clubs, or associations of shipowners, for mutual assurances 
were established, but these are now generally limited to small risks 
and short or coasting voyages. , 

ting business in the world is transacted by the 
underwriters who assemble 


or merchandise in time of distréss; 
arrests or embargoes laid on by public authority; and fraudulent 
conduct (called barratry) of the master or mariners. Against all these 
risks the underwriters severally engage to indemnify during the par- 
ticular voyage, or for the period of time specified im the policy ; and 
even if the vessel should in fact be lost at the time when the policy is 
executed (the circumstance being then unknown to both parties), the 
insurance is, by the ordinary form of these contracts, binding, it being 
the practice in our English policies to insure, “lost or not lost,” words 
not usually inserted in the insurances of other nations, But the 
voyage marked out in the policy must be always exactly pursued; for 
the slightest deviation from it, except under circumstances of absolute 
y , will render the insurance ineffectual ; and that, whether the 
loss be occasioned by the deviation or not, and whether the ship 
resume her proper course or not, before the loss happens. Every 
marine policy for a specific voyage is made under an implied warranty 
that the ship shall, at the time of the commencement of the risk; be 
seaworthy, is, in a condition to perform the voyage; and if the 
fact turns out to be otherwise, the assured is not entitled to recover in 
the event of a loss, whether the loss proceed from the defects in her 
condition or from any other cause. 

The assured is entitled to claim upon the policy, not only where he 
is able to give direct proof of the loss, but where he can show cireum- 
stances from which a loss may reasonably be presumed, as that a 
reasonable time has elapsed for iving intelligence of the vessel 
since her departure, and that none has been received; for it will be 
inferred, under such circumstances, that she has foundered. (Payment 
bj underwriters, under such circumstances, is accepted by the Court 
of Probate as very strong evidence of the death of those on board.) 
But,where direct proof of the calamity is given, it may turn out that 
it is either a total, or a partial (called also an average) loss, A total 
loas, again, may be either actual or constructive ; the first, where the 
thing insured is absolutely destroyed, so as to remain no longer in 
Specie, or so damaged that it cannot ever arrive in specie at the port 
of destination ; the second, where the injury it has sustained, though 
short of that above supposed, is so great as to make it reasonable that 
‘the assured should claim as for a total loss, leaving the underwriter to 
recover what he can out of the shipwreck or other calamity. And 
this case seems to arise whenever the nature of the loss is such as to 
afford reasonable ground to the assured for relinquishing the voyage 
altogether, as Where the ship or goods, as the case may be, are so 


* Formerly a coffee-house in Abchurch-lane, Lombard-street, now a sub. 
for the transaction of the business of marine assurance (connected 
with ‘Merchants’, Captains’, and Refreshment Rooms”) in the Royal Exchange, 


damaged as not to be worth the expense of repairs or of being 
forwarded. But in order to claim as for a total. loss by construction 
only, the assured is bound formally to cede or abandon all his remaining 
right in the property to the underwriter; and unless notice be given 
him of such abandonment, within a reasonable time after intelligence 
of the circumstance is received, the loss may be treated as a partial 
one only. In every ease of partial loss, the underwriter is liable to 
pay such proportion of the sum he has subscribed as the damages 
sustained by the subject of insurance bears to its whole value at the 
time of insurance; in the case of a total loss, he is liable to the entire 
amount of his total subscription, not exceeding the value of the 
interest in the thing lost of the person claiming under the ee 
The underwriter is also, by the effect of a special. clause usually 
introduced into policies, made liable to indemnify the assured: in 
respect of any payment he’may have properly made for salvage (that 
is, for the defence, safeguard, or recovery of the ship or goods), or in 
respect of general average, which latter subject is of a kind to require - 
special’notice. ‘[AVERAGE. ] 

A stamp duty is levied upon all policies of marine insurance, whict 
is very unfairly made to increase with the risk, (Stephen’s ‘Comms,,’ 
4th edit., vol. ii, p.126 et seg. See further Arnould, ‘On Marine 
Insurance.’) ‘ 

INTA’GLIO, an Italian word composed of in and tagliare, to cut. 
It is aterm of art appliéd to small works of the gem class, in which the 
design is indented, or engraved, to distinguish them from those in 
which the subject or device is raised, called CAmfos, and under which 
head will be found a brief notice of the history of both kinds of gem 
engraving. The French call such sunken works “en creux.” Dies 
from which coins and medals are struck are also engraved in intaglio, 
but the process is technically known as Dre-Styxkrne, and has been 
treated of under that head. The present article will be confined to the 
depressed or incised engraving of precious stones. 

The earliest reference to works in intaglio is in the sacred writings, 
where they are spoken of as being employed for stamps or seals for 
giving suthggty ity to decrees, contracts, and similar purposes. In the 
Ola T uent notices of them occur, as among others, when 
Tania desired a pledge from Judah he gave her his signet (Genesis, 
xxxviii. 18). Another instance is in ‘the description of the sacerdotal 
breastplate, where we are told the stones that were set in it were to be 
“like the engravings of a sigtiét,every’one with his name.” (Exodus, 
xxxix.); showing by this general reference that such engraving, or 
working in intaglio, must have been we! own at that time. 

Among the ancient Greeks and Romans, the art of engraving in 
intaglio was extensively practised, from the custom of wearing a signet 
ring being general among freemen. The Greeks carried this branch 
of the fine arts to the same perfection which their genius and feeling 
for the beautiful enabled them to reach in all others to which they 
devoted their attention; but we do not trace its existence among 
them to avery remote date. It has been supposed that as Homer 
does not allude to seals they were not used in his time. The earlier 
engravings for signets-probably were mere rude symbols; the exquisite 
designs produced by Pyrgoteles and others of the more renowned seal 
engravers of the best period of Greek art were the ultimate results of 
a prolonged course of experiment, practice, and observation, pursued 
concurrently with the progress of the arts of design generally. As was 
said under Camzo, the art of gem engraving reached its highest point 
of perfection in the time of ‘Alaxaadbe, and it continued to flourish for 
a long period afterwards. And the Greek engravers also found ample 
patronage in Rome, where the possession of choice engraved gems both 
intaglios and cameos, became a passion, The extravagant fondness of 
the Roman matrons for engraved gems was satirised by Juvenal, and 
gave rise to the remark of Pliny, that they “ loaded their fingers with 
princely fortunes.” This profusion gradually extended itself to the 
wearing apparel of both sexes; and among the opulent classes almost 
every article of use or dress glittered with engraved gems. The end- 
less quantities of intaglios and cameos to be found in private collections 
as well as in the public museums of Europe would alone suffice to prove 
that there could haye been no exaggeration in the statements of con- 
temporaries. Many of these ancient intaglios are of the most exquisite 
design and execution ; pure in taste, refined in drawing, and modelled 
with almost faultless delicacy and precision. Many of course are of 
very inferior quality, and it is only due to admit that though essentially 
imitative in style many of the cinque-cento intaglios are little inferior 
in execution to the finest of the antique specimens. 

The gems employed by the ancient intaglio engravers (sealptores) for 
engraving on, were chiefly some of the many varieties of the agate, as 
cornelians, chalcedony, onyx, sardonyx, &c., with jasper and other 
opaque varieties of quartz; and sometimes even the amethyst, hya- 
cinth, garnet, and other transparent precious stones. They likewise 
employed artificial gems or pastes, and some of the finest intaglios 
remaining are of this kind. 

There has been much discussion as to the process by which the 
ancient gem engravers executed works which are now justly ref 
to ag the best examples of the art. It has been a question with anti- 
quaries whether the lathe was known; but though it is not described 
by any ancient writer, the works themselves seem to afford evidence of 
its employment, and Pliny refers to the invention of an instrument 
which he calls “ tornum” (‘ Nat, Hist.’ lib. vii.), which may fairly be 
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supposed to mean a turning machine or tool. It is certain they were | whole required, without the necessity of paying attention to the re- 

acquainted with the use of diamond-powder, though Naxian dust ns. Feo 
to have been chiefly used. stone was first brought | Now let gx be a function of «, of which the differential coefficient — 


the requisite form and surface by a polisher (politor) ; when the 
joyed various kinds 


point set in steel ; in the saat to wee one 
Greeks the utmost attention, bably using the diamond-dust 
“~ aia. cer unst.,’ § 313 &c., and the 


The practice of cutting stones in intaglio is by an ay 
similar in principle to the turning lathe, which gives the cutting tool, 
placed horizontally, a quick rotatory motion, the stone on which 
the design is to be engraved being brought in contact with it, the 
surface is ground away or indented, till the effect required is produced, 
Tostruments of various sizes are used, which can easily be removed 
and replaced, and it is usual, during the process of ring, to supply 
the points of the tools with diamond-dust mixed with a little sweet 
oil, As the work ifs are occasionally taken in wax. 

INTEGER, a whole med seni istinguished from a fraction. The 
more common name for a multiple of unity is “ whole number,” mean- 
ing a number of units without any broken unit or fraction of a unit. 
But if the student find any difficulty in separating the word “ whole” 
for this purpose from its common meaning, he may accustom himself 
to the word integer. We are led to this remark by finding in a work 
of celebrity an attempt to connect the word “whole,” as used in 
“ whole number,” with its general meaning, as when we say the whole 
is greater than its part, as follows: “ Integers may be considered as 
numbers which refer to unity, as a whole to a part.” 

INTEGRAL CALCULUS. The integral calculus is the inverse of 
the DIFFERENTIAL CALOULUS; that is to say, if a being given, it be a 
question of the differential calculus to find B; then B being given, it is 
a question of the integral calculus to find a. 

The question of finding a differential cvefficient requires the attain- 
ment ot the limit of the ratio of two eager pease diminishi 
increments of y and z, y being a function of x: and therefore the 
fundamental question of the integral calculus is as follows: knowing 
the limit of ratio of the increment of y to the increment of x, required 
the function of z which y is. Or, having given a function of x, 
required that function of which the given function is the differential 
coefficient. . 

But though this view of the fundamental question is sufficient in 
pure mathematics, it is not calculated to connect the process of in- 
tegration with those conceptions which the mind employs in applica- 
tion to geometry or mechanics, We are here accustomed to a rough 
species of integral calculus, with which the preceding seems at first to 
have no connection. Thus a number of small t lines joined 
together appear to com a curve with sufficient exactness [Arc]: 
we arrive at the calculation of a body’s variable motion by supposing 
it uniform during small intervals, and accelerated at the end of each 
interval A posuere iy ; ne deo Drgep nag wet a curve ge any 
degree of exactness by subdividing it into a number o 
curvilinear areas, for each of which we substitute a rectangle [ARga]. 
It should seem then that when, making the proper use of the terms 
1 ativan y we vad that every magnitude is made up of an infinite 

ber of infinitely small parts, we might add that every one of the 
acl is of a more simple kind than the whole. Thus we appear to 
ve a right to say that a curve is made of infinitely small straight lines ; 
that gradual variable motion is made up of infinitely small separate 
impulses ; that the area of a curve is made up of infinitely aipall rect. 
anjles, A correct w ing of this connection is the key to that 
of the integral calculus, and most completely so to that of its ready 


student who has read the articles above ‘cited may now 
endeavour to connect the results, and others of the same kind, by the 
following apa 4p Let a whole be divided into parts, and let 
each part be capable of subdivision into two parts, one of which can 
be simply ex ed and found, and the other of which would be as 
difficult to as the whole itself. Let a+a be the first part, of 
which a is of the former ies, and a of the latter. Let n+6, c+c, 
&c., be the other parts, of which B, c, &c., are of the former, and 5, 
¢, &e., of the latter species, Then the whole question is 


A+B+O+ ...., FO4tb4+C+ o0003 
by which i pel aay oa ap acs b, ¢, &e., are of as much diffi- 
culty as the whole which is to be found. But suppose that when the 


number of parts is considerable, a is very small compared with a, even 
though a should be small; and the same of b compared with B, and ¢ 
compared with oc, &c. Then the whole in question is nearly found by 
odding 4, , ©, &o. : for say thet a were lees than the thourendth part 
of a, 6 less than the thousandth part of B, and so on; then a+b+¢+ 
«+++» is also less than the thousandth part of a+B+C..... , or the 
latter may be taken for the whole with an error of less than one in a 
thousand. Further, su that by taking a number of parts suffi- 
ciently great, we can a, b, c, &e., a8 small as we please in com- 
mma ly yor) vagh tala re Bardo! of as we 
Please of A+ B+0+ onsequently, contin: process 
without limit, the limit of the summation of Sawer «+4 is the 


ing | a8 or B@, &e. But by dimi @ without limit, all the preceding 
ratios are increased without limit; that is, the ratio of the firs 


‘x does not become infinite when « has any value between a anda+b, — 
Then (Tayor’s TutoneM] it may be shown that, whenever zandw+ 4 
h lie between those values, 1 


¢ (7+h) —ox=9'x.h+Pl2, Sa 
where P is not such a function of # and A as would hinder ph and A 


diminishing without limit together. Let a become a+b by the steps 
a+, a+ 20,.....a+n6, nO being =). We have then be: | ymca 


¢(a+0) — ga = 9a 0 + a6 

¢ (a +26) — > (a+0) = ¢' (a+0) 0+ Be 

5 (a+ 38) — (a +28) = 9’ (a +26) 0 + 06" 
o(a +0) —9 (a+ n=T0)=¢! (a+n—16) +20" wa at 
,B, 0,...2, being functions of th . Sum lal 
ratascing a Sechreod we ind iat) Seman 
¢ (a+b) — pa .. > 
is made up of the following series :— an *, 
{a+ 9 (a+0)+9'(a+20)+.....+9/(atn—16)} 0. ial 3 
{aes Be + 8+ + 20 ye a, 
If then wo diminish 6 without limit, or increase without limil the | ll 
hich we pass from a to a+b, we have > UR ‘- 


number of oe 5 


yw 
such a case as has been already described. Let p be the least 


¢’x corresponding to values of « between a and a+: then the 
canst lal sboxt Of thot of pe to a" ae bes kot ae Gs aor 


cannot fall short of that of od to a@-, or Bé#, &e., or 


to the second series is increased without limit. We 
following equation :— 


$ (a+ b)— pa=limit of % (¢’x . Ax) beginning at «=a and ending 


when c=a+b: or, if the interval from a to a+b be divided into » 


out limit. Now the same sort of convention by which [DIFFERENTIAL 
Caxouvs] the limit of 22 is expressed by 5% is here extended, and 
the limit of 3 (g’x. Ax) is written /g’x.dz. The beginning and final 
values of x are placed above and below the integral sign /: thus the — 

preceding equation is written GOP 


#(a+0)—i9a= "gta de, : 
It is common to represent the terminal value of x by « itself, as 
follows :— ; 
or — a= S 2% 


and when the initial value of « is left indefinite, then a simple con- 
stant is written for ga, and the symbols of the limits are omitted, as ~ 


follows :— 
ge= f gx dere. 
Let us now a given function fx, upon which we wish to 
orm the summation, from «=a to «=a+b; namely, 


making n Aw=6, we desire to find the limit of 

{ fa+f(a+Az)+.....+f(a+b—Az) Jac 

on the supposition that n is increased, or Az diminished, without 

limit. This process can be performed immediately, if we can find the 

function which has fx for its differential coefficient. Let f,x have the 

diff. co. fx; then, by the preceding theorem, the required limit of the 
summation is : 
fila+d) — fa. 

For instance, so soon as we know that 1 is the differential coeffi- 

r 


cient of log z, we know that log (a+2)—log a is the limit of the 
following series, 


ae Ax Ax Ax 
a * aeae * a+2ae t°**** Geb—ae Pe 


the number of terms being n, Aw being the nth f b, and being 
inoreased without limit. , aig é vas 
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The in the article ARga will now easily show that, y being | diately reduced to }/(a?+2*)"d.(a?+22) or 4 fv"dv, where v means 
the ordi of a curve to the abscissa z, the area contained between | a?+2*. The second form is immediately seen to be integrable. Cases 


the ordinates whose abscisse are a and a +6, the part of the abscissa b, 
~ and the curve,is /yde taken from x=a toz=a+b. Thusif the curve 
be a part of a rectangular hyperbola, whose equation is zy=c, or y= 
<, the area included between the ordinates, whose abscisse are 1 and 


1+k, is [dz fromz=1 toz=1+k. But ¢ log « is the function 
“ F 
whose differential coefficient is ~ ; whence it follows that the pre- 


x 
ceding area is c log (1+%)—c log 1 or c log (1+ &) square units, This 
is the property of the h la from which the logarithms of Napier 
were called i 'HMS. } 
An int is said to be definite, when its limits are given ; and in- 
definite w! are not given. 
INTEGRALS, DEFINITE. [Inrecration, Derrnite.] 
ons ein cereal ee a me hrpeey 
an integral was i present arti to the 
of in’ rat , that is, of finding the primitive function 
has a given ion for its differential coefficient. Having given 
P a function of x required Q so that dg: dz may be P. In the article 
Qvuapratures, Meron or, is given the mode to which we must 
ad wench deer ning fu. In th atic we outing 
methods for ining it fai i we e 
ourselves to what is most in operation, as a sui for the 
advanced student, not an explanation for the learner. agg face 
ing, the problem requires some addition to make it definite. us 
has 2* for a primitive function, and also z*+0, ¢ being any constant 
quantity whatever. In the present article, we shall neglect this con- 
stant , reminding the reader that he must never omit it in 
any If he should find in different books different functions 
_— as the primitives of one and the same function, he will always 


coefficient to the primitive is always an act of memory. 
The algebraical work which occurs is always used either to reduce a 
‘form in which memory will not serve into one in which it will, or else 
to given differential coefficient to two terms, one of which 
can be integrated by memory, and the other of which is more simple 
than the original quantity. 
The functions in which the simple remembrance of the forms of the 
differential calculus is of use are as follo 


ws :— 
atl eda 
Sda=zx, fadv=az, fxXdz= sai JS va =2V«, 


dz 1 dz @ 
SE-B SEs fren 


sing dz= — cosz, fcosadx=sinz, J —~- =tanz 
cos* 
da: 4 ~dx 
ST wits, [Tao = cost, 


P dx 
ae =tan—! x 


To these should be added the following, which may be obtained in 
various ways from the methods of this article, or from peculiar artifices 
which are found in works on the subject. 
dz x -dz 2 
S Fem 3 | 75 i a 
dx 
wee =log {e+ V(et—at)} 
de 1 a+e dx 1 2a 
jf Sma =a 34 log (*2) S =a . 3a bs (=<) 


dz 1 2 dz 1 « 
—— = — tan -— ——- = = —__ 
S sa a a (a2)? a +/(a*-+.r*) 


S airz = M000 J See = 06 on (F - 2) 
J tanz dz= —log cos x cote dr=log sin x, 


Among the peculiar artifices of integration may be reckoned th 
following, which are perhaps nearly all Gibco bo taclid60 


— 
1. The reduction of such a form as /xdzx to anothér f dv, in 
which v ia a different variable. Thus f(a? +2*)"xdx can ba haat: 


of this kind are so various that the student must form the habit of 
looking for them, and ising them at sight. Sometimes a slight 
transformation is required, thus: (1 + ae*)—'dz, when reduced to 
(e—*+a)—1e—*dz clearly shows the form —v—'dv, where v is 
e~* +4. 

2. The reduction of algebraical to trigonometrical functions, and 
the converse. Thus (a?— 2*)"«"dz, if x be made a sin 0, becomes 
@mrntl cos™+16 sin"8dd. Also f (sin 8, cos @) . d0,if <=sin 6, becomes 
S ia, v(l—a*}} . (1—at) Ade, 

3. When rational powers appear in a denominator, they should be 
transferred to the numerator by changing w intol:z, By such a 
transformation, we change 

da ; a™—ldz 
a SO ea 
a™ /(a + bx + cx*) V (az + bz+ 0c) 

4, When an irrational root of a polynomial ap 
rator, it should generally be transferred to the 


~/xdzx should be written xdx: 4/x. 
change 


in the nume- 
ominator: thus, 
By such a transformation, we 


‘ ada dx 
(a? + x2) .dx into Va? +03) ri V(at+ ay 


5, When, by the addition of more simple terms to the numerator, it 
can be made the differential of the prominent function of the denomi- 
nator, such additions, with compensating subtractions, will frequently 
reduce the question of integration to a more simple one. Thus we 


2x | alter 


adic ., 1 2ee+b—d 
Wat be +ex®) ™ 25 Yar be+ ext) 
1 d(a+bx+x*) 6 dx 


Qe V(a+ba+ex*) — Be Vat bae+cx) 
the first term of which can be integrated as in (1), leaving the second 
term, which can be simply in’ a eae 


tegrated. ; 
6. The process known by the name of integration by parts, consists in 
reducing the form xdz into any convenient form vdv, and using the 
obvious theorem 


S{vdv = yu — frdy, 
thus the finding of /vdv is reduced to that of /udv, which it may often 
happen is the more simple of the two. Thus to find /x™ log adc, we 


have a 
Fa log x. v™+1 amt) dx 
JS \0g 2d e m+ m+l x 


about the second term of which there is no difficulty. But it often 
happens that this method ds by a ssion of reductions, 


Thus it gives 
Se*xdx = ae” — 6fe* a'dx 

in which the second term must” be again treated in the same manner; 
and so on, until we arrive at /e* dz. ; 

7. In the last mode of proceeding, it is best to form, in general 
terms, an equation of reduction, as it may be called, which furnishes 
the key to the reduction of each case to the one below it. Thus if 
fern" dx be considered as a function of n, and called vq, integration 
by parts gives 


Va = a—er*—na—ly,_), 


thus showing how to find fe¢*x" dz as soon as fe%*x"—1 dz is known. 

8. The use of the equation of reduction depends upon our being 
able at last to reduce the question to that of finding a visibly known 
integral. Thus, if in the ing n be an integer, we must at last 
come to fe*2°dx, or fe*dx, which is known. But if n werea fraction, 
no reduction of the value of » by units at atime would lead to an 
integrable form. 

9. The integrable form at which we arrive by successive reductions 
is called the ultimate form. It frequently happens however that the 
reductions proceed by two or more steps at a time, in which case two 
or more ultimate forms result. For instance v, =/(a?—a2) —4 adx 
has for its equation of reduction 
az*—! 4/(a2?—2) n—1 
Tete ot tates 


ft 
Accordingly, when m is even, we are brought at last to Vy, and when 
n is odd, to V,, or to sin~'(x : a) and — /(a?—a?), 

_10. In using equations of reduction, it will be found more conve- 
nient to thse upwards ber Bn ultimate form to the case required, 
than in the contrary way. us if we want V,=/e*x'dz, the tio 
of reduction being “i ee 


Va = — 


Va =@"e* —nvy_1, 
we should proceed as follows :— 
Vo=e*, V,=re* —e@* 
Va=a%e* —2(we* — e*)=a%e* —Qret + Der 
V,= ae" —3a%e* + Gxe* —6e* 
V,~ate* dates + 120%" —24vre® +2407, 


_— - — — =. ) oe 
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theorem known by the name of John Bernoulli may be useful. Let 
w’, u", &c. be the successive differential coeflicients of % with respect to 
x, and let »,, v4, %, &c. be the successive integrals of v with respect to 
w#: then 

Sude=tw—we, +0, —w 0+... bully, fut, de, 


This is i useful when w is a rational and integral function, 
and w is successively integrable with ease, as when u is ¢*, sin ax, or cos 
ax, The process can then be continued until the remainder vanishes. 

12. In the poss prct cna aarp thames Ager cae 
integral functions, tegration is always possible so soon as 
roots of ¥r=0 are found. The in Fractions, Drcomposrrion 
or, must be applied. When this is. done, and the function thereby 
reduced to the sum of terms of the form a(#—a)~"dz, the integration 
gives no trouble. 

13. In the case of a pair of ‘irrational roots, a-+-8./ —1, each occur- 
ring once, the sum of the terms which they produce can be reduced to 
the form 


Jax+3)dz : { (ea) +6} 
the integral of which is 


A B+aq aa 
'B log {(e—a)*+ a} na ie tan-t re 


14. When o2dz is a function of powers of any one case of ar+4, it 
can, if irrational, be reduced to a rational function by assum! 
azr+b=v", where mis the least common multiple of all the denomi- 
nators in the exponents. For dr becomes mv™~'dv ; a, and every 
power of ax+b becomes an integer power of v. 

15. The function x" (az +b) * dx can be integrated when either m or 
n is a positive integer: when » is integer, by simple expansion ; when 
m is in , but not n, by making ax+b=v, and substituting. But 
when both m and m are negative integers, let e=1 ; y and after sub- 
stitution, make a+by=w, and substitute for y. 


16. The function grdz :(x* +a") can be easily integrated by de- 
composition of fractions, the denominator never having equal roots. 


The same may be said if we substitute 2" +2ba"a" +a" in the 
denominator. 


"17, Inx*(a+bx*)¢ dx we have an integrable function, whenever 
either of the following is a positive integer :— 


r+1 r+l 
ps ie ge Set 


The substitutions which succeed in the two cases are 
atbze* = v8, and ar =*+b= 05 


a the denominator of ¢. 

18. following transformation involves a large number of obvious 
pe 7 is constantly occurring. If /pxdx=yz, then /o(ar+b)de= 

axr+ : a. -_ 

Thus in no list would /cos(az+b)dz be set down, after fcosx dx 
has been given. 

19, The following integrals are worth giving separately as ultimate 


dz 1 1% 

Us zVe—aty = a Be 
SS zee on dy ieee 
aVete) ~ a ae Veta) 
dz a—2z 2 
Sees =cos7! Tee =vers—! a 


Sz ’ 

Viana) =18 {o+a+ V(2ace + 22) } 
de (200 +b) 

Same =3) aches innit 


which comes under one or another of three previously given forms 
according as b*—4ac is positive, nothing, or negative. 
pe Ss b dix 
S Seo = 9, ns (otle+ cr) - A bs re 


S Tate = slog {2e0+d+-v {doa + be + cx) } 


ff dz Se 2ea—b 
Va+b2=cr) ~ Ve W (dae +B) 


\ ver dz = sr vare + = log (2 + Va? + <*) 


1 a x 
S v2 dx = 37 Vei—e + oF sin— re 
Let x=(a+bz+ex"), Then 


2exr+b 4ac—b dz 
S vx.de= Saar 3. 9A2 -3 va 


JS vx.2de= ee J vs.de 


ade x b S3 
SHA ET HR 
dx 1 | 2a+br—2/(ax 
a+ ee Se 
q 1 sin ba+2a . 
V/—4 av (@—4ac) 


dz 1 b+a cos w 
. tt fre = Ve?) CO a+b cone 


b+a cos z+ Vee s}, 


a+b cosa 


4 =a 1 


finite form : i ay ee Ee to give a list of all 
times useful. The ‘ormation of unknown to known forms is one 
of the most necessary studies of the young mathematician, , 
21. Let Van,n=/(log z)"2* dz, Then % 
antl m 

Vm a= (log 2)" had ~ wa Yee “7 

22. Let p stand for av® + Bx, (m, n) for fempdz, g and h for 
ri tna kad +i tbs, and PRS We hall then have & 4 

1(m, n) + noa(m+ a, n—1)=a%+) pr 

glm, n) =ncB(m +b, n—1)= a+! p» 

ga(m, n) +(h—c)B(m—c, n)=e%—*+1 pat} 
hx(m, n) + (g+c)a(m+e, n)= a+) pat 


from the first pair of which formule of reduction can be found 
be it positive or negative, and for m from the nen 


a, 
aah SERRE HOON: SEB SMR-£9 PRN F DSP Site # 
a=0,b= \ 

23, Let va=/(z*e*)-"de, Then 


alattaty--) n—8 
va= £~ "Gna? + @n—d)a? Y- 
. 24, Let vp =/(@ba*)"dz, Then 
ee 
Ae hex ty ee tee ' 


25. Let ¥a=f(a®—22) de 2_2t)"dz, The tions of 
reduction are Rib in (23) tad toe ee) and in’ (24), and 
writing a?—2* for 2*--a*, ie 

26, Let Vinn =/x™(a?+2)—"dex, Then : 

— ot 1 
Van= + 9-1) @kep + 


m—1 


2(n—1) Yee 
amt 1 m+8—2n 
Van = Sin—lat (ey ~ 2(a—Ija? Yet 
Famed nh ey a 


Var= t pina Le F mel—an Oem 

27, Let Va =/e™(a?ta%)-1, Then 
w(at+a%t _ m—1 

van FS 


28. Rattont oe giving « Thege Siuciber ot Sle Poe 
rivable from (22), it will be better to give an instance of the derivation 
in full. Let the case be fz-"(2av—.2")"dw, and let the formulabe 
required to reduce both m and n in numerical magnitude, Here,to 
transform the formul in (22), - 

For m write —m; retain n. 

For a write 2a ; for B, —1, 

For a write 1; for b, 2. 

For g, —m+1+n; forh, ~m+1+42n, 

For ¢ write —1, ‘ 


‘The first formula connects (—m, n) and (—m—1, n—1), tHe second r- 
(—m, n) and (~m—2,n—1); the third (—m,m) and (—m—I,n); 
the fourth (—m,n) and (—m-+1,n). Byeither of the firsttwowe'can 
therefore reduce both ; by either of the last two we can reduce m only, — 


Observe that whenever a formula will sérve to raise either exponent 
it will also serve to reduce it, Thus, if a formula were re d 


Vn = H(m, @)+YM. Vint ea 


OVn—2, 


’ 
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write m—1 for m and we have, by transformation, 
¢(m—1, x) 1 
Va=— “Yon—1) m—I1) Vn=—t 


The two first formule become (P being 2az—z*) 
(Qn—m+1) (—m, n) —2an (—m—1y n— 1) amt) pe 
(n—m'+1) (—m,n) =n (—m—2, #1) =2-" +1 po 


- from which, writing Vn,» for (—m, n) or faze" dx, we have 


1 (2ax—22)", 


Va,n = + Fee Vee 


n 
et Ft gomal “ 


If it were required to reduce n in the preceding without altering m, 
throw the ae, a-™(2ar—z°)*, into the form 2*-"(2a—z)" and 
use ule. 


which space is of importance. 
and ¢ stand for sin @ and cos @ The integral /a"c"d0, m 
positive integers, can be immediately found if s"c™ be 
m of terms of the form a cos k@ or a sin k0. But 
this process is laborious, except when a simple rule is mastered which 
seldom in works on trigonometry, and is seldom used except 
when there is some particular reason for exhibiting the result in the 
form of simple sines and cosines. ; 

81. The following equations of reduction are those which are most 

used : 


[rou= sil at t s™o"—2 
sett} = m1 
=~ men m+n J sea 
edo eo n—1 co de 
a” — (m—1)s— — m—1 f sm? 
a" dé get m—1 a™— de 
“oe = Get ~ ai J oF 
dé 1 m+n—2 dé 
Sea ~ @—Detot + “pai amor? 
1 m+n—2 dé 
= @—-lpeiet + “pi mo 
endo el n—1 cr dd 
te = (—m)s"— + im s”™ 
ont m—mt2 seordo 
=~ (aI ~ m1 ye 
a" do gut m—1 m2 19 
Ja Geta! s 
gmt! m—n+2 a" dd 
= (a1) ~ “n=l oF 
tan*— 9 
- Stax ao= ae — f tano-20 ae 


$2. We have given the last in various forms, because in fact 
all the integrals of the form /x™(a?—a*)"dx de upon them. 
For if c=asin 6, the last i becomes a” + 2+ } sim ™@ cost + | odd. 


or difference of two functions of the first form, by putting for cos bx 
or sin bz their exponential values. = Jk : : 
The question of the possibility of integration in finite terms can 
 eiten be settled by the following theorem :—Integration and dif- 
ferentiation, with respect to different variables, are convertible 
operations; thus ; 
dfud» 


du 
dy - [Ge 


If therefore fudz can be found, so also can /(du : dy)dx, if y be not 
a function of z, From this it will be seen that whenever ove“ dx can 
be integrated so can gare" x" dx, which is obtained by wdifferentiations 
with respect to a; and also that whenever pz .«"dx can be integrated, 
so can oxx" (log x)™dz, which is obtained by w differentiations with 


respect. ton, - ¥ ' 

ctions involving the transcendental forms sin —' px, &e., can 
sometimes be reduced to more algebraical forms by integration by 
parts. Thus, 


"fvdx 
Jv sin x «dessin x -fvde - f Js 
Sv og xde=log x, fvde - fF a, te, 


in which x’ means dx : dz. 

INTEGRATION DEFINITE. In the preceding article we have 
given some idea of the usual modes of integration. The results, 
which in the present article are given under the name of definite integrals, 
are mostly cases in which it is possible to find an integral when both 
limits are given Vintage es CaLcunus]; but not possible Be a the 
in in all cases, we can integrate prdx generally, | , if we 
ay the function 9,2, of which pz is the differential coefficient, 
we can always express the integral, the limit of the summation in the 
article just referred to, as follows :— 


S* pedx=9b— 9,0 


but it frequently happens that ¢z is a function for which this cannot 
be done ina finite form, except for certain values of a and $6. And it 
happens almost as frequently that these practical values are of 
particular im, nce, ‘ 

But the view of definite integrals which best shows their utility is 
the consideration of them as fundamental modes of expression. The 
ordinary symbols of algebra, it is well known, are incompetent to 
express in finite terms by far the greater number of integrals. Con- 
sequently the integrals themselves become modes of expression, and 
frequently the only ones. When we find a language with which we 
have reste to do, and which has words which cannot be translated, we 
adopt the words of that language into our own. Precisely the same 
thing is done in the ¢ase of definite integrals. Thus, in Facrortats, 
we adopt the integral #) of 72" da, as the fundamental mode uf expres- 
sion for a function till then inexpressible, which becomes] 2.8...” 
whenever » is an integer, and remains intelligible, though not very 
easily found, when x is a fraction. 

Further to illustrate this, let us suppose that the integral calculus 
had made some progress before the conception of a logarithm had been 
formed: a thing which might easily have happened. It would then 
have been found that /z—!dz was wholly unattainable, a function which 
algebra could not express in finite terms. It would therefore itself 
have become a mode of expression, and it would soon have been 


t 
proved thai ae hes 
bxthne 
Here then would have been an obvious indication of the existence of a 
function proper to be made use of in performing multiplication by 
means of addition, &c. ; and tables of the values of dia a dz would have 
been formed by the method of quadratures [QUADRATURES,] or other- 
wise; which would, so it happens, have been a much easier task than 
that which fell on the first calculators of logarithms. For all this 
however it happens that we are prepared by knowing logarithms and 
=1 

their properties; so that, /z-! daz is seen to be log. #+0, and /- dzto 
be log. a: the logarithms throughout this article being Naperian. 
But we are not equally ready for fe dt, nor for fe vrde (except 


when » is integer) nor for J cos ade: and accordingly we are obliged 
to study the properties of these functions as fundamental modes of 
ex! on. 


‘0 give some idea of the use of this view, we exhibi a mode of 
solving the following partial differential equation, 


ab da 
1 2 


du Pu 
a? dav 


the general solution of which cannot be expressed in finite terms, It 


_ 7 i ——————E—— Oa > 
* 7 eal Reta Sad 


* Lo) See 
— eh 


- 
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Will easily be seen that ce«!+»* is a solution for any value of cand », 
provided only that «=a»*: and also that the sum of any number 
of such terms isa solution. Hence we assume an indefinite number 
of such terms. giving to c the form ¢v.dv, and summing them with 
such values of » as will make the whole represent 


Shor esto dy: 


and we then see that this in is a solution or general value of u, 

¢» may be, and whatever may be the values of 

Fedneaion “ehhh Se tendered say, by ‘ekas of the 
mentioned, this solution is thrown into the form 


u= {5 y (2+ 2vVat) “de, 


may be the symbol of any function. From this it is clear 
pb differential equation has numberless solutions which 
symbols are incapable of a se in finite terms. The 
in the Library of Useful wh on the Differential 
"s — les of the Differential Calculus,’ and the 
ournal,’ and its successor, contain various 
f this mode of expression applied to differential equations. 
ive a selection the enormous number of 
definite integrals which has been given. They have been found by 
detached methods, so that we could not attempt to neg dor ome 
than the results. Our article is intended for reference £0 the forms 


i 
i 


He 


3 
qf 
He 
anf 


vy 

broken, or. Gapped. Jeers, ks om, eels os. Arne ae 
ered wining of the limits is of the utmost importance, we shall 
print what is usually denoted by /~ gd in the following way, 
Lozde (a, 0} Any conditions as to the values of constants will be 
expressed before the integral. It need hardly be said that the article 

FacTonias mut be considered apart of © present one. 
~oly Rte an clearly depend on, or are connected with, 

jnueet ice allo’ . 


(msi<e [fs [0,.00 j= TmeED 5 


1 —m~1 
insi<n) fos [0, » }= Tr (m+ Da m—1) 
(in and n positive) /2=—1(1—ax)*1dz [0, 1] = inn 
11 — 2) Tm. Tn 
¥ (e+a)"** dx (0,1) = a" (1 +a)" T (m+n) 


(n positive) /(—log xy—"'dx (0, 1]=In 
(m and n positive) /2"— (—log x)" dx [0, 1]=m-*Tn 
(a and n positive) /a*—! «= dz [0, © J=a—"Tn 
1 


(n positive) /em** da [0, o2] = t Ps 


Setdx[0, @] = avn. 


Tables of the value of (2:/z) og «dx [0, a], which are of great 


importance in the theory of probabilities, are given in modern works 
on that subject. The following expression by means of a continued 
fraction is useful. Let g=1: 2a%, then 


—# 1g & & 4% 
Sede {a,2)=* 2a 1+ ena ee ete 


= d log F (1 
w>—1) f= dz (0, 1]=7 + fig FO te), 


7 being as in Factortats. 
One of Euler's integrals, generally called the second Eulerian 
integral, the factorial integral being the frst, he denoted by the symbol 


(= ); it is fet (1-2*)f de (0, 1), 


Aha nye 5 those already 
a class of multiple pera dcidpcs closely connected with earns 
which may be made to save much trouble i io ions to geomet 
shall take three variables as a 5 t the same form 
y be written with any number. e triple integration being made 
for all eee values which give «+y+< not exceeding J, we have 
(4, b, ¢, positive) ~ 
Ta.Th.Te 


fertile dvigls r(a+b+e41) 
fryer’ [ery +s) dndyds 


Jattte 


i 


from these come 


Pbsemt tae pe 
involve a great 
the last thi 


a<b 


seems to be, as far as 
(0,27) divided by 20, 


I (a+b+e) Sar Ste} fede (0, t) 
Similarly, the condition being that 


shall not exceed J, we have © 


SPINY A Ta 


p*ghcr ara ré 


pyr rests) +é 
be ie rt ry oe of the results of fi ° 
Yavol ical quantities. May ep Berne 


thie clan ie following :— 


according as is positive or negative a 
(a poo) fe (,.0)= fa ele fee : 
[<-* sin bade [0, a ]=b : (a? +04): 

JS cos badx [0, © ]=0, f sin badx [0, © J=1; pee 


fiat Src a come two equations which have been much used, long 27 
before they were openly expressed, ‘le 


When 6 and ace tees 
JS cos bar, a! dz [0, 06 J= 
Se sin bee . 2° dex [0, 0 J= 


Joos a” andar (0, 0] = = = 1(=**) os (—- 


‘sin a” ,2*dx [0,0] = — + (2 


But when a=2mb-Ec, m being an integer, the peseviing integral ie 


This is a specimen of a sort of discontinuity which very 
occurs, and from not Tocris Nepasetee ‘one 

If we call 4(e* + €—*) and 4 (e-¢ the heretic cosine aod 
of x, and denote them by h. SS sin «, we have, the lim 
being 0 and o , Per fenton hgsig 


sin cxda 1 ¢ +1 1 
guy (ej= fei - 


The integral dn JG" (0,0) is the nth number of Bernoulli 


[Numpers or corer ra meaning that opposite to which 2n—1 is 
written in the article cited, § 


in form, by the angle « becoming i rope represented 7 


Ta.1Tb.Te 


(5)'+ (8) + Ge) 


se" fete 0, 


JS sin be dx [0, o]= + ie 
aneeliie: 


—™ cos badz (0, 0 ]=a: (a*+5*) 


sino = 0,coso = 0, i? 


of exists about these equations, w 
ol vas hes boon dove by Senet” Sl 


Tm. esis eenes a 
(at404)3 
Tn. sin {n tan- )b: a)} 


(@+0)r 


m+t) sin Ct P. ! 


sinax dx Ca cl oe 
ain be 1p (OJ = + 


we +e-* —2e-* 
2 coe 


“ 
* 


* 


st gl 


* With regard to these equations, it must be observed that they are not t 
have thetr siguislot] gumneqasnes } S500 Meta iere cy ven - The | “J 


yet appears, that function 9 


= 
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specimens uction of definite integrals, the integrals Secondly, Fourier’s theorem, as it is usually called, by which a dis- 
ne spree 22) : ee : eee function can be expressed. This theorem is as follows :— 
——*2t? cos art dt et? sin azt 
ieee led Tre ——*10, ) ge = = [feos w (e—v). ov. dude, 
ae ii re from v>=—e to r= +, and from w=0 tow=eo, Or thus, the 
ee fou feva Gases Doe) equation ao ; be 
ten fei tete,0}} er Nahata 
= : eer eee chr oes 
2 k is diminished without limit positively. But if, instead of the limi 
the first having +, the second—. Also —o and +o, for v, we write a and b, a being less than 4, then 
a7? dt 


a [0, oj=Vr.e% [eH dt[a, 0}. 
The following is fundamentally important, ; 


Jf coe 008 bai (0, 22] = hee 
The integral /—& [0,a] has been tabulated [Diff, Cale.,L. U.K. 
? ey KR, 
x 
662 Soldner, and a great many integrals may be found from it. 
fue to call it the y, i of a, and to denote it 


Logarithm-integral 
by the abbreviation li. a. Adopting this notation, we have then, both 
in definite and indefinite forms, 


amdae _1. 4-1 etede _y ts 
Gee li, 2* / = € 


z 
dx 1 ae 2 
Sa aay (a+be) fe de=li. ¢ 
and 60 on. 
Of miscellaneous integrals there is an immense number, of which we 
give a few instances :— - 
(L—w™) (1-2) dv loo F (Lim (1+n) 
(1—») log v (0, 1]=log Tr (l+m+n) 
“3 a tan «dz 4 € 
(a'pos) [=== (0, 0]= 


(a pos) fe sin be. a-tdz [0,00 }=tan } (b: a) 


[oe ae (0,0]= 1 og 2+ 


a? +02 


if neither a nor a be negative. 
‘fc dz [0, ©]= trem 
[0, x]=— log (1 +a) or 7 log (44) 
a a a 


according as a is less or greater than unity. 

Among the means of producing or using definite integrals which are 
comprehensive enough to deserve the name of methods, there are four 
which particularly deserve the attention of elementary writers, 

The first is Laplace’s mode of finding the approximate value of a 
definite integral in which large constant ts occur. Let or bea 
function of z, such as e~*z" or 2” (1—z)™, &c., in which n, m, &c., are 
considerable exponents. Let this function vanish when x=a and x=b, 
aud, continuing positive and finité throughout the interval, let it come 
to its maximum y, when =x. Let v, mean the value of the second 
differential coefficient of log gx, when «=x, and assume pr=yYe-", 


OT ectenry (2) frame 


i that the limiting values of ¢ on the second side are those 
which, in the equation of ¢r=ye-®, belong to the limiting values of 
taken on the first side. The best approximating cases are as follows :— 
First, when @ and } are the limiting values of x, in which case —co 
and + © are those of t, and the result is 


S pede (a,bJ=¥ Vy (- =). aie. 


Secondly, when the limiting values of x are x + ¢,t being small. In 
this case 


S wade (et t\=1y (- =) aferalfoey(- *)] 


This method is found, by itself, almost sufficient to meet the wants 
of the more complicated problems in the theory of probabilities, 
q ARTS AND SOI, DIV, VOL. Tv, 


Lf fos we — 9). pda 


is a discontinuous function, as follows :—From a=—o to z=a exclu- 
sive, it is nothing; when 2 =a, it is 4ga; from e=a to x=b both 
exclusive, it is pz; when «=, it is 49) ; and from c=b to z==—@ it is 

Thirdly, the following methods of expanding a function in series of 
sines and cosines has been extensively used by Lagrange, Poisson, and 


Fourier. We give it in the most general form after the manner of 
Poisson. Let 


mx Qra 
Gx = Ao + Ay CoB | + A, 008 FT + ote 


then, for every value of « from «=0 to x=1, both inclusive, this 
equation is true if 
1 2 mr 
so= 7 f Gedo (0,0, an = 7.f 008 gude0, 1) 
Again, the equation 
, wa ,. 2ee 
oe = B,sinj + B,sin—]— +.... 
is true from 7=0 to x=1, both exclusive, if 
2 mau 
aa Tf sin pedo, 1 
Further, the equation 


$2 = by + A, 0087 4. 4, ogg “A see 


, we ,. 2xx 
+ B, sin | + By Sin FT + «eee 


is true for all values of z from z=0 to x=, both exclusive (becoming 
4ol when x=), if 


=H SJ orael, 0, an = 7 co8 gede0, 7) 


a. 5 f sin gede0, 0. 


But write 2/ instead of I, in the limits only, or write [9 2] instead of 
0, Uj, and the equation becomes true for all values of # from 0 to 21, 
th inclusive, 

Fourthly, we shall give two cases of the method deduced by Cauchy, 
as specimens: the complete method itself has some difficulties which 
are not yet overcome. 

First, let oz be such a function of x that o(¢+y/—1) vanishes 
when «=— © or + ©, whatever y may be, and when y equals 0, 
whatever x may be. For every root of the form a+6./—1 (a being 
either positive or negative, and ) being positive, but both finite) which 
makes pz infinite, let (c—a—b»/ —1)x be finite; calculate the value 
of this last product for each root. For every real root a, of ¢r=0 
(z= 0 not being one) ‘calculate half the value of (c-a) oz. Let the 
sum of all these values and half values be rp. Then 


Soadz{—co, +0 ]=2nV/—1.?. 


Secondly, let @z be such a function that ¢(7+y+/—1) vanishes 
when z= +0 or — independently of y, and when y= +0 or —o 
parte ga of z Take the imaginary roots only which make ox 
infinite, and let (c —a —b»/ —1)px be always finite when a+b/—1 is 
one of those roots, and s=a+bV—1. + the sum of all the values 
of the last product, for the cases in which is positive, be P; and for 
the cases in which } is negative let it be q. Then 


Soxdz[—o , +0 J=r/—1. (p—Q). 


The subject of definite integrals is one in which the difficulties 
which have always appeared at the boundaries of mathematical know- 
ledge are constantly met with, The consequence is, considerable 
difference of opinion about many points. On these, the student wko 
desires to use the higher parts of analysis must hope to form his 
opinion independently, when his reading and reflection are sufficient 
for the purpose, Most of these difficulties belong, in principle, to that 

3.N 
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which accompanies the use of divergent series, which is the most 

im: pray are e uestion now under discussion. If we were 

to jude of the future by the ee adlonss we should prophesy that divergent 
would one day 


stood objects of pea ae nay negative qi 
imaginary quantities and their exponentials, infinitely small quantities 
with their different orders, discontinuous solutions of tial 

uations, &c., have successively done, each under a fire of objections 

ich has well served the Maggy og med nny 
sieeuean which ‘it has eget It is fortunate for ana- 
lysis that so many of those who find difficulties the entire 
rejection of the symbols or methods in which the di : 


culties EXAMPLE : 148427 +644125+.... +n 

the proposition. those who are any rejection to First diff. 7 19 #37 ~61 ones : 
which they perhaps would not make, if they had only to meet the Second diff. 12 48 24 oan 4 
doubts of allies, instead of the attacks of opponents. That the sym- }. Third diff, 6 6 ' goles \ _ 
bolic ao onareaget of which - mp ever vanish ee Fourth diff. o oO ph Ze - e 
remem ice, we may confidently a @ points 0 — oe : 

ony ‘of which we ey spoken, jt may be said, in the words of Hasé=t,. S8 ora Bee Bydteles $ 3 

‘orace— : ; re, 

; «* Naturam expelias fured, tamen usque recurret ;'? and the sum required is \ “a 


will come, and will demand explanation until they get it. e 
ef er by numbers, as Fontenelle said the ayuital ef ip 
done. it'is to be hoped ani expeatddl ‘that "ao no difficulty will be 
completely resolved, without the appearance of a successor, to excite 
new efforts, and be the stimulating cause of further We 
should be sorry to think we had arrived at the “last impossibilities * 
of mathematics.” A very valuable accession to the literature of 
Gednite iategials aun Bons ‘recently made by Mr. Bierens de Haan, who 
has filled the fourth volume of the ‘ Transactions of the Royal Academy 
of Sciences of Amsterdam’ with a list of definite integrals, with their 
values, and. references to the authors who haye given them. The list 

ies 550 quarto pages. 

“INT EGRATION, FINITE. By this term is meant the summation 
of any number of terms of a series which follows a regular law; and 
just as INTEGRATION was reduced in a preceding article to the deter- 
mination of a function from its differential coefficient, so finite inte- 
gration or summation may be reduced to the determination ofa function 
from its difference. (D1Frrerence.] 

, let there be a function of 2, px, and let x successively become 
2+Az, 24242 up to x+(n—1)Az, so that n different values 
are given to x. It is required to sum the series 


or + oct 2) + 9(z+2A2)+...+0(e+n—1A2) 
Let z=vAz, and let ¢(vAz) be called y. The the series becomes 
Word (v4+1) +(e +2)+.. .e+V(v+n—1) 


‘This sum is a function of n, and such, that if n be into 
nm+1, one more term ¥(v+) will be added: co nently it must be 
the function which has ¥(v +7) for its aiference I then, we denote 
the preceding sum by 24(v +7), we find 


4 {29(v+a) }=¥(e+n) 


st eeeee 


or A and = 
Reinark that the symbol 2 
terms up to 


tions which are inverse to one another. 
Za does not denote the sum of a number of 
) a inclusive, but up to a exclusive: thus 


14+24+3+.....4(n—1) is Sn 
14+243+,..,.+(n— =i} Fe is 2041) 


procnies Ive Fo reference to the term with which we begin: 
-+nand 1+2+4+3+4+5+.....+m are equally denoted 

3(n +1). “This symbol is therefore indefinite, but it will found 

ye process by which it is to be determined gives an indefinite 


Sup pose, for instance, we have ascertained that 4 (n®+m) is the 
pas whose difference is (n+1), which will be A » be the 


case; or 
4 {(+1)*+(n+1)} -p {rtm} =n41. 


It is equally true that 4 (n? +n) +0 has n+1 for its difference, where 
emay be anything whatever, provided that it do not change when a 
changes. Hence 

3 (n+1) =) (+n) +0; 
but a being any whole hycaber fam than n, 3 (n +1) may stand for @ + 
(a+1) + +n, uently c in the one must be taken in a 
manner corresponding we n the other. If m were equal to a, the 
series would be reduced to one term a,and § (n® +n) +0 would become 


4 (a@*°+a)+ 0c, Determine o so that these shall be 
iw ses 80 eae equal; we have 


a= Atha didhy —4 (a®—a) 
G+(@+1) +.... + n=} (n?4+n) — §(a@?—a). 


* These are the words of Mr. A, ¥. Vogel, of Leipsic, who published in this 
country a tract on the resolution of all kinds of equations, printed at Leipsic in 
his own English, 


qelcnied Reesapices well under |e 


The inverse tapers eth pl dilenseg op Sk of finite ation 
aetee secn the peers asthe “aH but so far as 
eg ea nimple Soin is opporna, the following 


| eas the tock ceciniel a Saale OE a, 4, Oe 
ae meeeaeirs fi tectiees Ok Sree og ty vais i 


after a certain point in abe, 
Then the sum of the » terms 
ees 


nts ee he > ie ae v7 


It be t to redhiction ef the ; 

the coos hare al afver as cad differences veaish, 

the third. Let a’, a”, a’”, &e., be the differences of @; 
Ww = 0, &e., the sum is one-sixth o: of 


a” + (a ~a") Bn? + (6a—S8a’ + 2a")n. 


When a’’=0, a’ =0, &e., the sum is one twenty-fou fourth of \ 
ll oth Billa thai 


oe 


in 
for 
0,’ 


oe th BBR 
Ce WO 4 
wet ¢ MEQRE So 


af city 
gees ibe! — 6a” 
2. Let there be a pum! of 
sion, a7 4, 44, 5, hy 
a number of terms from the 
the second, and so on, as in 


3.4.5 + 4.5.6 + 5.6.7 + ,.+5, + 1213.14 


a 
eo ee cocon, putea Wdtlonal sche 6b Hs Say 
te term ; 
latter t tome we orn, and Mo et = 
successive one more ‘ 
te Thi of the preceding is 12.1) pb ina 
rn iat ine tole 


12423 434+ 45+ 56 6 igi _ 


is 5.6.7 — 0.1.2 divided by 1 taken 8 times; or 703 a8 We 
verified. Also d ¥ oe, be 


i 


1,3 + 3.5 + 5.7 + 7.9 ar 


is 7.9.11 —( — 1) 1.8 divided by 2 taken $ times; orll6. \ 
8. Let the series consist of reciprocals of tree e roma 


sue * bet ise Tm 


wee pet 
me Ta.1q ‘ivided by 1 taken twice 


. oor 4 1 
Similarly 73 + 35 +e tH 


3 ’ : 
or 7, a8 may easily be verified, 


bet jaa hake (intellectus), that which percei ros. ap 
compre ending all the cognitive pore, of my rasa 

tion to the active powers or the will. “The internal and j 
acts of the reasonable soul (besides those of common sense, eer 
memory, passion and appetite, Lepr to man and pyre ; 
are intellect and will, and the proper acts ot tele 
deliberation, and determination, ee ecision.” 
kind.’) In the paig ae 9 philosophy the ‘etook “Aasty pric 
on the tasms, ani BF a8 us wl 
is one, iat i in thin perae 42 sieeilas aunt the anes (7d 8 
tovro & vous } home sh Braue this it attains to a new k 


tions (ef), more those of H ch 
hase gunarel’ Saeal wl te ft ada a 6 


» terms of the order would n 
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multitu ej mappentes yy pooh tram and ice. On the other 
hand it is the source of those primary principles on which all science 
rests, as conversant universal and demonstrable truth. 

For intellect Mr. St prefers the vernacular term understanding, 
which he employs in the same extensive signification. But the critical 
philosophy of Kant distinguishes the intellect into two faculties, under- 
standing and reason. The understanding acting on experience merely 

8, judges, and measures its representations, and is conversant 
ly with their muttal limits and relations, classifying them accord- 
ing to certain schemes of its own which are called categories. While 


however the ng is thus limited, the activity of the reason 
is unbounded, and, as the principle of principles, it is the base and the 
verification of every principle and reasoning. 

Intellectualism, or philosophy, as opposed to sensualism, 
is a particular th in philosophy, according to which the intellect 
or thought is the source of true knowledge, whereas the evidence 


of sense is but a cheat and delusion. The Eleatw were the most dis- 
dished adherents g ee dais ir beet tek tr ten Hor. 
tes whatever principle or on its origin in the 
tanding or reason, a8 opposed to sensuous or empirical khow- 
ledge, whose source is ion, As con ed from seti- 
ibles, the objects of cognition are deno intelligibles 


2 

INTERDICT Ustericton in ‘ee li) THe general dis- 
ion between the Roman : ic ‘Een seems clearly 
e Tere The in a few ren on passage in Gaius 
1 » where writer treats of the interdict. The wotds of 
aius, Which form the grouridwork of the following remarks of Savigny, 
are : “ Certis ex caussis Pretor aut Proconsul principaliter auctoritatem 
suam finiendis controversiis proponit” (or preponit, as Haubold reads, 
after Maffei); and his remarks have reference to the supposed difficulty 
of the word principaliter, and to a certain proposed emendation 

eee ee 
general distinction between the actio and the interdictum is 
this: in the actio the pr&tor does nothing, but only allows a judex, 
whose duty it is to inquire and decide. Wien the judex bas decided, 
ral be considered as at an end, and if the 
pretor is again oni t6 act in the cause, such must be viewed as 
an accidental thing. This appears from the terms of the pretor’s 
order in matters which belong to the actio: he does not command or 
forbid a thing to be done, but he - “judicium dabo.” With the 
interdictum it is just the reverse. Here also judices or recwperatores 
may be required when thie facts are in dispute; but as a general rule 
in matters to which the interdict applies, the case is such that the 
r’s order cari immediately terminate the question. The pretor 
accordingly does not say “judicium dabo,” but he uses the ordering 
Words “ restituas, exhibeas, vim fieri veto,” &c.; and this could not be 
better expressed, as Savigny remarks, than by the words “ principaliter,” 
&é.; the meaning of which, as Haubold observes, can hardly be any- 
eee te Deere om poeeee a once gives a 
verso peat Mat ich the dispute, at least for the present, is 


to Gaius, the general description of the intetdictum is 
to bé done, or forbade something being 
done. The fornis of the orders used on such occasions were called by 
the general name of interdicta. When the order was to produce 
something (exhibere), or restore a thing (testituere), the interdicta 
were called Decreta. The term Interdictum was used when the order 
forbade a certain thing being done—as disturbing a man who was in 
possession, sine vitio ; preventitig any trespass on sacred , &e. 
The general process seems to have been by a kind of bill or petition 
in which the plaintiff stated his grievance and 
for redress, is, for the interdiectum. The defetidant also 
his case, probably by way of reply to that of the plaintiff. If 
was clear on the the tiff, he obtaitied the interdict. 
e defendant tted the fatttiers statement of his casé, or 
t) he submitted to its terms, the 


the matter may in 


i 


i 


i iff full satisfaction, and had 
complied with the terms of the interdict, the intiff made his 
HHeation to the pretor to refer the matter to judices or recuperatores, 
ies complainant and defendant went before 

the j or arbiter w 


became the usual process of the actio. The parties produced their 
Witnesses and proofs, and the judex or arbiter decided w them. 
The terms of the interdict, in case it was prohibitory, were the formal 
words of the edict which determined in what cases such relief could 
bé given (certis ex caussis), only so far varied as to apply to the parties 
who were in dispute. In the restitutory and exhibitory interdict, the 
ily vary according to circumstances. 


If the matter came before a judez, the only question as to the pro- 
hibitory interdict which he had to settle was, whether the def t 
had, by his acts, brought himself within the pretor’s interdict. If he 


interdict must be enforced against -him; if not, it must be 
dissolved.’ In thé case of the restitutory and exhibitory interdict 
coming before the fudex or arbiter, the matters for inquiry would be— 


whether the defendant had, by his acts, given good ground for the 
interdict; whether he had satisfied the terms of thé interdict; what 
damages the defendant should pay to the plaintiff, in case he had not 
satisfied the terms of the interdict, or had ouly satisfied’ them imper- 
. If no sponsio (deposit’of money by the parties abiding by the 
restilt of the inquiry) had beéh entered into, and consequently the 
matter had come before an artiter, all these three points had to be 
determined, and the dathages were at the discretion of the arbiter s in 
casé there was a sponsio (which in the prohibitory interdict was 
necessary, but in the other interdicts not absolutely necessary), the 
judices of recw had to determine only the first two points. 
(Ciéero; ‘Pro Cecina, 8.) In fact; when the matter came before a 
judex or arbiter the interdict process did not differ from that of. the 
ordinary actio, as appears from Cicero’s oration ‘ Pro Cxcina,’ in which 
the plaintiff Cecina had obtained the preetor’s interdict ‘ Unde Tu,’ &c., 
against the defendant A®butius, aid the matter had been referred 
to recuperatores. The defence of Abutius before the recuperatores 
was, that he had obeyed the interdict and had restored the plaintiff 
to the same place from which he had ejected him. The defendant 
had fiot in fact done this; but it appears to have been sometimes the 
formal way of raising the question, whether the act complained of 
had been committed. If it was not committed, the defendant had in 
substance obeyed the intetdict, that is, had not acted contrary to it. 
Mr. Spence, in his work on the ‘ Equitable Jurisdiction of the Court of 
Chancery,’ has given a short account of this branch of the Roman law 
pod rpsrcensy and in that part of his book where the history of the rise 
and progress of the English chancellor's jurisdiction by injunction 
is discussed (vol. i, ch. xxii.), he maintains that the Roman juris- 
prudence afforded a model from which a system thight be constructed 
that should supply the desired means for protecting property against 
actual or prospective dangers. But as he shows, the application of the 
Poor thus introduced was extended much beyond the limits of the 
process, and the clerical chancellors and their lay successors 


gradually made great improvements in the method of carrying out the 
they had thus introduced. 


The authorities for what is above stated are: Haubold, Veber die 
— _— Interdicten in den terre ted str AL pockihe. 

Wigny, C., Nachtrdgliche Bemerkunyen, in the Zeitschr, gesc 3 
liche Rechtswissenschaft, 3er band, Yor the application of the interdict 
to the case of possession, Savigny, Das, Recht des Besitzes, translated 
into English by Sir Erskine Perry (book iv.), should be consulted, 
and his remarks on the case of Cwcina, And in Niebuhr'’s History 
Rome, English translation, edit. 1851, vol. ii, p 130, the reader wi 
find a very able sketch of this intricate and obscure part of Romah 
legal hi . The valuable work of Brissonius, De lormudlis, lib. v., 
ec. 154, contains a collection of passdges which refer to the functions of 
the judex in the interdict process; and for the actual text of the 
Roman law on this subject the reader is referred to the Commentaries 
of Gaius, iv., $188; Justinian’s Institutes, book iv., title 15, §170; 
and Digest, book xliii, [Insuncrion.] 

INTERDICT, in the law of Scotland, is a proceeding in the nature 
of an injunction ftom a court of equity in England. It isa prohibitory 
order, forbidding some act from being done, and it is obtained on the 

plication of the party who would be injured by the perio of 
the act. It may be issued by the Court of Session, or by the Sheriff's 
Court. Interdicts also occupy in the law of Scotland a place analogous 
to thé writ of prohibition in England. They are frequently obtained 
for preventing itiférior courts, or courts of limited operation, from 
exceeditig their jurisdiction. To this end the form has been frequently 
adopted in the disputes between different parties in the Church of 
Scotland. In pressing matters, interitn interdict is awarded before the 
parties ate heard, but in the general case intimation is given to the 
other party, bo gives in answers, and the matter proceeds as an 

li 


tigation. 

INTERDICT, ECCLESIASTICAL, 4 mode of censure employed 
at times by the Roman Catholic church, by which, in consequence of 
some offence alleged to have been committed be the people or rulers 
of a town or country, the pope forbade by a bull the performance of 
any kind of church rites within the same; the church-service was 
suspended, the sacraments were not administered, and the funeral 
service was not read, The use of interdicts appears to have originated 
With the bishops of the 9th century. Hiné¢mar, bishop of Laon in 
France, laid a parish of his diocese under an interdict in the year 870. 
(Moreri’s ‘ Dictiotiaty, art. ‘Interdict.’) In the middle ages this mea- 
sure was often resorted tu by the popes in consequence of some serious 
dispute with the sovereigns of particular countries, and it had the 
éeffect of throwing whole kingdoms into consternation, and even into a 
state of rebellion, by which the refractory sovereigns were Obliged to 
ste for pardon from the pontiff, Gregory VIL. and Innocent III. 
made free use of the interdict. Adrian IV. laid Rome itself under an 
interdict for the purpose of driving away Arnaldo da Brescia and his 
followers. Some popes mitigated the bg of the interdict out of 
regatd to the spiritual wants of the people, who could not be justly 
punished for the guilt of theit rulers. Gregory IX., during the inter- 
dict against Frederic II., allowed mass to be said on Sundays. On 
some occasions the sacrament to the dying and baptism to infants 
were Allowed to be administered. (See Lyndwood.) : 

The frequent abuse of the interdict has been censured even by Roman 
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Catholic writers. In course of time the measure was found no longer 
to answer its object, and it became of rare occurrence. Paul V., in 
April, 1606, laid the republic of Venice under an interdict, because the 
senate had decreed that no more convents should be founded, and 
no more property should be bequeathed to monastic orders without 
ission from the government. The senate forbade the bull of 
to be published in the territories of the republic, aud ordered 
the parochial clergy to continue the exercise of their sacred as 
usual, The Jesuits, Franciscans, and other monks pleaded their duty 
of obedience to Joadeyad of ope ching! arr? told them > ged _ 
might depart, t last, in , through the m 
tion of IV. or oon, the pope removed the interdict, which 
had juced little or no effect on the minds of the Venetian people. 
TEREST, money which is paid for the use of other pes. the 
lender sti ing for a fixed sum to be paid yearly, mages See or 
——- for 1002. lent, until the money is returned. - this 
is not case, and when the money paid for the loan depends upon 
the success of an undertaking, or any casualty not connected with the 
duration of life, it is a dividend ; when the money and its 
interest are to be returned by yearly instalments, and ‘paid off in a 
certain fixed number of years, it is called an annuity certvin; but when 
the payment is to depend upon the life of any person or persons, it is 
called a life annuity. [Annurry.] But by whatever name the pro- 
ceeds of money may be called, the “rules of calculation are the same in 


every ae but = of a life contingency. : “i 
A-simple ru wcbeer techy emg ings, pence, and farthings into the 
decimal of a pound, alluded to in the article Annurtres, might be 
thade of such uent use in calculations connected with interest, that 
we begin with it. The rule is founded upon the circumstance of one 
farthing being very little more than the thousandth part of a pound. 
To convert any number of shillings, pence, and farthings to the 
decimal of 1/., as far as three places. 
illings, and 50 for the odd 
ing in the pence and 
upwards, 
laces of the result. Thus, 1s. 79d. give 50 
and 31 and 1, or 82, which, converted into a decimal of three plates, is 
082, or 1s. 73d. is *082l.: the truth lies between ‘0822’ and +0823. 
Again, 17s. 44d. give 800 and 50 and 18, or ‘868, so that 17s. 44d. is 
“8681. very nearly. r 


To convert any decimal of a pound of three places into shillings, 
pence, and farthings. ; E ; 
Routz.-—Take away the decimal point, and make a whole number of 


the three places: for every 100 of this whole number allow two |. 


shillings, and another shilling to the ining 50, if so much remain. 
Let every unit of the remainder be one farthing, but strike off one if 
the remaining number exceed 24. Thus, ‘973/. gives 18s. and 1s. and 


23 PE or 19s, 53d.; but *147/. gives 2s. and 46 farthings, or 
2s, 114d, following are examples of both rules ;— 2 


63d. is 0281, 16s. O}d. is 8022, 
Bs. 2d. is “158i. 17s, 11d.- is “8952. 
4s. 9}d. is “2381. 198. 104d. is -9930. 


This rule may be completed, so as to give any number of places, as 
follows :—For the fourth and fifth places of decimals, allow 4 for every 
farthing above the last sixpence, with a unit additional for every six 

i Thus, for 2s. 54¢., the first three places being ‘122, the 
fourth and fifth places are found by 22x 4+38,or91. For the sixth and 
all following places, take the number of farthings above the last three 

for a numerator, 6 for a denominator, and form the figures 
of the mding decimal fraction. In the above instance we have 
£, or "6666 ...., whence 2s 54d. is "1229166667..... : 

Interest is usually reckoned by the sum paid yearly for each 1002. ; 
thus, 4 per centum, abbreviated into 4 per cent., means that 41: is paid 


yearly for 100/., or that jth of the whole sum is paid yearly for its | p 


use. In some cases, as in the dividend of a bankrupt’s estate, a part is 
compared with the whole by stating how much of each pound is paid. 
The preceding rule gives the means of reducing one to the other instan- 
taneously : thus, since 4s. 94d. is “238/., a bankrupt who pays the former 
sum per pound, or °238/. for 11, pays 23°8/. for each 100/., or 23t per 
cent. Similarly, 37), per cent., or 37°2l. for 100/., is *372/. for 1l., or 
7s. 54d. in the poun: 
__ Interest is called simple when it is paid as soon as due, or when, 
if deferred, interest is not charged upon interest. But when the latter 
charge is made, the interest is called compound. In simple interest it 
takes no ditference whether it be payable yearly or at shorter terms; 
but this is not the case in compound iitelans he sum lent is called 
the principal ; and the principal, together with the interest, the 
amount ; also, the principal is called the present value of the a t 


£697 183, 4jd. is ween 


2790°672 ‘ 
348834 


100)3139°506 
8189606 or 8189506 


21976542 25116048 
1569753 784877 


witicea lf 243°31171 | 
24331172 
Answer £243°812 or £243 6s. 3d. 


When interest is to be taken for a number.of days, a 0 is 
often required to jericg meee gd eo: i with a 
set of tables, sev: of which are published. who do not often 
meet with the operation must take aoch a tractive ot 5 7sins aa 
as the number of days in the question is of a year. - ; V 
vole will: facilitate the introduction of the arithmetiod rale 

annum is to 


- RuLe.—Whenever the portion of an amount per 
taken corresponding to a number of days, calculate 
only 360 days, and from the result subtract its 72nd 
ing in ls. 6d., or 34d. on each guinea.- This falls 


as 


truth by about 1d. in 204 Thus, su; the yearly interest is 
283i. 17s. 4d., and that for 254 days is req — a 
283°866 
180... 4... 141938 _ 
60..4... 47311 
LD ds ABR 
Sy spe SO 
8)200°283 
9) 25-035 io 
2°782 
197-501 7 io 


Answer, 1971. 10s. ;-or, adding 1d. for each 20/., about 197/,10s.10d., 
which is within one halfpenny of the truth. ; a 
It is sometimes n to express the interest by theday,inwhich _ 
the following rules will be convenient :— : 2 
To turn a given amount per day into the amount per 
year, to the number of pence per day add its , and ge 
unds as there are now pence. This is the amount in 360 days, an 
ve days’ allowance added gives the result, 4 cw iggas 
' To tind out how much a sum per annum yields per day, subtract 
there are in the 


one-third from the pounds, and take as cory Epes as he 
result, The answer is the preceding result diminished by one farthing 
ce, gives 75 + 1°875, or 5°625 per = 
A, 


in 1s. 6d., or its 72nd 
860 days, which is 5/. 12s, 6d. To this add five times 33¢., or 1s, 6 


part. 
Thus, 39d. day, or 3°75 
which gives 5/. 14s. 0d. per annum. 


Again, 26/, 14s. 7d, per annum, or (nearly en ) 26-71, gives — 
26°7—8'9 pence per day nearly; that is, 1s, 59d. . Dimi by : 
one farthing, and 1s, Bid do ths axa within a ing. « se 

All persons who attempt for the first time to use decimal fractions 
in money computations imagine that they gain nothing; buta little — 

ractice soon convinces them of the contrary. . alee 

We now proceed to the subject of compound interest, which cannot 


At 2} per cent. r="0225 " At4 per cent. r="04 y 
At 34 per cent. r= +035 At 53 per cent. r="05125. 
It is not usual in treating of compound interest to separate that 

of the amount which is ecm from, the whole. We shall, %, 

speak only of principal and amount, or, when the latter is the giver 

sum, of present value and deferred principal. Hence, 1+7r is the 
amount of 1/. in one year, 2+ 2r that of 2/. in one year, and, generally, 
asum which is a pounds at the beginning of any one year becomes 


- 


A common question of simple interest requires merely the process 
of taking a given fractional part of a sum of money, saad nee be 
explained at length in a work of reference. One example, however, 
will serve to show the facilities which the p ing rule a.ords. 

What is the interest upon 6971. 18s. 44d., at 44 per cent., for 7] 


? 
To find this, we must take the hundredth of the 44 tim 
- for one year's interest, which we must then repeat 74 tines, ‘5 


a(1 +r) pounds at the end. ‘ 
quently, the amounts of 1. at the end of one, two, three, &e., 

years, are 1 +7, (1+7)%, (1+7)*, &c., pounds; and 1, at the end ofm 

years becomes (1 +r)" pounds, If, then, £a becomes £4 in n years, ab 


r per pound, we have 
A=a(l+r) o= a7 
Pe a Sed 
pit at w= Tog(tr) 


= =e OO Sl 


ee tenes 
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from one of which forms of the equation, either of the four, a, a, 1, or 
nm, can be found, when the other three are known. 

From the second form it appears that the fraction of 1/., which will 
in a year amount to a pound, is 1 divided by1 + r. Let this be called 
v3; we have then ‘ ‘ 

‘1l-v 


Hence it is easily seen, that according asa pound is to be the amount 
f one, two, three, &c., years, the principal now necessary 
produce that amount is v, v*, »°, &c., or v™ expresses “the present 
of ll. to be received at the end of » years.” Here are no less 
words necessary to express a fundamental result; and 
of (1 +7)" it must be as “the amount of ll. inn 
these phrases, the former might be advantageously 
value, and the latter the nth amount. 
sum which yields 1/. every year is called the value of a per- 
of one pound, or simply the perpetuity of 1/. Ié it be p, we 


rLibise 
etre 
= + B 


: 


Dope Soa fe 
Pp EP nop es 


a 


1 
pr=1,P=r= 


The reader will find an arithmetical account of ANNUITIES under 
~ that word; we now proceed to the algebraical formule connected with 


a year before any payment is made: thus an immediate grant of an 
annuity payable yearly implies that the first payment is made a 
year hence ; and similarly of a perpetuity. But in cases where we have 
to speak of an annuity or perpetuity, of which one payment is to be 
made now, we propose to call them an annuity due, and a perpetuity 
due. Again, an annuity or perpetuity deferred for, say 10 years, 
makes its first payment in 11 years: but a perpetuity due in 10 years, 
makes the first payment at the end of 10 years. An annuity of 20 
years makes 20 payments; an annuity due of 20 years makes 21 pay- 
ments. Let all annuities mentioned be of 1/., unless otherwise 
specified. 
The present value of an annuity for x years is evidently 


VEPEBt 0... FUR +0" 


for v in one year becomes 1J., and provides for the first payment; o* 
for the second, and so on. The preceding is equivalent to 
vy —vetl 1—v (l+ry"—1 
Ey pk aN ecm a 


— r or (+r 


Similarly the present value of an annuity due for years is 17. more 
than the preceding, or ; 


1— tl l+r—v (+rj"tt—1 
them. An annuity, and also a perpetuity, is always said to be created l—v > r Oh r(l+r)" 
. Taste I. Taste Il, 
Tue Present Vatve or £1, pvE aT THE END OF ANY NUMBER OF YEARS. Tue Present Vatve or £1 rer ANNUM FOR ANY NUMBER GF Years, 
Yrs. |24 per Ct.| 3 per Ct. |3} per Ct.| 4 per Ct. 4} per Ct) 5 per Ct. 6 per Ct. | Xr. 2} per Ct.) 3 per Ct. |3} per Ct.| 4 per Ct. |44 per Ct.| 5 per Ct. | 6 per Ct. 
1 | °97561 | -97087 | .96618 | -96154 | -95694 | *95238 | -94340 1 “97561 “97087 *96618| -96154) °95694) *95238 “94340 
2) *95181 94260 | *93351 | *92456 | -91573 | *90703 | ‘89000 2 1°92742) -1°91347| © 1°89969) 188609) 1-87267| 1°85941) 1°83339 
3 | 92860 | -91514 | *90194 | 88900 | °87630 | *86384 | -83962 3% | 2°85602) 2°82861) 2°80164) 277509) 2°74896) 2°72325) 2°67301 
4 | 90595 | *88849 | *87144 | *85430 | -83856 | °82270 | +79209 4 | 3°76197| 3°71710| 3°67308) 8°62990| 3-58753) 3°54595| 3°46511 
5 | *88385 | ‘86261 | -84197.| *82193 | °80245 | *78353 | -74726 5 | 464583) 4°57971) 451505) 4°45182| 4°38998) 4°32948) 4°21236 
6 | *86230 | -83748 | *81350 | -79031 *76790 | "74622 | 70496 6 | 5°50813) -5°41719) 5°32855) 5°24214) 5°15787| 5°07569| 4°91732 
7 | *84127 | *81309 | *78599 | °75992 | *73483 | °71068 | -66506 7 | 6°34939| 6-23028) 6°11454| 6°00205) 5°89270) 5°78637| 5°58738 
8 | *82075 | *78941 | *75941 | *73069 | *70319 | -67684 | -62741 8 | 7°17014) 7°01969) 6°87396) 6°73274) 6°59589| 6°46321| 6°20979 
9 | *80073 | *76642 | °73373 | *70259 | -67290 | *64461 | -59190 9 | 7°97087) 7°78611| 7°60769| 7°43533| 7°26879| 7°10782) 6°80169 
10 | ‘78120 | *74409 | °70892 | °67556 | -64393 | *61391 | -55839 10 | 875206) 8$°53020) 8-31661| 8-11090| 7°91272) 7°72173) 7°36009 
11 | 76214 | *72242 | °€8495 | °64958 | -61620 | *58468 | -52679 ll 951421) 9°25262| 9°00155| 8-76048} 8°52892| 8°30641| 7°88687 
12 | *74356 | -70138 | 66178 | 62460 | *58966 | -55684 | -49697 12 | 10°25776) 9°95400; 9°66333) 9°38507| 9°11858) 8°86325| 838384 
13 | *72542 | -68095 | °63940 | -60057 | -56427 “53032 | -46884 13 | 10°98318) 10°63496| 10°30274| 9°98565) 9°68285| 9°39357) 8*85268 
14 | -70773 | -66112 | °61778 | *57748 | -53997 | *50507 “44230 14 | 11°69091| 11°29607)| 10°92052) 1056312] 10°22283) 9°89864) 9°29498 
15 | 69047 | *64186 | *59689 | *55526 | +51672 | -48102 “41727 15 | 12°38138) 11°93794) 11°51741) 11°11839) 10°73955| 10 37966) 9°71225 
16 | *67362 | -62317 “57671 | ‘53391 | -49447 "45811 *39365 16 | 13°05500) 12°56110) 12-09412) 1165230) 11°23402| 10°83777| 10°10590 
17 | 65720 | -60502 | -55720 | 51237 ‘47318 | *43630 | -37136 17 | 13°71220) 13°16612) 12-65132) 12°16567| 11°70719) 11°27407) 10°47726 
18 | *G4117 | *58739 | -53826 | -49363 | -45280 | °41552 | -35034 18 | 14°35336| 13°75351) 13°18968| 12-65930) 12°15999, 11°68959 10°82760 
“| 19 | *62553 | °57029 | -52016 | 47464 | -43330 | *39573 | -33051 19 | 14°97889) 14°32380) 13°70984| 13-14394) 12°59329, 12°08532) 11°15812 
20 | -61027.| °55368 | *50257 | °45639 | -41164 | -37689 | -31180 20 | 15°58916) 14°87747) 14°2124| 13-59033| 13°00794) 12°46221) 11°46992 
21 | °59539 | *53755 | -48557 “43883 | -39679 | -35894 | -29416 21 | 16°18455) 15°41502) 14°69797| 14:02916) 13°40472) 12°82115| 11°76408 
22 | *58086 | *52189 | -46915 | -42196 | -37970 | -54185 | -27751 22 | 16°76541) 15°93692) 15°16712) 14-45112) 13°78442) 13°16300) 12°04158 
23 | 56670 | -50669 | *45329 | -40573 | -36335 | +32557 *26180 23 | 17°33211| 16°44361| 15°62041) 14°85684| 14°14777)| 13°48857| 12°30338 
24 | *55288 | -49193 | 43796 | *39012 | -34770 | *31007 24698 24 | 17*88499) 16°92554| 16-05837) 1524696) 14°49548) 13 79864) 12°55036 
25 | *53939 | °47761 -42315 | *37512 | -33273 | -29530 | -23300 25 | 18°42438) 17°41315) 1648151] 15-62208) 14°82821| 14°09394)| 12°78336 
26 | +52623 | -46369 | -40884 | *36069 | -31840 | -28124 | -21981 26 | 18°95061) 17°87684) 1689035) 15°98277| 15°14661| 14°37519} 13°00317 
27 | 51340 | *45019 | *3950L “$4682 | 30469 | 26785 | -20737 7 |19°46401) 18-3270 | 17°28536) 16°32959) 15°45130| 14°64303) 13°21053 
28 | 50088 | 43708 | *38.65 | °33348 | *29157 | *25509 | -19563 28 | 19°96489) 1876411) 17°66702| 1666306] 15°74287| 14°89813) 13°40616 
29 | -48866 | +42435 | -36875 | °32065 | -27902 | °24295 | +18456 29 | 20°45355| 19°18845) 18°03577| 16:98371) 16°02189) 15°14107) 13°59072 
3M | °47674 | "41199 | -35628 | *30832 | +26700 | *23138 | -17411 30 | 20°93029) 19°60044) 18°39205) 17+29203| 16°28889) 15°37245) 13°76483 
St | ‘46511 | *39999 | -34423 | *29646 | *25550 | *22036 | -16425 81 | 21 39541) 20°00043) 18°73625| 17-58849) 16°54439| 15759281) 13-92909 
32 | 45377 | *38834 | °33259 | 29506 | -24450 | *20987 | -15196 $2 | 21°84918) 2038877) 19°06887| 17°87355) 16°78889) 15°80268| 14°08404 
$3 | -44270 | -37703 | 32134 | *27409 | +23397 “19987 “14619 33 | 22°29188) 20°76579) 19°39021| 18°14765) 17°02286) 16700255) 14°23023 
34 | ‘43191 | *36604 | *31048 | *26355 | -22390 | *19035 | -13791 34 | 22-72379) 21°13184| 19°70068) 18°41120| 17°24676| 16°19290| 14 36814 
35 | ‘42137 | *35538 | -29998 | 25342 | -21425 | -18129 | -13011 85 | 2314516) 21°48722) 20-00066| 18°66461| 1746101) 16 37419) 1449825 
36 | ‘41109 | *34503 | *28983 | *24367 *20503 | °17266 | -12274 86 | 23°55625| 21°83225) 20°29049/ 18-90828| 17°66604| 16°54685| 14°62099 
37 | ‘40107 | *33498 | *28003 | -23430 | -19620 | -16444 | -11580 37 | 23°95732) 22°1672s) 20°57053| 19°14258| 17°86224| 16 71129) 14°73678 
38 | *39128 | *32523 | 27056 | °22529 | -18775 | -15661 | -10924 88 | 24*34860| 22 49246) 20°84109| 19°36786| 18°04999| 16°86789| 14°84602 
39 | *38174 | *31575 | *26141 | *21662 | -17967 “14915 | -10306 39 | 24°73034) 22°80822) 21-10250| 19°58448) 18°22966) 17°01704| 14°94907 
40 | °37243 | *30656 | °25257 | +20829 | «17193 | -14205 | -09722 40 | 25°10278| 23°11477| 21°35507| 19°79277| 18°40158| 17°15909| 15°04630 
41 | °36335 | *29763 | +24403 | *20028 | -16453 | °13528 | -09172 41 | 25°46612/ 23°41240) 21-59910| 19°99305| 18°56611) 17°29437) 15°13802 
42 | °35448 | +28896 | °23578 | *19257 | °15744 | -12584 | -08653 42 | 25°82061) 23°70136) 21°83488) 20°18563) 18°72355) 17742321) 15°22454 | - 
43 | *34584 | °28054 | *22781 | *18517 | *15066 | -12270 | -08163 43 | 26°16645) 23-98190| 2206269 20°37079| 18°87421/ 17°54591| 15°30617 
44 | *33740 | +27237 *22010 | +17805 | 14417 | *11685 | -07701 44 | 26°50385) 24°25427| 22°28279| 20°54884) 19 01838] 17°66277)| 15°38318 
] 45 | *32917 | ‘26444 | -21266 | 17120 | *13796 | *11130 | -07265 45 | 26°83302) 24°51871) 22°49545| 20-72004| 19°15636) 17°77407| 15°45583 
" 46 | -32115 | *25674 | *20547 *16461L | *13202 | +10600 | -06854 46 | 27°15417| 24°77545| 22°70092) 20°88465) 19°28837| 17°88007| 15°52437 
47 | -31331 | +24926 | 19852 | °15828 | °12634 | -10095 06466 47 | 27°46748) 25°02471) 22°89944/ 2104294) 19°41471| 17°98102| 15758993 
48 | *30567 | *24200 | *19181 “15219 | *12090 | -09614 | -06100 48 | 27°77315| 25°26671)| 23°09124) 21°19513| 19°53561| 18°07716| 15°65003 
49 | 29822 | +23495 | -18532 | *14634 | *11569 | 09156 | -05755 49 | 28°07137) 25-50166) 23°27656| 21°34147| 19°65130| 18°16872) 15°70757 
50 | *29094 | *22811 | -17905 | 14071 “11071 | *08720 | -05429 50 | 28°36231| 25-72976) 23°45562) 21°48218] 19°76201)| 18°25593) 15°76186 
55 | 25715 | +19677 | 15076 | *11566 | -08884 | -06833 | -04057 55 | 29°71398) 26°77443) 24°26405) 22°10861) 20°24802| 1863447) 1599054 
60 | -22728 | 16973 | *12693 | ‘09506 | -07129 | *05354 | -os031 60 | 30°90866| 27°67556| 24°94473) 22 62349] 2063802) 18°92929) 1616143 
65 | *20089 | *14641 “10688 | -07813 | -05721 "O4195 | 2265. 65 | 31°96158) 28°45289) 25°51785) 23°04668] 20°95098) 19-16107| 16°28912 
70 | 17755 | -12630 | *08999 | *06422 | 04590 | 03287 | -01693 70 | 32°89786| 29°12342) 26°00040) 23°39451| 21°20211) 19-34268| 16°38454 
75 | 15693 | -10895 | 07577 05278 | 03684 | *U2575 | -01265 75 | 33°72274| 29°70183)| 26°40669| 23:68041| 21°40363) 19°48497| 16°45585 
80] -13870 | -09398 | -06379 | -n4338 | -02956 | -02019 “00945 80 | 34°45182| 30°20076) 26°74878) 23°91539) 21°56534)| 19°59646) 16°50913 
85 | *12259 | 08107 | 05371 | *03566 4 -02372 | -01581 *00706 85 | 85°09621) 30°63115) 27-03680| 24*10853| 21°69511| 19°68382) 16°54895 
90 | 10836 | 06993 | .04522 | *02931 | -01903 | -01239 | -00528 90 | 35°66577| 31°00241) 27-27932| 24+26728| 21°79924) 19°75226, 16°57870 
95 | *09577 | 06032 | .03808 | -02409 | -01527 | -00971 | -00394 95 | 36°16917| 31°32266) 2748350) 24°39776| 21°88280) 19°80589) 16°60093 
100 | -08465 | 05203 | .03206 | ‘01980 | *01226 | -00760 | -00295 100 | 3661411) 31°59891| 27°65543) 24°50500| 21°94985) 1984791) 16°61755 


923 INTEREST. INTEREST. 
An annuity of » years deferred for & years is now worth 1. By annuity fore Ee elie | “he 
oth ttt. ob tte : 
ee | ha tee (l+r)*—1 2. By annuity for m years, deferred & years, of =— 
etry i r Witry re 8.. By perpetuity: «vs 6 = oe, Ea 16 Ob ¢ 
A pétpetnity deferted for k years it Worth © or ete; but & perpe- 4. By perpetuity deferred fork years. of 
tuity due in & years is the same as a perpetuity deferred for k —1 ae 
years, and &—1 miust be written for & in the preceding; giving | And 1/, due at the end of n years, may be by an n yeats auniiity 
"it the of an annuity of be put out to interest ib nay Yoloney tn ba] aaa amalaabay i ot ie 
an of » years put oui as it to an 
fast as become due, then at the instant after the last payment is found by multiplying the annuity, &e., of 10 td ; ts 
made the first pa; will have improved for n — 1 years, the second | An annuity of # years, which gives 1 at the first 28 
for n— 2 years, &c., and the last payment will have made nothing: | the second payment, &., atid 4n at the nth and last ° 
w amount of the annuity at the mément of expira- | worth "ll eal 
tion is : vt nent? — (041) etl Ts 
(L4ry! + (leryr®+ .... +(1+n)41 a—- fC 
ooo (lL +ry"—1 1—v* 
which 5 ~ > rT and when the numerator and 


The annuity of n years, which 1l, will buy, makes at éach payment 
+ (1— + ); amd so on: that is; the following are methods of re- 
storing 1l. now lent :— 


Tavre III, 
Tae Axwurry wuten £1 witn rurcnase POR ANY NUMBER OF Yeané, 


Tavix IV. 
Tux Axount or £1 1x Axy NuMBER or Yeats. 


j - 
Yrs. |2} per Ct.) 3 per Ct. |3} per Ct. 4 per Ct. 43 per Ot.)'5 pot Ct: | 6 per Ct Yrs. |2} per Ct. 3 per Ct. |34 per Ct.| 4 per Ct. |4} per Ct.| 5 per Ct. 
1 |1°02500 |1-03000 |1°03500 |1-04000 |1-04500 |1-05000 1-06000 1 | 102600) 1-03000} 1:03600| 1-04000| 1°04500| 105000 
2 | -51883 | -52261 | -52640 | -53020 | -53400 | -53780 | -54544 2 | 1°05063} 1-06090) 107123| 1°:08160}| 1-09203)| 1/10250 
3 | 35014 | +85353 | -$5693 | -46035 | -36377 | «36721 | -37411 $8 | 1°07689) 1-09273) 1°10872] 1:12486| 1°14117| 1°15763 
4 | 26582 | -26903 | -27225 | -27549 | -27874 | -28201 | -28959 4 | 110381} 1412551} 1414752) 1/16986] 1°19252) 1/21551 
& | -21525 | 21885 | -22148 | -22463 | -22779 | -23097 | -23740 5 | 113141) 115927} 1418769] 1:21665| 124618) 1:27628 
6 | -18155 | -18460 | -18767 | +19076 | -19388 | -19702 | -20336 6 | 1:15969) 119405) 1422926] 1:26632] 1+30226| 1°34010 
7 | -15750 | -16051 | 16354 | -16661 | -16970 | -17282 | -17914 7 | 1°18869) 1-22987 | 1/27228} 131593} 1*36086} 1°40710 
8 | 19947 | -14246 | -14548 | +14853 | *15161 | -15472 | -16104 8 | 1°21840| 1-26677) 1'31681} 136857} 1°42210) 1747746 
9 } 12546 | --12843 | -13145 | 13449 | +19757 | -14069 | -14702 9 | 1°24886) 1°30477) 1:56290| 1°42391} 148610} 1.55133 
10 | +11426 | °11723 | *12024 | +12929 | -12638 | -12950 | -13587 10 | 1-28008} 1°84392| 1:41060} 1:48024} 1°55297| 1762889 
11 | +0511 | *10808 | “12109 | -11415 | -11725 | -19039 | -12679 11 | 131209} 1°38428) 1/45997| 1:59945| 1°62285) 1°71034 
12 | -09749 | -10046 | -10848 | +10655 | 10967 | -11283 | +11928 12 | 1°34489| 1:429576) 1/51107| 160103) 1°69588| 1'79586 
13 | -09105 | -09403 | ‘09706 | -10014 | ‘10828 | “10646 | -11296 13 | 1°37851} 1°46853} 1:56396| 1:66507) 1°77220) 188565 

“| 14 | 08554 | -08653 | *09157 | <09467 | “09782 | “10102 | 10758 14 | 1°41297| 1°51259) 1°G1869| 1:73168} 1°85194| 1'97993 
15 | -08077 | 08377 | ‘08683 | ‘8994 | +0511 | -o9GS4 | -10296 15 | 1-44880| 1455797} 167535} 180094] 1°93528) 207893 
16 | ‘07660 | *07961 | ‘08268 | 08582 | -08902 | -o9227 | -OD895 16 | 1°48451} 1°60471} 1°73399| 1°87298| 2°02237 | 2°15287 
17 | 07293 | 07595 | "07904 | +8220 | 08542 | <oBs70 | -o9544 17 | 162162) 1-65285) 1°79468| 1°94790| 2°11998 | 2°29202 
18 | 06967 | ‘07271 | ‘07582 | 07899 | “08224 | -08555 | -09236 18 | 1°55066) 1-70243} 1°85749| 2-02582| 220848] 2°40662 
19 | ‘06676 | ‘06981 | ‘07294 | 07014 | -07941 | -08275 | -08962 19 | 1°59865| 1°75351} 1°92250} 210685 | 230786 | 2°52695 
20 | 06415 | 06722 | 07936 | ‘07358 | -07688 | -O8024 | -08718 20 | 1-63862) 1-80611}) 198979} 2*19112] 2°41171) 2°65330 
21 | 06179 | 06487 | ‘0G804 | -07198 | 07460 | -07800 | -08500 21 | 1°67958) 186029} 2°05943} 2:27877| 2°52024| 2°78596 
22 | ‘05965 | -06275 | “06593 | 06920 | -07255 | 07597 | -08305 22 | 1°72157) 1°91610} 2°13151 | 2/36992) 2°633965 | 2°92526 
28 | 05770 | ‘06081 | 06402 | 06731 | -07068 | -o7414 | -08128 23 | 176461 | 197359} 2:20611 | 2'46472) 275917 | 3°07152 
24 | 05591 | 05905 | 06227 | -06559 | -06899 | -o7247 | -07968 24 | 180873) 2-03279) 2°28333 | 2+56330} 2°87601 | 3°22510 
25 | ‘05428 | 05743 | “06067 | 06401 | -06744 | -o7095 | -07893 25 | 1°65394) 2-09378| 2°36324] 266584) 3°00543 | 3°38635 
26 | ‘05277 | 05594 | *05921 | +06257 | -06602 | -06956 | -07690 26 | 1°90029) 2°15659| 2°44596 | 2'77247 | 3:14068 | 3°55567 
27 | 05138 | “05456 | °05785 | ‘06124 | -06472 | -06829 | -07570 27 | 1°94780] 2-22129| 2°53157} 2°88987 | 3:28201 | 3°73846 
28 | 05009 | 05329 | ‘05660 | -O6001 | -06352 | -06712 | -07459 28 | 1°99660| 2-28793} 262017 | 2:99870} 3:42970) 3*92013 
29 | 04889 | 05211 | *05545 | 05888 | -06241 | 0605 | -07355 29 | 2°04641| 235657) 2°71188| 3111865] 3°58404) 4°11614 
30 | -04778 | “05102 | 05437 | -05783 | -06139 | -06500 | -07265 30 | 2-09767 | 2-42726} 2°80679} 3+24340 | 374532) 4°32194 
$1 | 04674 | -05000 | *05337 | -05686 | -06044 | -06419 | -07179 31 | 2°15001| 250008 | 2°90503 | $:37313| 3°91386 | 4°53804 
$2 | 04577 | -04905 | “05244 | -05505 | -05956 | 06828 | -o7100 82 | 2°20876] 2°57508| 3°00671} 3°50806) 4:08998 | 4°76494 
$3 | 04486 | <04816 | ‘05157 | ‘05510 | “05874 | 06249 | -07027 33 | 2°25886| 2-65234) 3°11194] 3°64838 | 4°27403 | 5°00319 
$4 | “04401 | -04732 | 05076 | -05431 | 05798 | -oB176 | -09200 34 | 2°31532| 2-73191) 3°22086 | 3:79432)| 4:46636 | 5°25335 
35 | 04921 | ‘04654 | 05000 | “05958 | “05727 | “06107 | -o6897 35 | 2°37921| 2-81386| 3°33359 | 3:94609)| 4°66735 | 5'51602 
96 | 04245 | 04580 | 04928 | -05289 | -05661 | ‘06043 | -dH899 36 | 2°43264| 2-89828} 345027 | 4°10393} 4°87798 | 5°79182] 
87 | O4174 | 04511 | “04861 | “05224 | 05508 | -o5984 | -06786 37 | 2°49885| 2-9852| 8°57108 | 4°26809| 5:09686 | 608141 
58 | 04107 | 04446 | “04798 | 05163 | -05540 | -05928 | -06796 38 | 2°55568) $°07478| 3.69601 | 4°43881} 5°32622 
40 | 04044 | “04384 | 04739 | -05106 | -05486 | -o5876 | -OGG89 39 | 2°61957| 3°16703| 3°82537 | 4-61637 | 5°56590 
40 | ‘03984 | “04926 | 04083 | 05062 | 05494 | -o5898 | -oG646 40 | 268506) 3-26204| 395926 | 4:80102} 5°81636 
41 | -03927 | 04271 | “04630 | -05002 | 05586 | -05782 | -oGG06 Al | 2°75219) 3°35990 | 4°09783 | 4-99306 | 6°07810 
42 | 09873 | -04219 | “05580 | -04964 | 05841 | ‘05739 | -06568 42 | 2°82100) $-46070| 4-24126 | 5-19278 | 635162 
43 | 03622 | 04170 | 04555 | -04009 | -05208 | -o5c09 | -on533 43 | 2°89152) 3-50452, 438970 | 540050} 663744 
44 | 03773 | 04125 | “04488 | +04860 | ‘05258 | “05662 | -ob501 44 | 2°96381 | 3°67145| 4°54334 | 561652) 699612 
45 | 03797 | 04079 | ‘04445 | od826 | -05220 | -o5626 | -o0470 45 | 8°03790) 3-78160) 4°70236 | 584118] 7'24895 
46 | ‘03683 | 04036 | 04406 | “04788 | *O5I84 | ‘05599 | -06441 46 | 8°11385| 389504) 4°86694 | 607482) 7157442 
47 | 03641 | “03996 | 04967 | ‘04752 | “05151 | 05501 | -064i5 47 |} 8719170) 4°01190) 5°03728 | 6:31782] 7'91527 
46 | 03601 | “03958 | 04931 | ‘04718 | -05119 | -o5532 | -06390 48 | 3°27149) 4-19225 | 521359} 6°57053 | 8'27146 |10°40127 
49 | 03562 | -o3021 | 04206 | 04086 | ‘05089 | 05504 | “06366 49 | 3°35328) 4-25622| 5°39606 | 6'83335 | 8164367 |10°92133 
50 | 05526 | 09887 | “04263 | 04655 | -05060 | ‘05478 | 06344 50 | 349711) 4°38391 | 598403 | 7°10668 | 9°03204 |11°46740 
$5 | 03965 | 03735 | *04121 | ‘04593 | 04959 | -o5907 | -06954 55 | 3°88877| 508215) 663314) 8+64687 |11°25631 |14°63563 }2 
60 | 07295 | 0613 | ‘04009 | 04420 | 01845 | 05989 | -OGI8S 60 | 4:39979) 5:89160) 7°87809 |10'510963 |14'02741 |18°67919 
65 | 05128 | 03515 | -05919 | -Od399 | 04773 | “O5219 | -OG189 65 | 4-97796| 682998 | 9'35670 |12'79874 |17/48070 |23'83990 
70 | 05040 | 03434 | 05846 | -04975 | 04717 | “05170 | -oBI03 70 | 663210) 791782 |11/11283 |15+57162 |21/78414 |30°42643 
75 | 02065 | 09967 | O3787 | 04298 | 04672 | 05192 | -oG077 75 | 637221] 9117893 |13+19855 |18'94526 |27'14700 }38'83269 
60 | ©2008 | O5S11 | -ON7S5 | -O4181 | “o4097 | “O5103 | “06057 80 | 7-20057 |10-64089 |15'67574 |23:04980 |33'83010 [49°56144 
65 | 09840 | 05265 | ‘08099 | -odid4s | ‘O4G09 | 05080 | -on045 85 | 815606 /12'39571 |18/61786 |28+04300 |42'15846 |63'25435 
90 | 09804 | 05296 | ‘03006 | “04121 | 04587 | ‘050863 | 06032 90 | 922686 }14:30047 |22/11218 |84°11933 [52159711 |80°73037 
95 | 02765 | “05108 | 03639 | ‘04099 | 04570 | ‘05049 | -06024 95 |10°44160 |16'57816 |26'26233 |41°51199 [6547079 /103-0347 
100 | 09781 | ‘05165 | 05616 | O4081 | 04556 | o5088 | ‘oo018 100 |11°81827 |19+21863 |31/19141 |60'50495 |61'59852 |131-5013 


INTEREST, 926 


} 
: 
925 INTEREST. 
TABLE vy, 
j Tae Amounr or £1 PER ANNUM IN ANY NuMBER oF YEARS. 
: t : 
Years. | 23 per Cent. | 3 per Cent. 3} per Cent. | 4 per Cent. | 4} per Cent. | 5 per Cent. 6 per Cent. 
| 1 100000 1-00 1700000 100000 100000 1-00000 1:00000 
4 ; 202500 20300 203500 2°04000 204500 205000 206000 
; é 3°07 563 809090 3°10623 312160 3°13703 3°15250 3°18360 
b 4 415252 418363 4121494 424646 427819 4°31018 437462 
: 5 5125638 530914 5:36247 5°41632 547071 5+52563 563709 
: 6 6:38774 6:46841 655015 6°63298 671689 6780191 © 697532 
/ 7 754743 7766246 777941 7°89829 801915 814201 8°39384 
7 § 8:73612 $:8923: 05449 9°21423 9°38001 oneal} ard 
t : 9°95452 1459 10°36850 10°58280 10°80211 11-02656 1149132 
t Hi 11-20338 1:46388 11°73139 1200611 12-28821 *12°57789 13°18079 
1 1 1g 1280780 13714199 13°48635 13°84118 1420679 1497164 
‘ 12 1379555 14-19203 14°60196 15°02581 15°46403 | | 15°91713 16-86994 
: 13 15°14044 15°61779 16°11303 16.62684 17*15991 17°71298 18°88214 
- 14 16°51895 1708632 17°67699 1829191 18°93211 19°59863 21701507 
i 15 1798193 18°59891 1929568 20-02359 20°78405 2157856 23-27597 
: 16 1938022 20715688 20:97103 21°82453 22°71934 23°65749 25°67258 
q 7 20°86473 21:76159 22°70502 23°69751 2474171 25°84037 28-21288 
18 22°38635 23°41444 2449969 25°64541 26785508 28713238 30°90565 
; 9 haves 25711687 6°35718° 27°67123 29°06356 30°53900 $3-75999 
7 0 5°54466 a 37 “27968 29°77808 31°37142 $3-06595 36°78559 
‘ i 27718327 8°67649 30-26947 31°96920 33°78314 $5°71925 39-99273 . 
2886286 30°53678 $2-32890 3424797 3630338 38°50521 43°39229 
2 30°58443 $2°45288 §4-46041 36°61789 38°93703 41743048 46-99583 
; 24 3234904 84°42647 36-66653 39°08260 41°68920 44°50200 50°81558 
25 $4:15776 36745996 38-94986 41°64591 44°56521 47°72710 54°86451 
; 26 3601171 38755304 41°31310 44°31174 47°57064 51°11345 59°15638 
27 37°91200 40:70963 43°75906 47708421 §0°71132 $4:66918 63°70577 
i 28 39°85980 42/93092 46°29063 49°96758 53°99333 58-4058 68°52811 
29 41°85680 45°21885 48-91080 52°96629 57742303 62°32271 73°63980 
¥ 30 43:90270 47°57542 5162268 56-08494 61°00707 66°43885 79°05819 
$1 riers 50°00268 5442947 59°32834. 64°75239 70°76079 8480168 
3 §°15028 5250276 5733450 62°70147 68°66625 75°20883 90°88978 
3 50°35403 55-07784 60-34121 66720953 7275623 80°06377 97-34316 
34 52-61289 57:73018 63°45315 69°85791 7703026 $5'06696 104°18375 
35 54:92821 60°46208 66°67401 73°65222 8149662 90°32031 11148478 U 
36 57°30141° 6327594 7000760 7759831 86°16397 95°83632 119712087 i 
. 37 59°73395 66717422 73:45787 81-7025 91°04134 101°62814 127-2681 
} 38 62722730 69°15945 7702889 $5:97034 96°13820 107°70955 1359043 
39 64'78298 7223423 $0°72491 90°40915 101°46442 110°49502 14505846 
40 67740255 75°40126 84°35028 95°02552 107°03032 120:79977 15476197 
) ‘ 70°08762 78°66330 88°50954 99°82654 11284669 12783976 16504768 
| 72-83981 §2-02320 92°60737 104°81960 118792479 135°23175 175°95054 
. 4 75°66080 85°48389 96°84363 110°01238 125°27640 142-99334 187°50758 
: 4 78°55232 .89°04841 101723833 115°41288 131°91384 151*14301 19975808 
; 45 81°51613 92°71986 105°78167 121°02939 18884997 159°70016 212:74351 
46 8455408 96*50146 110°48403 126°87057 146°09821 168 68516 226750812 
47 87°66789 100°39650 115°35097 132°94539 153°67263 17811942 241-09861 
48 90°85958 10440840 120°38826 139°26321 161758790 1$8°02539 256°56453 
49 94713107 108°54065 125°60185 145-83373 169°85936 198°42666 272-95840 
: 60 97748435 112°79687 130°99791 15266708 178°50308 209°34800 290°33590 
65 115°55092 13607162 160°94689 191*75917 227°91796 272°71262 394-172038 
60 13599159 163°05344 196°51688 237-99069 289°49795 3853-58372 533°12818 
5 1159-11833 194°33276 |. 238-76288 294-96838 $66°23783 456°79801 719°08286 
70 185°28411 230°59406 2898-93786 $64+29046 46186968 588752851 967 93217 
75 214-88830 272°63086 348-53001 448°63137 581°04436 75665372 | 1800:94868 
80 248-38271 $21°36302 419°30679 551724498 729°55770 971122882 | 1746:59989 
85 286°27857 87785695 503°36739 676-09012 914:63234 | 124508707 | 2342-98174 
~ 90 $29°15425 443734890 6038-20503 827:98333 | 1145-26901 | 1594°60730 | 3141-07519 
95 877'66415 519727203 721°78082 | 1012-78465 | 1432-68426 | 2040°69353 | 4209-10425 
100 432°54865 607°28773 §62°61166 | 1237-62370 | 1790°85596 | 2610°02516 | 5638-36806 


at the second payment, &c., and 1/. at the mth and last payment js 


worth 
ne + "+2 — (n +1) x 
1=0 


and, reversing numet and denominator, we have the fraction of 1/., 
whish ist bo paid the end of the first year, in order to repay 1/, 
now lent, by uniformly decreasing instalments in 


easy to- determine Aopen in the two last formule) the number of 
yéars necessary. But if the number of years be given, and the result, 
and it is the rate of interest which is wn, an equation must be 
CAD, We Some ot ich igh as the number of years. 
When the interest is to be paid at the expiration of a fraction of a 
> Se ee thing as if a ip tor te interest were paid for a 
num of years. i ing investigations 1 + 7 ma 
Be consider athe amount o 1/. at the end of a term, and » athe 
er of terms. If sega ar be paid d m years, 
r per pound per annum-gives 4r per pou uarter, ich con- 
tinued for 4n quarters gives (1 + i for the amount. " 
The tables appended to this article are intended to save the trouble 
in ordinary cases. They extend from 24 to 6 per cent. 
Higher rates are occasionally useful, but it is to be remembered that 
when the rate of interest is high, and the number of years not small, 
of yearly interest become sensibly incorrect when the money is 


really improved half-yearly or quarterly. Thus the tables at 5 per 
cent., with double the number of terms, will better represent the 
actual of money at 10 per cent. than the common yearly 
tables. The calculator who wishes to meet every case with ines, 
must make himself independent of particular tables. This can be 
done with the common seven-decimal tables of logarithms, up to five 
places of decimals and 100 years: and if the logarithm of 1+ r be 

iven to ten places of decimals, up to seven places and 1000 years. 

he following subsidiary table is Caresore given, which contains the 
logarithms of 1 + 7, for every quarter per cent. up to 6 per cent., and 
to ten places of decimals. (Bee IyTERPOLATION for a simple method of 


finding intermediate logarithms.) 

1+r Log. (1+r) 1l+r Log. (1+1) 

10025 00108 43813 1:0325 01389 00603 
1:0050 °00216 60618 10350 01494 03498 
10075 =:00324 50548 1:0375 = 01598 81054 
10100 = 00432 13738 10400 =+01708 33393 
1:0125 = 00539 50319 10425 = 101807 60636 
10150 00646 60422 1°0450 01911 62904 
10175 00753 44179 10475 02015 40316 
10200 00860 01718 1:0500 02118 92991 
10225 00966 33167 10525 02222 21045 
1:0250 01072 38654 10550 02825 24596 
1:0275 01178 18305 10575 = 02428 03760 
10300 = 01283 72247 1:0600 *02580 58653 


07 INTERFERENCE. INTERFERENCE. . 
By taking the first nine multiples of any one of these logarithms, a | series of vibrations of kind. The term is most commonly em- ‘ 
Sot h slog. Oo 2 ba ts eo aba bor . a Pe os ome yp ae f th grand principe of he 
every The following, for instance, is per cent, e owe to Dr,-Yo of the e 
per quarter, or 4 per cent per annum, payable quarterly :— interference of light, and the Lie rege thereby, in most simple 
‘ and satisfactory manner, of us phenomena of which no rational — 
1 *0043214 10 *0482187 100 0°4221874 account eee Eero been given. 
2 ‘0086427 20 *0864275 200 08642748 The pri le iteelf, when considered 
3 0129641 30 *1296412 - 300 12964121 phenomena which belong to it, may be thus 
4 0172855 40 °1728550 400 1°7285495 of light from the same source, after traversing 
5 *0216069 50 2160687 500 271606869 diff from each other in length, mix together, 
G6 +0259282 60 *2592824 600 25928243 pee partially or completely neutralise each 
7 0302496 70 *8024962 700 $-0249617 strengthen zich ‘other, adconling ie tae 
8 °0345710 80 3457099 800 34570990 two interfering streams are of equal 
9 0388924 90 °3889236 900 3°8892364 complete, and we have realised 
z ; ‘ cing darkness. The law which determines whether the ill 
For instance, su it required to find out in how many years n due to this joint action of the two streams is a maximum 


money will increase tenfold at 4 per cent, payable quarterly; or to 
solve the equation (1°01) = 10. 


Log. 10 = 1:0000000 
"8642748 .. 200 


1357252 
‘1296412 ., 30 
“0060840 
0043214... 1 
“0017626 


Answer.—The amount of ll. in 232 quarters, or 58 years, will be a 
little more than 10/, 2 

We now describe the tables which follow :— ; 

Table I. gives the t value of 1/, to be received at the end of 
the several years eRe ye Thus, in the column of 4 per cent, oppo- 
site to 15 years, we find ‘55526, which is the sum that will in fifteen 

ears, at 4 per cent., amount to 1/.. The present value of 100/. simi- 
hart cireumstanced, is 55°526/. or 551. 10s, 61d. j 
ble II. gives the present value of an annuity of 17. Thus ogg 
to 20 years in the column of 5 per cent, is 12°46221, meaning that 1/., 
to be 
worth 12°46221/.,if money will make 5 per cent. 

Table ILI. shows the annuity which 1/, will buy for any number of 
years. Thus in the column of 4 per cent., opposite to 7 years, we find 
16661. If then 190/., now lent, were to be repaid by instalments in 
seven years, the first instalment a year hence, so as to allow compound 
interest at 4 per cent., then each instalment should be 16°661/. 

Table IV. gives the amount of 1/. improved at compound interest 
. during a number of years. Thus opposite to 11 years in the column 
of 3 per cent. is found 1°38423, meaning that 11 in 11 years, at 3 per 
cent., amounts to 1°38423, and 100/. to 138°423/. 

Table V. gives the amount of an annuity of 1/., as it will be the 
moment after the last payment has been made, if the preceding pay- 
ments have been allowed to accumulate. Thus in the column of 3} 
per cent, under 27 years, we find 43°75906, so that the proceeds of an 
annuity of 100/. for 27 years, allowed to accumulate at 34 per cent., 
will at the last payment have realised 4375°906l. 

The following equations show easy means of verifying any one of 
these tables by another, Let 1, 1, 10, Iv, Vv, represent the results of 
~ five tables for some one number of years, and rate of interest, 

en 

I+7rxm=1 
Iv—rxv=l 


ft xw=1 
uxm=1 


Interest, a8 payable upon a debt not discharged on the day it 
becomes due, is unknown to the Common Law, payment of such 
interest being still rather the exception than the rule. Some debts it 
is true interest by the custom of merchants or traders, being 
those constituted by bills, and since the statute of Anne, by pro- 
missory notes. But unless there is an express agreement to such effect 
between the parties, debts do not carry interest at all. This uncom- 
mercial rule of law led to the statute 3 & 4 Will. IV.,c. 42, which 
enables a jury, if they think fit, upon all debts or sums certain, to 
allow interest to the creditor, at a rate not exceeding the current rate 
of interest, from the time when such debts or sums were payable, if 
payable by virtue of a written instrument at a certain time; or if 
payable otherwise, then from the time of a demand of payment in 
— so as such demand give notice that interest will be claimed 
from the date of such demand, This statute also empowers juries to 
give damages, in the nature of interest, in respect of the detention or 
a jation of gooda. By 1 & 2 Vict., c. 110, judgment-debts carry 
interest at the rate of 4 per cent. per annum from the time of entering 
up the judgment, Legacies are payable at the end of one year after a 
testator’s death, and from the end of that year carry interest at the 
rate of 4 cent, per annum; unless the testator has made special 

ions in his will as to the time of payment and the rate of interest, 
See farther, Aynurry, Borromny, Usury. 

INTERFERENCE is a term used to express the mutual influence of 

two streams of light, or series of pulsations of sound, or, generally, two 


‘| amounts to that bel to 


paid at the end of every year from this time for 20 years, is now 


refrangibility of the light, and decreases in magnitude 

er ne Prheboeortrserpehs wheter | 
Mobb Gi anid tion! of vefrangibility " posed 
presents the phenomena of interference i df the 


other refrangibilities; and the circumstances erenc 
page aaron rae by the value of the fundamental constant belonging 
to the particular kind of light,a value which, as we have seen, changes _ 
from one colour to another, a maximum of illumination as one 

part of the 5; may coincide with a minimum of ill 
regards another. .Thus, alternations of colour are observed, and not 
merely alternations of intensity, and by the time the difference of path 
7th or 8th maximum for mean ra 
the colours are so mixed, that the result is sensibly white ligh 

uniform intensity; though, if the interfering light is 
prismatic analysis, the interference may be traced up to a f 
path amounting to many thousand times the value of the fundamental - 
constant, 

The idea we attach to the fundamental constant on the 
notion we form of the nature of light. The theory of undulations ~_ 
alone affords a simple and clear explanation of the phenomena of 
eR and is competent phos the Ppagpvin of the a a 
of optics in its present state. . According theory, the two — 
streams consist of two perfectly similar series of undulations L 
in the ong: ade which in this the gery neeet — 
According to the general dynamical principle o; coexistence of 
small motions, the disturbance which one series will produce 
ce Sal are mate a ae 
not agita y the other series. t ° : r : 
front of the same wave belonging to each series will arrive Pip og brs a 
moment at the same point of the ether, and the displacement of the — 

icle will be the sum of those due to the series taken pp marl a 

e same will still be the case if one series be in advance of the other — 
by one, two, or any exact number of wave's lengths. If, however, one 
series be in advance of the other by just half a wave's length, or 3 
odd multiple of half a wave's length, the di ts fries shen 5 : 
produced in the ether by the two series respectively 
in opposite directions, and the actual displacement will he 
difference of the two displacements, or zero in case the two are equal, 
—that is, in case the two streams are of 6 prea nary b 
the phenomena of interference admit of the simplest explanation ; 
short, the fact of interferénce, ‘as well as its laws, might have been 

redicted from the fundamental principles of the undulatory Sosy 

fundamental constant above mentioned evidently represents h 
the length of a wave of light, F RD 

If a portion of the path of either stream lie in glass, or other refract- 


ratio 

refractive index to unity, it follows that the interference must 
place as if the stream had described a longer path in air in the above _ 
ratio, - This agrees with observation. . 

The laws of interference were applied by Dr. Young to the explana- 
tion of the colours of thin plates, and to various phenomena of 
diffraction [Dtrrraction], and come into incessant use in the expla- 
nation of the phenomena of light. It will be sufficient 
mention a fundamental op twats of Fresnel’s, which is eas 
repeated. Its fundamental depends upon the cireun 
that in this case the interfering streams neither graze 
diffracting bodies, nor are reflected from thin plates, but simply 
two ordinary mirrors, 

Take two pieces of plate glass, 3 or 4 inches each way, having 
clean edge (that is, pretty free from chipping), and varnish the 


bs 


i 


EE 


80.08 to stop the reflection from the second surface. On a block of 
wood place 6 balls of kneaded wax, and on the balls place the pieces of 
glass, with their clean edges in contact, so that each piece rests on 
three balls. By pressing on the balls adjust the mirrors so that their 
planes make a blunt angle, pointing inwards, of say 1794°.. Great care 
must be taken that neither piece juts out above the other, as the 
experiment will fail if the mathematical line of intersection of the 
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Ores eres frome She eee, in contact. - 4 
ittle jutting easily rid of by gently squeezing wax. Now 
reflect the ‘sun's light ih a davies soon. eet through a lens 
of ‘short focus ( 3 inch) placed in the window. A second lens. 
tomy UA GAGE Wh A liltle ‘distance in cane the foedl lehath of the first 
be not short enough to give a sufficiently small i of the sun. 
diverging from the image of the sun be reflected, at the 

distance of a few feet, from the mirrors, at any conyenient angle, and at 
the distance of a few feet. from the mirrors examine with a lens the 
doubly bright portion of the field where the two reflected streams mix. 
This will be seen traversed by a series of fine bands, called fringes of 


the system, and also by their position, as they are alwa: icular 
tthe ine Joining the vo vital images formed by the ligt elected 
from the two mirrors respectively, and therefore run obliquely across 
the doubly illuminated portion of the field when the mirrors are 
adj so that the line of intersection of their planes is oblique to 
the edges in contact. Instead of the mirrors Fresnel used also a flat 

with a very obtuse angle, the fringes in this case being formed 


the transmitted light. 
fringes follows at once from the principle 
of interference. The length of the path of either reflected stream is 
Wie Weis ah if dis light cams from the ing virtual image of 
the luminous point. We may suppose therefore that we have two 
perfectly similar series of waves starting simultaneously from the two 
virtual images ively (which we may call 1, 1’), and mixing 
within the wedge-s! portion of space w the reflected streams 
i plane bisecting 1 1’ at right angles will be equi- 
and 1’, and therefore at any such point the two streams 
will , and that for light of all colours. For any particular 
“Of light the two streams will again conspire at a point whose 
distances from 1, 1’ differ by A, 2A, 3A, &c., A being the wave-length for 
of light. Ths Wawa cb ack &, Gaink wall evidently be a 
iyperboloid generated by the revolution round r1’ of a hyperbola having 
I, I for its foci, and A, 2a, 3A, &c., for its transverse axis. Along the 
gst oI a whose transverse axes are 4A, 9A, &c., the 
two streams will be in perfect opposition, and will completely neutralise 
each other. On account of the excessive smallness of A (which varies 
from about the one forty-thousandth to the one sixty-thousandth 
of an inch in passing from the red to the violet), a section of 
hyperboloids by a small plane at the focal distance of the eye-lens will 
not sensibly differ from a series of equidistant lines 
plane first mentioned. Hence any one kind of light forms a system 
of parallel bands alternately bright and dark, but the scale of the 
decreases from the red to the violet, so that beyond a moderate 
from the central bright fringe, which is common to all the 
colours, the obliterate each other by overlapping. 

We have seen that the phenomena of interference are by no means 
confined to light. The beats for instance heard when two musical 
notes are very nearly but not exactly in unison, are a phenomenon of 
interference of sound. For the description of a very elegant experi- 
ment rendering the interference of sound a matter of ocular ox aM 
tion, the reader is referred to a paper by Mr. Hopkins, published in 
the 5th volume of the ‘Transactions of the Cambridge Philosophical 


yf . 257. 

ERIECTIONS have been defined to be “ words used to express 
some passion or emotion of the mind,” as exclamations of joy, grief, 
astonishment, &c. Interjections however can hardly be considered as 
a distinct of Stag but are more properly natural sounds com- 
mon to men w laughing, in pain, . Many words, such as 
malum, macte, profecto, &c.,in Latin, and adieu, welcome, &c., in Eng- 
lish, which have been considered as interjections by grammarians, 


: 
i 
E 
: 


be to be as verbs, substantives, adjectives, or adverbs. 
TERLOC RY (inter, between, and loquor, to ) a term 
applied to those judgments, decrees, and orders of courts of law and 


uity which are made in the Kp of a suit before final judgment. 
Thus, orders for the uction of papers, for taking an account of the 
dealings out of which the di ute arises, are interlocutory orders or 
decrees. Those judgments which, though they establish the right of 
the plaintiff, leave the amount of to be ascertained by a jury, 
are es, but incorrectly, termed interl judgments. 

bSergeghs nc hte = pbs music for the organ, seldom 
exceeding a few ; ly uced ex tempore, and played after 
each stanza, except the of the metrical psalm. This, oxeh merely 
for the purpose of giving breathing time to the singers, should always 
be short and grave, and in keeping with the psalm tune, 

Interlude is also the name for a stage-play, among the earliest of the 
productions of English dramatic literature. It belonged originally to 
the class of “moralities,” and John Heywood, in the time of Henry vil IL, 
was the first to free it from allegorical materials. In modern times 
the name has been still further extended, and is often applied to a 
short dramatic pi ‘ormed between two others, 

I , the burial of a dead body in the earth. The manner 
of ip ge 4 of the bodies of the dead has varied in different nations ; 
but most general modes have been interment in the earth and 

ARTS AND SOI, DIV, VOL. Iv. 


burning on a funeral pile. The practice of burying is probably the 
oldest mode, and with most nations has been the ordinary mode of 
sepulture; but the custom of burning the body, and afterwards col- 
lecting the ashes and depositing them in a tomb or urn, became very 
goes among the Greeks and Romans. Among’ the Greek nations, 

owever, both the burning of the dead and the interment of dead 
bodies in the earth were practised. The Romans in the earlier periods 
of their history certainly buried their dead. It is recorded that Sulla 
was the firsi member of the Cornelia gens who was burnt. The 
Egyptians do not seem to have ever adopted the practice of burning 
the dead ; and though, as we have observed, burning became conimon 
among the Greeks and Romans, it seems that interment was always 
practised by the lower orders among the Romans. At Rome, bodies 
were sometimes buried in pits (puticuli), or thrown to decay in certain 
unfrequented places. (Varro, ‘ De Ling. Lat.’ v. 25; Horace, 1, Sat. v. 
8, &c.) Tacitus (xvi. 6) speaks of the embalming and interment of 
Poppa, the wife of Nero, as a deviation from the general practice. 
The practice of burning the dead appears to have gradually gone into 
disuse under the Empire: and probably it was never practised by the 


A constitution of the Emperor Justinian (a.p. 537) regulated the 
expense of funerals in Constantinople. The constitution refers to 
prior legislation of Constantine and Anastasius. The object of the 
regulation is well expressed in the following words :—It was to “ secure 
men i the double calamity of losing their friends, and at the 
same time incurring heavy pecuniary liabilities on their account.” 
Provision was made for securing interment to each person free of cost, 
and for protecting the surviving friends from the extortion of those 
who buried the Funds were appropriated for the purpose of 
interment, which was conducted by persons appointed for the purpose, 
and with decency, but at little cost. All persons were to be buried 
alike, with some small allowance in favour of those who wished for a 
little more display at their own cost; but even this additional expense 
was limited; and it is said, “ thus there will be nothing undetermined ; 
but both those who wish to have funerals on a moderate scale will 
enjoy the advantages of our rule, and those who wish for more liberal 
arrangements will not be mulcted heavily, and will be enabled to show 
their liberality at moderate cost.” The whole constitution is very 
curious ; but a full explanation of it would require some labour. The 
objects of it have, however, been sufficiently stated here. The means 
by which they were accomplished would not be suitable to this country. 
(‘ Novell,’ 59.) 

At Bombay, says Niebuhr (‘ Reisebeschreibung,’ &c. ii. 50), “the 
Parsees have a peculiar manner of interring their dead. They do not 
choose to rot in the earth like the Jews, Christians, and Mohammedans, 
nor be burnt like the Indians; but they let their dead be digested in 
the stomachs of birds of. prey. They have at Bombay a round tower 
on a mountain at some distance from the city, which is covered on the 
top with planks. Here they place their dead, and after the birds of 
prey have eaten the flesh, they collect the bones below in the tower, 
and the bones of the men and women in separate vessels.” Herodotus 
(i. 140) says of the ancient Magi, that they never interred their dead till 
they were torn by birds or dogs. In Herbert's ‘Travels’ (ed. 1638, 
p- 54), there is a representation of one of these Parsee towers. Some 
nations have eaten the aged, and also killed and eaten those who were 
attacked by disease, and thus anticipated the trouble of interment. 
This revolting practice is established on sufficient evidence. (Herodotus, 
i. 216, iii. 99; ‘London Geog. Journal,’ ii, 199; Barras, in Grog. 
Div.) Dr. Leyden states that the Battas frequently eat their aged 
or infirm relatives, as-an act of pious duty. The Battas are not a 
ferocious, but a quiet and timid people. Niebuhr says in a note to the 
extract given just above, “ At Constantinople I heard, that in the 
southern part of Russia there is a people who think that they can 
show to their dead friends and relations no greater honour than to eat 
them. So different are the opinions of mankind.” 

These are, however, sin; exceptions to the general practices of 
all nations. Among the Europeans, and those descendants of Euro- 
peans who have settled in parts beyond Europe, the interment of the 
dead in the earth is the universal practice. It was proposed, indeed, to 
revive the practice of burning during the French revolution, but the 
proposal was not adopted. It has also been the practice of all nations 
called civilised, and perhaps of most nations called barbarous, to treat 
the dead with decency, and to accompany the funeral ceremony with 
religious rites. 

e places set apart for the burial of the dead are generally called 
cemeteries, which is a Greek term signifying “a place of rest or sleep,” 
and was applied to common places of interment by the early Christians. 
Among the Greeks, cémeteries were perhaps always without the cities. 
Among the Romans, the tombs were generally placed by the sides of 
the public roads. It was an enactment of the Twelve Tables that a 
dead. body was not to be buried or burnt within the city (Dircksen, 
‘Zwolf-Tafel Fragmente,’ p. 657). The prohibition against burning 
in the city is supposed by Cicero to have been made to prevent risk 
from fire: the reason for interment not being allowed within the city 
is not stated. A regulation of the Twelve Tables appears to have 
limited expenses at funerals (Dircksen, p. 665); anda law to the same 
effect was passed in the time of the Dictator Sulla (Plutarch, ‘ Sulla,’ 
c, 35). 

30 
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The carly Christians followed the custom of the Romans in burying 
outside of cities ; but they afterwards transferred their burial-places to 
the vicinity of the churches and within towns, where they have con- 
tinuedt o be generally situated up to the present time, the churchyard 
being the usual place of interment, though, when the church is sur- 
rounded by houses, it is by no means a fit situation ; for the putrid 
exhalations arising during the decomposition of animal bodies are in- 
jurious to health, and pe of giving rise to, or at least of encouraging, 

e progress of various pestilential diseases, of which the most common 
in this country are low nervous oy aghedite In all grounds used 
for interment low wet places should be avoided, and care should be 
taken that bodies are not interred near wells or rivers from which 


page are supplied with water, 

e subject of interment  pecesry considerable interest in a legal 
point of view, for it is often of great importance to determine how long 
a body has lain in the ground; and by observing the which 
naturally take place in bodies at different stages of decomposition, it is 
possible in some cases to determine whether certain marks are the 
result of decomposition, or the remains of injuries inflicted before. 
death. 

The subject of interment attracted much attention in England for 
many years, and a great amount of information was collected by a 
special inquiry, of which the report was published by Edwin Chad- 
wick, Esq. The report contains, in addition to the evidence on the 
injurious effects of crowded burial places, much yaluable information 
on the injury to health caused, particularly among the poor, by the 
delay in interments, Among the poor in some parts of London the 
average time that a body is kept is about a week, which sometimes 
arises from inability to raise money for the funeral expenses, as well as 
other causes ; and where there is only a single apartment, the dead and 
the living occupy it er, injurious consequences to health 
from the presence of a dead body, sometimes in a state of rapid decom- 

ition, in a small ill-ventilated apartment, and particularly when 
Feath has been the consequence of i it disease, cannot be dis- 
puted ; and the moral effect on the living is demoralising. The expense 
of funerals is another head which is examined in this report, where it 
is well remarked that “ the expense of interments, though it falls with 
the greatest severity on the poorest classes, acts as a most severe 
infliction on the middle classes of society.” The cost of interment in 
London varies from 4. for a labourer, to 1000/, for a gentleman; for 
persons of the condition of a gentleman it is stated that 1501. would be 
a low average. But these charges do not include anything except the 
undertaker’s bill. The account of the details of an expensive funeral, 
“ which is strictly the heraldic array of a baronial funeral, the two men 
who stand at the doors bags Rey posed to be the two porters of the 
castle, with their staves in black,” &c., is ludicrous enough; but the 
disposition to laugh is checked by considering the pecuniary embarrass- 
ment which this absurd display often entails on the survivors. 

The recognition of the numerous evils attendant on the usual church 
and churchyard interments, led, in 1852, to the passing of the Act 
15 & 16 Vict., cap. 85, ‘to amend the laws concerning the burial of 
the dead in the Metropolis ;" and this was followed in the succeeding 
year by the Act 16 & 17 Vict., cap. 134, for extending the provisions of 
the Act of 1852 to beyond the metropolis, in England and Wales. 
Many other Acts for extending the powers or for regulating minor 
details have followed.* In 1855 the 18 & 19 Vict., cap, 68, extended 
the measure to Scotland, and the 19 & 20 Vict., cap, 98 (in 1856), to 
Ireland. 

By these Acts intra-mural interments are rapidly being discontinued. 
In all towns or poor-law unions burial boards are constituted, with 

powers to raise funds and provide cemeteries in proper places, to regu- 

te fees, &c., and to keep the burial-places in aeet order. The 
secretary of state for the Home department has the power of pro- 
hibiting interments in any intramural burying-ground which he ma: 
deem injurious to the surrounding community, inspectors are pal | 
and a system of extra-mural, interment is extending itself throughout 
the United Kingdom. No large towns in land, and few small ones, 
are now without one or more cemeteries, selected with rd to con- 
venience and their sanitary qualifications; and it is stated that much 
improvement has been already effected alike in the position and character 
of the sites selected for the interment of the dead, and in the mode and 
ex of conducting funerals. 

NTERMITTENT. [Feven.] 

INTERNAL and EXTERNAL, geometrical terms applied to the 
angles made by the sides of a bounded figure, The angle made by two 
sides is an internal angle; that made by a side and a side produced is 
an external angle. 

INTERNATIONAL LAW. This term was-originally applied by 
Bentham to what was previously called the “law of nations,” and it 
has been generally received as a more apt designation than that which 
it superseded. When the term “law of nations” was in use, that of 
“ law of peace and war” was sometimes employed .as a synonym, and 
as indicative of the boundaries of the subject. It was thus in its 
proper sense restricted to the disputes which governments might have 


* These have been collected, with notes and explanatory remarks, under the 
title of ‘Burial Acts, Metropolitan and Provincial,’ &¢., by J. J. Scott, Keq. 
(Knight & Co., Fleet Street). 


with each other, and did not a apeind  Ahe uestions between 
sub; of different states, arising out aT of the states 
with regard to each other, or out of the divergences in the internal 

of the separate states, eee ee ne tame Cacenire i 


national law, the whole of these subjects, intimately 


each other as they will be found to be, can be comprehended and 
distinctions exclusions are 


examined, and thus several arbitrary : 

saved. To show how these subjects are interwoven, the ‘tae 

instances are taken ;—A port is put in a state of blockade ; a vessel 

war of a neutral power breaks the blockade : this is distinctly 

tion between nations, to be provided for by the law of peace and war, 
on 


in as far as there consuetudinary rules on the subject, and 
partion ‘will subspss $0 em. Le 


rules guide the judicature of that country, and not on any q) 

settled between contendi powers, whether any respect will to 

what the party can plead in his 

comity of nations, or otherwise. But there is a third class of cases 
tely linked wi hich 


are 
independent of any treaties, declarations of war, or other acts 
nations towards each other. They arise cctively’ cnt Of tho tatacnal 


w of 
that country; or, an inquiry in Scotland whether a marriage has taken 
place according to the law of England; in either of which cases there © 
will generally be the further and nicer question, Which country’s law 
ought to prevail as the criterion ? 

Thus the three leading departments of international law are— 

RS The principles that should regulate the conduct of states to each 
other. 

2. The principles that should regulate the ri a and, obliestioas of 
i isi plligs fob nie fe ph cept y j 


The first of these has been the petncignl sobjent of the well-known 
works of Grotius, Puffendorf, Vattel, other publicists, who have 
derived from general pendrin of morality justice a series of 
minute abstract rules for the conduct of nations towards each other, 
and subsidiarily for the conduct of their subjects in relation to inter- 
national questions, 

It is clear that thus in its large features, as a rule for the conduct of 
independent communities towards each other, the law of nations wants 
one essential feature of that which is entitled to the term law—a 
binding authority. Nations even the most powerful are not without 
checks in the fear of raising hostile combinations and otherwise ; but 
there can be no uniformity in these checks ; and in general when the 
interest is of overwhelming i ce, and the nation erful, it 
takes its own way. The importance of the questions whi¢ 
involved in the law of nations thus materially affects the question 
far it is uniformly obeyed. In many minor questions,—such as the 
safety of the persons of ambassadors, and their exemption from respon- 
sibility to the laws of the country to which they are accredited, and 
other matters of etiquette, a set of uniform rules has 
established by the practice of all the civilised world, which are 
infringed. But in the more important questions,— i 
justifiable ground for declaring war ? what territory a nation 
to the sovereignty of! what is a legitimate mode of conducting 
once ? &,—the rules of the publicists are 
enough; but the practice of nations has for far from 
has been, as every reader of history knows, influenced by 
strength of the disputing parties more than by the justice of 
cause, The later writers on this subject haye this circumstance 
directed their attention more to the means by which any system of 
international law can be enforced, than to minute and abstract state- 
ments of what may be theoretical justice, but has little chance of 


being 
justice, though of 
ty and 


it 


i 
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an influence in the 
course no sanctions which can give it the uniformit; 
of internal laws. 

The combinations for the preservation of what is called the Balance 
of Power [BaLaycr or Powxr] are among the most useful restrictions 
of ambition. All periods of history furnish illustrations 
principle. Hume found that the Peloponnesian war was carri 
the preservation of the balance of power aeons Athens. 
with the French Republic and Empire exhibited a 
of combination to preyent universal conquest on 


par gecch jai 
noted illustration 
the part. of 
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aques- 
war, 
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The late war with Russia exhibited a similar attempt to 
prevent the aggrandisement of Russia at the of Turkey. The 
safety of small states from being absorbed by larger neighbours 
thus lies in the jealousy which their neighbours feel of each other's 
aggrandisement. So the jealousy of rulers is one barrier to national 


i i a despotic governm 
spirit of its rulers; but public feeling of the constitutional and 
democratic states is the great check on the injustice that might be 
by a nation when it becomes so powerful as Great Britain. 
seizure of the Danish fleet by the English during the war with 
Napoleon has been a subject of warm censure. Necessity—even the 
plea that Napoleon would have used the fleet to invade our own shores 
not been accepted in palliation of the act; and the manner in 
it has been canvassed is very likely to prevent any government 
from adopting the precedent, The partition of Poland is an instance 
of national injustice condemned by the public feeling of countries other 
than those by which it was ted; and it may be questioned 
whether the states which accomplished the partition may not yet suffer 
fame in the community of nations is like respectability 
private circles, a peconball ae through external support; and 
conduct of Russia towards Poland has frequently diverted from the 
the dag of free nations. It need scarcely be observed 
fugitive or t,is the most powerful 
public i cao the views of able historians, 
jurists, and moralists, have much influence in the preservation of 


aggrandisemen 
resistance offered by one state to the claim of another, than the desire 
to what is demanded. In such a case the national pride is not 
inj when that which is yielded to is the award of a neutral party, 
Tt 


opponent. rechee mans mpurabd 
and Mill that the civilised states of the world sh’ establish among 
themselves a congress, which should adjudicate on all disputes between 
its members, the members being excluded from voting in their own 
isputes. 


"The Second 


ent into which international law is divided— 


the rights and obligations of individuals as affected by the conduct of 
states towards other—has, like the first, been examined by the 


publicists in their theoretical manner; but it has never, perhaps, 
received so much practical illustration as it did in the British courts, 

ly the Prize Court, during the war with France. In a 

country it would of course scarcely ever occur that the bench 
should fail to give effect to the national policy of the government, 
whatever that may be. But in England it was the rule that foreigners 
as well as natives were entitled to the rigid administration of the law, 
and that, if the proceedings of the government were at variance with 
the rights of parties according to the law of peace and war, individuals 
might have redress. Thus, when Great Britain, in opposition to the 
Berlin decrees, tried to establish a “ paper blockade,” that is to say, by 
force of orders in council to declare places to be under blockade, 
whether there were a force present to support it or not, Sir William 
Scott found that “in the very notion of a complete blockade, it is 
included that the besi force can apply its power to every point in 
the blockaded state. it cannot, it is no blockade of that quarter 
where its er cannot be brought to bear.” 

It has frequently been observed, that as to all departments of the 
law of nations, uncivilised countries are at the mercy of the civilised : 
that not having any means of reci ing the action of international 
laws, from their having no systematic judi ies of their own, they 
have not even the frail tenure of generally received opinions as to 
what the conduct of independent nations towards each other ought to 
be, for their ion. This is in some measure true, If a weak 
civilised nation, which can eloquently appeal to the law of nations, is 
feebly protected against the injustice of a strong nation, still less etfec- 
taally is a barbarous community, which never heard of international 
law, and knows not how to appeal to its acknowledged principles, pro- 
tected by it; and, in regard to such communities, the humanity and 
conscience of the powerful nations coming in contact with them are 
their ion, rather than any rules of international law. Thus 
when, as in the instance of a colonial government or otherwise, such a 
nation as the British has to deal with the inhabitants of a barbarous 
country, it cannot be said that these inhabitants have the law of 


nations to tee to if they are unjustly treated, and there is no 
security for their being well and humanely used but the morality and 
conscience of the British nation and its government. How far 
civilised nations had in former times sgh oe feelings of common 
humanity in their intercourse with inferior races, the history of 
colonisation, and especially that relating to the continent of America, 
is a horrible record. In later days higher notions have been enter- 
tained of the responsibility of superior power, and the civilised man 
has in some measure ceased to make his first advances to the notice 
of the barbarian in the character of a murderer and a pillager. 
England has in this improved morality so far advanced before other 
nations, as to be the r of barbarous races from the oppression 
of others, in her efforts for the abolition of the slave trade and the 
preservation of aboriginal nations. These efforts, in so far as they are 
an anomaly in the general conduct of nations, have introduced some 
an exceptions to the rules of international law applicable to the 
rights of persons. This has consisted in the necessity of treating those 
who are injured by the slave trade, namely, the slaves carried off, as if 
they were subjects of this country subjected to injury, ‘while the 
deporters have ikewise been of necessity treated in the general case as 
if they were subjects of this country doing the injury. The effect of 
this state of matters, as an exceptional principle in international law, 
sometimes occasions difficult questions. In one case a foreign slaver 
had been captured and taken possession of. The crew rose, and 
putting the captors to death, recaptured the vessel. They were tried 
and condemned tv death for murder in an bg arp court ; the judge 
refusing to admit the plea that, as the capture taken place under 
our laws, not their laws, they were entitled to regain possession by any 
means which they chose to adopt. He held it right, in fact, to treat 
the ship as a prison, and the captured seamen as persons in a British 
prison. On the question, however, coming before the judges, the con- 
viction was quashed, the ground of reversal being, that the vessel not 
haying slaves on board was not liable to seizure. In those cases where 
it is necessary to diverge from the general principle of international 
law, for the protection of the weak, it is fortunate that the humane 
mctkege “ge motive of proceeding is a guarantee for its being 
iy 


exercised. 

The rights of individuals have sometimes been so much affected by 
the conduct of nations towards each other, that their own nation has _ 
been induced to make war against the nation aggressing. This has 
twice occurred in our intercourse with America: one war was caused 
by our restrictions on the commerce of America by the orders in 
council; another by our searching American merchant vessels for 
British seamen. This subject of “ the right of search,” as it is termed, 
is still in an unsatisfactory and unsettled state. 

The Third division of international law is that which most properly 
comes under the Pa dente on As Laws,” namely, the principles that 
ought to regulate ights and obligations of private ies when 
they are affected by the separate internal codes of distinct nations. 
This involves questions with individuals, and not, at least in the first 
instance, questions with states; and the adjustment of each question 
depends on the view taken by the law of the country to which the 
individual or his property is amenable. But it has this distinctive 
feature, that the circumstances under which disputes arise are not in 
the conduct of one nation towards another, but in differences between 
the internal laws of the countries, which internal laws disagree, not 
because the one nation has a dispute with the other, but in the general 
case because its legislators have taken its internal situation solely into 
consideration, and have overlooked the existence of other nations, 
There can be no fe of the world where this ies of international 
law can be'so well illustrated as in the United Btates—a collection of 
communities, each having an internal system of administration, but 
each acting on principles of harmony and alliance with the other 
states of the Union. It is thus natural that America should have 
produced the best work on the subject, in Professor Story’s ‘Com- 
mentaries on the Conflict of Laws Foreign and Domestic, in regard 
to Contracts, Rights, and Remedies; and jally in to 
Marriages, Divorces, Wills, Successions, and ents,’ of which 
two editions are now known and esteemed in this country. The 
leading rule of international law in this department is, ri each 
civilised nation is to give efficacy to the laws of another country, 
unless its own laws or the general principles of justice are thereby 
invaded. We have the broadest and most distinct illustrations of 
this rule in the criminal law. The progress of opinion has lately 
been in favour of each nation rendering back fugitive criminals, to be 
dealt with according to the law of the country where they have com- 
mitted any private crime against person or property, In conformity 
with this principle, treaties have been made with several states, for 
enforcing which, in this country, acts of parliament have been passed 
enabling the secretary of state, on the requisition of the ambassador 
or other representative, to issue a warrant to magistrates to seize a 
person accused of a crime, a magistrate being enjoined to put it in 
a on = Reet satisfied that the charge is of such a nature as 
we authorise him to commit a person charged with perpetrati 
it in his own jurisdiction. [Convention Trearins.] Bed 

But it has been a rule in many countries, and particularly in our 
own, that no aid is to be given for the enforcement of the political 
laws of foreign states. hence as in other branches of international 


Po 


INTERPLEADER. 


law, our enlightened on the subject of slavery have here 
been ing difficulties. ith slave- countries 
slavery comes to be a question of property, but with us it can only 
be a question of government ; and we cannot view rules i 

of which, when held to be criminal in the slave-holding country, must 
be so also here. Accordingly in the celebrated case of the Creole, in 
British settlement, it was found that we could not them back to 
their owners as robbers who had with violence stolen their own 


the cause of 
property in slaves as laws ing to private ri aay ater 
1841, when certain American slaves escaped and found protection in a 
persons from the 


custod: ape aa aia 
lhe om shh one. band the sechaial w is that to which this depart- 
ment of international law most broadly and disti applies, on the 
other hand the position of real or is that to which it 
has least reference. The reasons of this distinction 


are obvious: his own personal conduct is that object of the law 
which a man. most pletely carries about from one country to 
another ; his connection with landed property is the relation in whi 
a tribunal out of the country in which the property is, can have the 
least chance of adjudicating.. Between these extremes there are 
aesiene segietion penne io Mbnir valeticas 00 sank coher, sel Tae 
ing contracts as to moveable or personal property. It came thus to be 
a general principle, that rights connected with landed property must 
always be settled by the law of the place where the land lies, while 
questions regarding other re might be subjected to other 
criterions of jurisdiction. SS historical circumstances inthe 
early of the European nations favoured this division. The 
various tribes which occupied the territory of the Roman empire 
to have carried with them their own peculiar laws and customs. 
( vigny quotes a letter from Bishop Agobardus, in which he says it 
often happens that five men, each under a different law, may be found 
walking or sitting together—a state of society at this day exemplified 
in some oriental nations.) Among all these distinct tribes the feudal 
arose as the general and uniform territorial law; while by’ 
reason of circumstances which need not be here narrated, the civil 
law became the ruling principle as to persons in their relation to each 
other when that relation was not of a we ae of Manual tees tone 
d from 


of the civil law (the portion of it 
countries being the ban 
ly adapted i commerce, 
The conflicts of laws between Eng’ are to us of 
course the most important and interesting. The coi i law of 
England has perhaps fewer principles in common with that of Scotland 
the latter has with the law of any other country in Europe; and 
‘divergence has been the cause of many difficult questions. In 
the law of marriage and that of succession have been particularly 
In the former the difference between the institutions of the 
two countries, when subjected to the principles of international law, 
been productive of very remarkable effects. On the subject of 
succession fortunately a series of decisions in both countries has 
two very im) t principles—that in the case of landed 
property it follows lex rei site, or the law of the place where 
the property is; while in moveable or personal property it follows 
bre! ‘eg domicilii, or law of the domicile in which the person leaving 
tdi 
_ INTERPLEADER, the name of an action at law, and of a pfo- 
ceeding in equity. When a person holding goods, or owing a debt or 
duty, sued by two or ae eager yong. court x pico: aaags 
terplead upon the application o! y su upon 
8 wp liye Tang age Rac ggamah. 9 glen in dispute, and 
disclaiming all interest therein. The Sheriff when seized by 
him are claimed by some other person than the execution,debtor, may 
also interplead, to have the right ascertained. A similar is i 
use in the County Courts. 
INTERPOLATION. Every mathematical table consists of a series 
of values of some algebraical expression corresponding to equidistant 
values of the letter on which it depends. Thus, the most extensive 
table of logarithms in common use is a succession of values of log. 2, 
So he z= 10,000, z= ey ray pd and aoa ~ ver 
99,999. process of inte ion is of inserting in a tal nes 
of the tabulated function intermediate to those given in the table. For 
example, suppose that p, q, r, #, &c., are written in a table opposite to 
a,a +b,a + 2b,a + 8b, &c., and it isdemanded what is the value of 


the function ing to a + 24 0: this is a question of inter- 
on: ly be solved tely, but, 

8 & question can only solved approxima iy 
speaking, values in the table are themselves but appro ions, 


and the interpolated values are as correct as the tabular ones, Strictly 


The question beer: J 
a given number of points, 


ways, how many points soever 


ie 
bis 


points be near together, any 
pace Baad eevee ooo If equidistant abscisse of 
tabula with their ordinates, then the ordinates 
intermediate abscissw will be nearly the same for any 
Oi pees Wee oues foe pole belong to the tabulated 
Re Og len Salt 
eorem. [Drrrerence.] Let p,q, 1, 8, t, &., 
i Sy, &ec., and let 


ofa series corresponding to a, a + b, a + 
successive differences be formed, as in the following table : 


: 


H 


i 


: 


curve 


Be 


R 


a pei ctert Set ’ 
Ap 7 
a+b q A?p 
Aq Atp - 
a+2b)r A?q 
Ar A*q 
a+3b | s A?r ; 
As : ei 
Erba bs eae fe hig 


where 4p is g—p, &0., Atp is Ag—Ap, &. Then tho wth term 
reas tle cum are init 
n—l n—1ln—2 co 
ee halt Tai “Ae 


Thus ¢ isp + Ap, r isp + 24p+A%p, and s0 on. This series, which ho 

gives me vas he soousebly, il give Goa inher 

approxima’ tely, P, Ap, A*p, , diminish i rapid] * Thus, y making % 
‘rm which should Seahs oa't tata a 


ptnApin A’ p+é&e. (A). 


n= 4, we find the term stand 
table was made eet — as it now is, or, ey thteie say, 
bisected : if n=2, we term answering to a + 230, 80° 
So tollowing ite iestaioe 5 ° bes) 
Given the present value of 1,000,000/. 20 years hence, at 2, 4, 6, 
and 10 per cent.: to deduce from ce an at the rate 
of 44 per cent. Let it be observed, that from 2 to 44 is oneinterval 
and a quarter of the tables, or n=1}. er 


2 | 672971 
4| 456387 +7 
6 | 311805 ‘ie + 8705 ; 
8 | 214545 sma toe 
10 | 148644 ' 


We have taken this example to show, when the intervals of the 
tables are considerable, how slowly the differences diminish. The 


may io 9 
consequence is that only four places of the result will be correct. We 


have now 
p= 672971 Aip = — 24677 
Ap = — 216584 Atp= + 8705 ‘ 
A% = + 72002 a 


35 
2048 z 

672971 : 
< x — 216584 = — 270730 


5 


—— X 


82 
5 
7 x — 24677 = + 


wth n—2n—3 _ 
2 3 4 


<e 


72002 = + 11250 


964 


35 


———e XK 


2048 


149 


__ 


Answer 414604 
Correct Answer 414643 


The smaller the tabular interval, the more correctly will a given 
number of differences serve to make the interpolation, at co eae ae 


8705 = +. 


The most simple interpolation is that which takes first differences 
only into account, and is perfectly well known to every one who can 
ithmetical means. 


ing the third differences, and is 

Let p, q, r, and s Ce racpteye tareee'ct a table, 

let it be required to find the term intermediate between q and r, 

and r stand ite to « and x+y, required the term 
5 ia Gateniea teenie cane the pecans 


gtr +N—@ 48) | 
2 16 
Thus in the preceding instance— 

p=553676 9g+r=833276 

q=456387 p+s=865481 

r=876889  4)— 32205 

s=311805 4)— 8051 

— 2013 

4 (q-+7)=416638 

Answer 414625 


ple rule is equivalent to the use of the preceding 
p and its first three differences. It requires that two 
terms should lie on side of the term sought; but if it were 
required interval between p and q by means of p,q, r, 

4, the formula is as follows :— 


_5 (r—p)—(s—g) 
q ee aes (0) 


+ (B). 


F 


—. find the value at 34 per cent, from the preceding data, we 
ve— 
Sem EIST 


— 883935 

s—q= —144582 

5 (r—p)—(s—q) =4) —739358 
4)—184838 

— 46210 

q= 456387 

Answer 502597 

Correct Answer 502566 


The formula for the bisection of the interval of r and s by means of 
P, 4% %, and s, is— 


rede) «5 oy. 


accuracy of bisection is required, the following rule 
be equivalent to going as far as fifth differences, and taking foes 
table three terms on each side of the intermediate term required. 


Where extreme 
will 
the 


| the last m 


“eu ao. ae a 
7 7 = 
937 INTERPOLATION. INTERPOLATION. 938 
the preceding question on the supposition that the rates are 2, 3, 4, 5, Let the terms of the table be p, q, r,s, t, and u, the intermediate term 
and 6 per cent., in which from 2 to 4} is 2 intervals, or n=23. of r and s being required, 
2| 672971 P g r 
— 119295 iJ t 8 
3 | 553676 + ein niet serat 
_ _ z z—y)+3(x—z 
4| 45638 + + 838 Tnteranedh form + — FE os Be 
5| 376889 + As an instance, take from the article Ivrerest the logarithms to ten 
= places of 1:01, 1°02, 1°03, 1°04, 1-05, and 1-06, for p, g, 7, 3, t, and u, 
6 | 311805 neglecting decimal points and preliminary ciphers. 
ain Sa > ee | m—1ln—2_ 5 43213738 86001718 128372247 
eer Bins w Bo sw Baty nS" 253058653 211892991 170333393 
a—1n—2n2—3 _ 5 = 296272391 y=297894709 2=298705640 
Reg oe eg ae 298705640 297894709 
672971 — 2433249=2-2 z—y= 4)81093100 
5 3 20273275 
— x — 119295 = — 298238 — 7299747 — 7299747 
be 8)12973528 
> ‘x + 22006= + 41261 z= 149352820 8) 1621691 
5 50678 4) 202711-4 
: lil 4215=— 1317 Ans. °0149403498=log. 1-035 50677°9 
wi8 Pyro The formula (8) is sufficient to bisect the intervals given in the 
igs tot, BES * article cited. 
eax The following is the method by which the formula (a) may be 
Answer 414644 expressed in terms, not of p, Ap, &c., but of p, g, r, &c. Suppose 
Correct Answer 414643 this is to be done as far as the third difference, or in terms of p, g, 7, 
ands. Asstime for the function in question 


A (n-1) (n-2) (n-8) +B n (n-2) (n-8) +0 (n-1) (n-8) +D n (n-1) (n-2). 


When n=0, this should be p; but it then becomes — 6 a, whence a= 
—j}p. When n=1, this should beg; but it then becomes 2 8, whence 
ar ts Similarly c= —}r, and p=}s: or the function tabulated, 
within the given limit, is, so far as third differences can determine it, 


+(a~2)(n—) {Fa—"S } 


This method may be extended to the interpolation of intermediate 
values, when the given values are not equally distant. Suppose that 
according as n is a, b, or c, a function is p,q, or7, Assume for the 
function 

A(n—b) (n—c) +B(n—a) (n—c) +0 (n—a) (n—b). 
Then when n=a, we must haye a (a—b) (a—c)=p, or 


Pp q r 
4 = (@=5) (a—)* ® = (=a) 0—0)* °= (=a) C0" 


The followi rape will serve as an instance of the application of 

ut one. Suppose it required to interpose four equi- 
distant values between g and r in  gapeas P»@G 7, 8, using third 
differences inclusive, First interpose four arithmetical means between 
q and r, and let them be a, B, 0c, D: then interpose four arithmetical 
means between 3 ¢ —2 p—s, and 3r—2s—zy, and let these be 4’, 
B’,o’, and p’. Then the four terms intermediate between q and r 


must be ‘ 
A + xf54')B + sipB’, 0 + 450, D + gf. 
If it be required to interpose three equidistant values between g and 
r, using third differences, take p, q, 7, 8, and between g and r interpose 


three arithmetical means, a, B, and C; also between 3 ¢ — 2 p —s and 
3r—2s—p interpose means, 4’, B',and o’, Then the three 
terms required are 

A+ 44,B4+2h3,0+ 40. 


To interpose two terms, still with third differences, find two arith- 
metical means between 30 ¢g — 2 p —¢ and 30 r — 2s —p; the twenty- 
seventh parts of these means are the intermediate terms required. 
The interpolation of one term has already been given (B). 

When second differences only are , no material simplification of 
the fundamental rule can be given. To place & intermediate terms 
between g and r by means of q, r, and s, in k arithmetical means, 
and correct them as follows. Calculate (q+s—2r)+2(k+1)*, and 
call this a; then subtract from the sevéral means 


ha, 2(k—1)a,38(k—2)a,... (kK—1) 2a,ka, 


It would be a little more correct to let a be (p+r—q —s)+4 (k+ 
1)*, which in the case of a single intermediate term would amount to 
third differences. 
INTERPRETATION. (Mathematics.) This word is coming into 
use as descriptive of a process which it has long been customary to 
employ, though without any express name, When an algebraical 


839 INTERROGATORIES, 


INULIN. 


definition is laid down, there is frequently some restriction implied in 
the manner of making the definition, so that the process to which it 
leads presents more cases than can be explained by it, or were con- 
templated when it was made. For ey the abbreviation of a, aa, 


aaa, &o. [Exponent] into a, a*, a®, and the rules which spring from it, 
soon lead to such results as— 
a3; et, etie at; 


which, though they follow from algebraical processes, yet when the 
first arrive, are without algebraical meaning. In such a case, the pro- 
cess of interpretation enters ; the question is, What should such symbols 
mean ! have they a necessary meaning! if not, is there any meaning 
which will be more convenient than another? A definition has been 
laid down, leading to results which cannot be explained by it: re- 
quired the of the definition which will enable it to explain 
its own resulta. 

Examples are found in all works which explain the principles of 
algebra. The rule always is, let the interpreted meaning of the new 
~ peage be such as will make the whole of the process true by which 

ey were obtained. Now as they must have fom obtained by the 
application of those formule which are true of the intelligible results 
of the definition, the rule just mentioned leads to the following: let 
the meaning of the unintelligible results be such as will make the 
formuls of the intelligible ones true of them. Thus, in the preceding 
instance, the fundamental formula which connects the terms of the 
series a, a, a*, a‘, &c., is— 


a" x a*=qute 


which is intelligible when m and » are positive whole numbers, 
Suppose it now required to interpret @°: that is, to give it a meaning 
which shall make the preceding formula true of it. Write 0 instead 
of m and we have a® x a* =a°+"=a@",or @° must stand for 1, Again, 
suppose it required to interpret a!. In order that the i 
formula may be true of the meaning of a? , we must have 


aixai=aiticg! ora 


whence a! must stand for ./a. And similarly for other cases, 

It is interpretation which creates the distinction between algebra, 
as now known, and arithmetic with general symbols of number, or 
universal arithmetic. This we shall see in the article NEGATIVE aND 
ImpossIBLE QUANTITIES. 

INTERROGATORIES. [Egourry.] 

INTERVAL, in Music, is described by Dr. Robert Smith, in his 
* Harmonies,’ as “a quantity of a certain kind, terminated by a graver 
and an acuter sound.” Brossard has said the same thing in other 
words :— C'est la différence, ou distance, qu'il y a d'un son grave & un 
son aigu.” Agreeing in this definition, from c to pD is an interval of a 
2nd ; from ¢ to G an interval of a 5th; from c to Byan interval of a 
flat 7th, &e. Jager 

Intervals are simple when confined within the octave, compound 
when they exceed it, and are named according to the distance of the 
two boundary notes. Thus the interval of a whole tone (0 D) is called 
a 2nd; of a whole tone and a semitone (c £2), a minor 3rd, &c. 
Intervals, therefore, are considered as sounds, and hence are either 
consonant or dissonant; that is, concords or discords. [Concorp; 


910 
prs te agg Bag gece and this, I think, we may call intui- 
log tpi ile atigh ahaa 


they 

having rightly maintained that every step which the reason makes in 
-demonstrative knowledge has intuitive certainty, and that, conse- 
uently, the power of ing presu that of intuition, Stewart 
thinks that the intuition of implies the power of reasoning; or, 
at least, that intuition combined with memory explains reasoning. 
Here his usual sagacity appears to have failed Stewart. While the 
mind itself is perfectly simple, it has been, for the purpose of attaining 
accuracy of language and distinctness of theory, supposed to be multiple; 
and distinct faculties have been ascribed to it according as its several 
operations comprise more or fewer elements. , therefore, 
to his own account, reason, which involves the element of time, must 

be kept distinct from intuition, which does not involve’that element. 
The proper objects of intuitive certainty are identical propositions. 
This, of course, does not mean propositions verbally identical ; such as 
“aman isaman.” But while the object of thought is perfectly and 
always one, it may present itself to the thought under a variety of 
aspects, either dissolved into its elements or as combined into a whole. 


It is this identity under an apparent diversity that constitutes that 
original ancl peteeny SHieilG @haaic lalioes Sen ms, as 
soon as the ve terms are understood, to be intuit ‘7 


On the other hand, the apparent identity of a real diversity is 
ground of all sophistical argument. The ultimate form of legitimate 
argumentation is, a=b, b=c,.*.a=¢, But every fallacy, when 
detected, will invariably be found to be a=b + r, b=c,.°. a=e. 

sophistry consists in the suppression of the element r, either positive 


or negative. ; 

INULA HELENIUM (Elecampane), an indigenous perennial 
— ras Hs oa: ae agit, the i of which is used in 
medicine. i ick and ching, wn externally, white 
internally, with apbvers odour and a mucilaginous taste, at first 
bitter, afterwards sharp and camphor-like. In addition to m 
it contains a large quantity of a variety of starch termed inu 
Inulin exists in many other plants, and LS aes Se ee 
Alantin, Menzanthin, Elecampanin, D: , Datiscin. Inula helenium z 
also contains a volatile oil, a portion of which when crystallised con- 
stitutes the stearopten called Elecampane camphor; a bitter ex- 
tractive ; an acrid resin; some salts of lime, &c. 

These ingredients give it a tonic and stimulating property, and it is 

of mucous 


? 


i; 


} 
Discorp.} surfaces unattended with inflammation. It is, however, not much 2 
Examples of Simple Intervals, used, Having kept its place in popular favour from the time of the 3 
Ofadnd. Ofasrd. Ofabsrd. Ofafsth. Ofabsth. Ofan sth. earliest Greek writers, it cannot be deemed altogether useless. It 
3 .s ners 2s <= affords a ready substitute for the virtues of which are greatly 
— rho, 7 ir He | lessened by age, and can had fresh. The Jnula 
sgl Tg s formerly squarrosa, a plant not uncommon by the sides 
Examples of Compound Intervals. fields or roads in chalky districts, is deservedly es in the east of ; 
Of a 12th, or an 8th Of a 15th, or of two Europe as an antidote against the bites of vipers. It is remarkable 
Of a 9th, or an 8th and a Sth. octaves, that such an antidote has, in different parts of the world, been sup- 
Ps and « 2nd. — oe = _____| posed to be found in the tribe of Oomposite, such as — guaco, | 
oa mae ernonia 


oo 
== Tr iva 
it is a 

a - 


INTESTACY is either the dying without a will, or lew a will 
which does ae = “es - the a of the real or personal estate, 
There may therefore be either a general or a partial intestacy. 
INTONATION, in Vocal Music, is the tuning of the voice—the 
singing true or falsee—in tune or out of tune. Correct intonation is the 
first requisite in a singer; this wanting, all his other musical qualities, 
however good, are unavailing. 

INTRADOS and EXTRADOS, the lower and higher curves of an 
arch. The intrados of an arch is also called the soffit, The intrados 
and extrados are measured respectively along the inside and outside of 
the voussoirs. [Ancu.] 

INTUITION (intueri), the most simple act of the reason or intellect, 
on which, according to ke, “depends all the certainty and evidence 
of all our knowledge ; which certainty every one finds to be so great, 
that he cannot imagine, and therefore cannot require, a greater. For 
a man cannot conceive of a greater certainty than that any idea in his 
mind is such as he perceives it to be, and that two ideas, wherein he 

ives a difference, are different and not precisely the same.” 
is definition, or rather explanation, of intuition is as follows :— 
“ Sometimes the mind perceives the agreement or disagreement of two 


2 


Eupat ge agapana, Inula viscosa, Prenanthes serpentaria, 


neutral vegetable principle, resembling starch in many of 

it pty the root of x commen lala helenium), the 
tuberosus, the dahlia, and some other plants. The roots are reduced 
to a pulp, which is to be placed on a very fine sieve, and a stream of 
water is to be upon it as long as the latter is rendered milky; 
the inulin is then allowed to deposit; the Re tergen liquor 
poured off, the deposit is to be repeatedly ed with water till 
comes off perfectly limpid. 

Inulin when dry has the following properties :—It is a white brittle 
mass composed of crystalline grains, or else a fine and white powder, 
which adheres to the teeth, It is insipid, insoluble in cold water, but 
very soluble in boiling water; the solution is fluid, and not us J 
like that of starch, en it is very dilute, it does not become turbid 
on cooling; but alcohol, not being a solvent of inulin, precipitates it 
from this solution. When heated to above 212°, it melts, and is 
converted into a sweetish mass which is very soluble in cold water 
(pyro-inulin). Cold sulphuric or nitric acid converts it into the same 


su ce, 
Iodine renders inulin of a brown tint, which is fugitive. Lime- 
water, solution of tin, subacetate of lead, tincture of , protosalts 


INULIN, Dahlin, Alantin, Menzanthin, Datiscin (CHO vi a 
4 ’ 
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941 INVARIABLE. INVENTION AND DISCOVERY. 942 
of mercury, and salts of silver, do not precipitate the solution of inulin; | quality we have been describing, he stands (perhaps with one mighty 
tha nikal tee case kan thes Ac on parce ‘ ’ 7 exception) without an equal or a rival. 

Dilute boiling ic acid converts inulin rapidly into glucose;| The examples which may be most satisfactorily adduced in illustra- 


this effect is also proc when inulin is heated alone: the glucose 
produced undergoes the spontaneous fermentation when mixed with 


east. 

7 INVARIABLE (Mathematics), the same word in meaning as Con- 
STANT, which see, There are howeyer two sorts of constants, which it 
is desirable to treat under different names: the first, which we may 
call a constant, or a common constant, meaning a quantity which is 
absolutely invariable ; the second meaning a function which may vary, 
Tek which dies not yary in the processes required by a giyen equation. 
This we propose to call the invariable function of equation, or its 
invariable. 


ep Ps py teri oak saat, whieh menpenel Bes 
true of zw passes stages of magni Ww 
poy only invariable is an absolute invariable, or a common 
constant. But in an equation of differences, in which z only passes 
from one whole number to another, the invariable function is any one 
which remains unaltered by changing x from one whole number to 
another. Thus [Inrecratioy, Finite], instead of saying that the 
fen banat t 8 a=} (2° +4) whee 0M 9 constant, we may 
allow o to be any function of x, which is unaltered by changing x from 
one whole n to another. Such a function is $(cos. 2mr), so that 
the solution is 4(z*+z) +9 (cos. 2x), and the last term is the invari- 
able of the equation. 

Again, suppose it required to solve the functional equation ¢ («*)= 

One solution of this is ¢z=clog.«, where c is any absolute 

constant. But the equation is solved if c be a function of «, provided 
it be one which does not change when « is changed into z*, Such a 
function is 


cos, { ar “6: Moe } or any function of it, 


or ¢z=any function of cos. { an 28-108 * | x tog, 


Remmmlcestate ot Satine wyeisble fonctions, + tor se they hare 
yet been given, will be found in the ‘ Encyclopedia Metropolitana,’ 
article ‘ Calculus of Functions.’ 

INVENTION (in the Fine Arts). This term, when used in the 
language of art, has a different signification from what it usually bears 


in common It does not mean discovery, but combines con- 
ion, or the iar way in which an artist’s mind takes cognisance 
a subject to 


represented, with the mode of treatment, or choice of 
objects and manner of disposing them best adapted for producing a 
desired effect. Thus, in painting and sculpture, it is the faculty by 
which the most perfect mode of illustration, by form or by colour, is 
suggested to the artist, and by which the mind of the i 
to comprehend the truth, the intention, and the whole purpose of the 

i But so distinct is it at the same time from perfect 
execution, that it is often found to exist independently of excellence 


It is hardly necessary to enter into the question whether the power 


the effect of cultivation, But admitting invention to be a gift of 
nature, and not reducible to rule, nor to be taught by any regular 
process, it still may be improved by study. Whatever natural dis- 
apres or original capacity may exist—and it will not, we suppose, 
denied that some minds are more bountifully endowed than others 
—every power short of creation must have groundwork and foundation 
on which and out of which to exercise itself; and even the inventive 
faculty, which seems to approach nearest to creation, depends upon 
knowledge, by whatever means acquired, for materials with which to 
develope and declare itself. ‘ 
Raflaelle, by the wonderful ability 
subjects in which the greatest quantity of matter or incident could 


necessary and only means through which the inventive 
could be manifested. We studied nature diligently and pro- 

y in all her varieties of beauty and expression. Nothing seems 
to have escaped him; everything that offered itself out of her great 
storehouse was treasured as serviceable to his art, and he acquired 
such an accumulation of materials, to serve as handmaids to his 
invention, that whatever subject came before him found him prepared 


and was y dignified with all the expression, truth, propriety, 

and if we may use the word, that ie wan "eapabie of 

receiving. never ed the perfect beauty and 

almost which appear in the finest works of the Greeks, 
~ nor, in colour, the and brilliancy and breadth of Titian, another 

master-spirit ; yet, in the largest and most comprehensive sense of the 


tion of invention in the fine arts, both for their excellence and for the 
facility of reference, as we are so fortunate as to possess them in this 
country, are the Cartoons of Raffaelle preserved at Hampton Court. 
Of these the ‘Paul preaching at Athens, ‘The Sacrifice at Lystra, 
and ‘The Death of Ananias,’ may be selected as the most remarkable 
for the quality we have been considering. [CarrToons,] 

Though in a totally different style, the frescoes of Michel Angelo, 
in the Sistine Chapel at Rome, may be equally quoted as triumphs of 
invention. The comprehensiveness of his scheme of illustration, and 
the and energetic character of his design and composition, - 

er this one of the finest monuments that art has to boast. In 
viewing the magnificent works of Michel Angelo in this chapel, and 
of e in the loggie and stanze of the same palace (the Vatican), 
the spectator has a series of examples of as wonderful efforts of in- 
yentive genius in historical design as it seems possible to produce. 

It should be observed here that inyention is quite independent of 
the class of design; its force and power may be displayed in every part 
of the art, and in subjects of inferior grade, or even in the mode of 
treating colour, light, and shade. Rembrandt, to proceed with further 
illustration, is one of those who displayed very high  PORI of inyen- 
tion; “a genius,” Fuseli says, “of the first in whatever 
relates not to form ;” and he justly eulogises his “ powers of nature,” 
and “ the > os, and simplicity of his composition.” Thus 
also, though the quality of his art was not of the highest class, the 
merit of invention is peceeyy due to our own Hogarth. Turner, 
again, in a branch of art which by some is supposed to afford little 
scope for this faculty, has shown rare affluence of invention, based on 
close study of natural phenomena, and great imaginative and analytical 


power. 

We have referred only to a very few out of the numerous artists 
whose works are worthy of attention as examples of invention; and 
haye confined ourselyes to some of the leading painters, though we 
might easily nag 6 Bags from productions in the sister art. 
Enough however has been said to point out the nature and value of 
that high quality in design, and to enable the intelligent observer to 
recognise and appreciate it when he meets it in the productions of 
artists, and discriminate between the efforts of elevated and original 
minds and the commonplace performances of mere mechanical imi- 


tators. 4 

INVENTION and DISCOVERY. The rights of individuals, as 
to the honour due to the origination of new views, processes, or 
methods, are matters of constant discussion in the history of letters 
and science. It is strange that the subject should never have been 
generally treated: and in default of better, we intend to put together 
some rude materials for consideration, which may perhaps help the 
young reader of the history of science (from which our examples will 
mostly be drawn) in forming his opinion of the controversies which 
there abound. 

Invention and discovery are, for our present purpose, synonymous 
terms : in older English, they were always so; thus, Locke talks of 
the invention of sciences, As commonly used, the first word signifies 
the formation of something which would not necessarily have existed, 
but for the invention; the second means the finding out that which 
always did exist, and would have existed whether the discovery had 
been made or not. We all perfectly see the error in the assertion, set 
down for correction in the English exercise-books, that “ Galileo dis- 
covered the telescope, and Harvey invented the circulation of the blood ;” 
and also the propriety of the assignment of words made by Macaulay, 
when he says that the terms in which Machiavelli is usually described 
would seem to import that he was “ the discoverer of ambition and 
revenge, the original inventor of perjury.” We can imagine the pos-_ 
sibility of a telescope having never been framed, or a false oath having 
never been sworn; but so long as man exists his blood will circulate, 
and feelings of ambition and revenge will spring up in his mind. The 
words have some analogy with those of problem and theorem in 
geometry : and particularly in this, that invention must be ultimately 
a suggestion of discovery. ‘The inventor of modern ink, which till his 
time had never existed, discovered that a mixture of galls and sulphate 
of iron would produce a durable dark fluid: his invention consisted 
in the application of his discovery to the art of writing. In this 
manner it may be asserted by some [Bacon, Roger, in Broe. Dry.] 
that Roger Bacon discovered the telescope. There must he a discovery 
pee every invention; but it does not follow that every discovery 

to invention. But yet there are some cases in which the pre- 
ceding definitions fail to describe the actual use of words: for example, 
bichromate of potash was never found in nature, never discovered ; its 
elements were compounded in the laboratory by its inventor. But 
the chemists would not call this an invention, nor anything but a dis- 
covery; we should recommend them to draw the distinction, as useful 
to the memory in relation to the history of their science. 

There is in the words discovery and invention a tempting resem- 
blance, often just and often fallacious, to those of theory and practice. 
But in fact each of the things must be subdivided into theoretical and 
practical. The effect of the non-spherical form of the earth upon the 
moon’s motion was discovered theoretically; the variation and the 
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evection were discovered practically. As to inventions, we call Davy’s 
safety lamp a theoretical invention : for the question given was how to 
overcome a certain danger, generally ; and it was not even assumed that 
a lamp was to be constructed. But the common story of the boy who 
saved his labour by tying a string from the valve he was employed to 
open and shut to a part of the machinery which moved in such a 
manner as to do it for him, is,if true, a record of a practical invention. 
Still there is truth in this, that practical men, properly so called 
(Turory Anp Practice), have invented oftener than they have dis- 
covered ; and that theoretical men have discovered more often than 
they have invented. 

It is no wonder that the early history of discovery should be con- 
fused and uncertain ; the loss of documents, which operates on all our 
first knowledge of antiquity, is a sufficient explanation. Nor is it 
surprising that first writers should be persons of unsettled claims ; that 
in the case of Euclid, for example, we should not be so well able to say 
where his discoveries began as where they ended. But it does seem 
strange that in matters of our own day, or of that immediately preceding, 
it should be a question to whom aright of discovery should belong, 
when the only tangible matter is a book, to the date of the publication 
of which there is every possible attestation. 

There is one most important preliminary consideration, which will, 
in the minds, of those who for the first time give it due attention, 
change the face of the whole question. When the period arrives at 
which a discovery becomes possible, there are many courses which lead 
to it, and many ships sailing on each of these courses. The analogy 
may be carried further. When a new island is discovered in or near a 
frequented track, so soon as a ship of some one country casts anchor 
in a port and takes ion, it may be afterwards found in some logs 
that something like land had been suspected before, in others that 
land birds had been seen, in others that the colour of the water was 
noted, in others that an alteration of the current was observed, and so 
on, all near the same point, and any one of which might have led to the 
discovery, if the hint had been followed. It is the same in matters of 
science, to an extent which will not be easily credited by those who 
are unacquainted with its history. And this greatly enhances the 
merit of most original researches. It is much to the credit of Newton 
that Huyghens had gone so far as to determine the conditions of 
circular motion, that Grimaldi had noted the effect of the prism 
on light, that Fermat and Cavalieri had all but discovered the 
method of fluxions. The character of accidental good fortune 
disappears when we see that the progress of knowledge seems to 
bring new results within the possible reach of many, but within the 
actual grasp only of one, Is there then nothing accidental in discovery 
and invention? We answer that there is something, but that the 
accidents which might produce discovery are happening to all, and 
* frequently ; while the accidents which do produce it happen to those 
enly who are ready to take advantage of them. But this, it may be 
said, is reasoning ina circle; for if we are asked how we distinguish 
the person who is ready to take advantage from the one who is not, we 
have only the discovery to point to. We reply, that it generally 
happens that the persons who can thus fix a casualty, are also those 
who give evidence of successful research in cases where fortune shows 
no special favour. It was by a mere accident that Mr. Baily [Fiam- 
STEED; Batty; in Bro. Drv.] bought a house opposite tothe possessor 
of a large bundle of Flamsteed’s letters, and nothing more that the 
fact of their existence came to his ears. Many perhaps had seen them, 
and either taken it for granted that the contents were all in print, or 
been unable to judge of their value. But the life of Flamsteed is not 
the only evidence of Mr. Baily’s success in a point of astronomical 
history : there was no accident about the editorship of the old cata- 
logues. It is said to have been by a casual effect of sun-light at a 
window that Malus discovered the polarisation of reflected light; but 
then Malus was a profound optical investigator. It is our conviction 
that no accidents are valid except those which aan to the proper 
men at the right times; and that there are usually other means of 
showing this besides the success of the accidents themselves, 

Before we can examine the title to a discovery, it must first be 
settled what the discovery is: and this is frequently the greatest 
difficulty. The case of the steam-engine is constantly under discussion ; 
and the principal point at issue is, what is the steam-engine. Heron 
of Alexandria certainly produced rotatory motion by steam, and with 
sufficient funds, could have ground all the corn in Egypt by his 
method. If we assign the merit to the person who contrived such an 
economy of fuel as to place the use of steam on something like its 
present footing of convenience, it then becomes a doubt whether any 
except Watt has a claim. M. Arago remarks on this subject, that a 
watchmaker would be struck dumb by the question, who invented a 
watch! The thing as it now exists is not the invention of any one 
person. So long as there is any national feeling in the discussion, one 
or another definition will be proposed, constructed to suit the advocac 
of one or another claim. We have not here to settle the cases whic 
we cite; itis enough that they illustrate our point. ° 

It may happen that in a complicated instrument or method, the 
perfecting of which extends over a long period, there is some one dis- 
tinguishing characteristic the introduction of which marks the main 
epoch of the invention. In the case of the watch, for instance, if we 
ask for the distinctive definition of the term, we find that it is not 


coneily "eit Tabrainnsh See eesesortek. ies, See ee ‘ 
3 i 
would 


mechanism of algebra as constitu’ 


the main work of what — 
now bears the name. But it would ingly wrong to say : 
Hooke invented a watch, or that Vieta invented algebra: things done 
before and after both essentially belong to the we mean to 


pet} by the words. But it is not an uncommon practice of 

to strip a word of all its accessories, and to ee ee gl 
perhaps) the invention so cut down to some one then 
clothe the word with all its most modern associations, and + 
favoured inventor with all the glory which ought to be divided among 
many. When the steam fe is reduced to a tea-kettle, or at most 
to a pump, it is Avery, or De Caus, or Worcester, or Newcomen, or 
Papin, &., &c., who invented it, according to the country or the 
fancy of the writer; but when once the claim is established, the tea- 
kettle throws out a condenser, and the pump runs along the railroad 
at sixty miles an hour. 

The common sense of the law requires that the applicant for a patent —_ 
should make a distinct specification, not merely of what he intends to | 
construct, but of that particular part of the contrivance which he 
claims as his own; and here a claim upon anything old, or an omission 7 
of anything new, vitiates the patent. [Parent.] The cases which 
have occurred under this law would be good study for those who 
write on discovery. 

It may indeed happen that the amount of claim may be 
augmented by the view which the discoverer takes of his own title. 
Columbus inferred, on true bomen 4 the possibility of crossing the 
Atlantic, spent the energies of a life in procuring the means of making 
a trial, and is therefore properly and truly the discoverer of all the new 2 
world : the Northmen who visited it long before did not promul- 
gate their discovery, and it might as well be given to the 
inhabitants of the continent itself as to them. It does not 
the merit of Columbus that he could not but enpiose he should reach 
India or China; these were the certainties at which he aimed, and 
which he would have reached had he not been ponees ty the inter- 
mediate continent which ought to bear his name. eron, when 
he first announced and executed his revolving boiler, been able to point 
out that it was a method of producing force from fuel, which might 
supply the place of human labour—that all which remained was 
adaptation—and that skill in the use of this new kind of force would 
make it a substitute for the strength of men and beasts—it would 
have been difficult to have denied him the title of the discoverer of the 
steam-engine, and the inventor of the first step. 

Among the consequences of attempting to describe discoveries under 
too general terms, is this, that both things and persons are allowed to: 
clash unnecessarily. It is not always, to be sure, that this goes such a J 
length as procuring for Dalton’s atomic theory the character of being __ 
a republication of the notions adopted by Epicurus from his prede- __ 
cessors ; if it did there would be less harm: there are many theories 
between which mischievous confusion is more easily brought about 
than between those of the philosophers of Athens and of Manchester. 
The nomenclature of science is lexed by phrases of no ion— 
as that Newton discovered gravitation, instead of a true e: of ' 
the heavenly motions by means of wnivergal gravitation it he first 
advanced the true theory of astronomy, which he did in one sense, and 
Copernicus in another; whence the provinces of the two are oe , 
confounded, It must also be noticed that a mere opinion, the ; 


nhaae ies 


of choice between several, one or other of which must have been taken, 
is confounded with the same opinion advanced and by 
reasons. Thus Philolaus and Aristarchus asserted the of the 
earth, and Copernicus is said to haye only revived their opi The 


cover the same thing about the same time, the one who first publishes 

is universally recognised as the discoverer; for ‘discoverer’ either __ 
implies priority, or is an abbreviation of the words ‘ first discoverer,’ Of 
course if a fraud can be proved, if it can be satisfactorily shown that the 

first publisher stole his matter from another, he would not be allowed the 
advantage of his wrong: but the onus of proving the fraud lies entirely 

upon the assertor of it, and, until the evidence and verdict arrive, the 

first publisher is in possession. The reasons for this rule are not alto- 
gether those which exist for the rule in law. The objects of the latter 
are the protection of private rights and public peace; or rather the 
assignment of private rights in such a manner, as best, in the long run, 

to promote the welfare of the community, and particularly its peace, 
without any great shock to the natural feelings of re. It is not 
difficult to conceive a class of cases in which men would gladly give up 

a small per centage of decisions consonant to natural justice, or what 

is so called, for the sake of a rule which would present decided ad- 
vantages as a rule, in the imperfect state of private morality. But the 
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scientific historian is truth for its own sake; he has 


is adopted for the sake of its own probability as a starting 
Saat Gude tilted tee vars cha tewthtand of its first 
; no doubt will exist in the mind of any one, used to the 
history of science, that it is at least to one the name of the real 
discoverer is thus given. But if it be the fact that the discovery was 
i iod, and if that fact can be established, the 
ified by adherence to a 
from internal evidence, 
must have had an algebra and a differential calculus, 

which deference to the notions of his time prevented him from pub- 
ishing, it would never do to let the formal claims of Leibnitz and 
of that of Archimedes: for then would 


e 


which it is due. For example, D'Alembert re-invented Taylor’s theo- 
rem [Taytor, in Broa. Drv.] in, or shortly before, 1754. He has all 
the merit due to the discovery, as in 1754. But could it now be 
that Taylor’s works, &., were recent forgeries, so that D’Alem- 
should stand as the original inventor, it would be impossible to 
put him in Taylor's ; the differential calculus was in two very 
different states in 1716 and in 1754. 
also an injurious tendency to stand by the fixed rule as a 
consequences, in the way of punishment or stimulus : 
there is no denying that if it were but right to substitute 
the thing which is not for the thing which is, there are 
from the adoption of the rigid rule of first publica- 
ARTAGLIA, in Broa. Drv.] suppressed his method for 
from a selfish motive : Cardan, to whom he had com- 
it under promise of eee See 
acknowledgment ; nevertheless the rule always goes by Cardan’s name. 
There is little to here: Tartaglia was willing, simply that he 
might be able to puzzle his contemporaries, to retard the progress o: 
; it is not certain that he ever would have published his dis- 
The public has rewarded the individual to whom they were 
indebted for know! by affixing his name to the rules he announced. 
that the name attached to any scientific result 
was always that of the first publisher, saving all the of history 
ci baie veh dar ladle similar acts brooms 
might be a satisfactory use of the norma loquendi. It sometimes 
happened that individuals have ited sealed packets with public 
scientific bodies, to preserve their rights in the event of any one else 
arriving at results which they wished to avoid making public until 
they had followed them out to their remote conclusions. This practice 
is one which would not prevent the name of any other n from 
being attached to the contents of the et, if he came independently 
by the same results, and publi them before the packet was 
gir dec unquestionably the packet would prove the privity of 


next question is, what constitutes a sufficient publication. And 
here the answer is, that the only mode which can give the discoverer 
no further duty in the matter, is the press, If any one should prefer 
written correspondence, public lectures, or oral conversation, it must 
be at his own risk, A printed book, , Magazine, or newspaper 
which any one who likes may buy, is a record of the court of history 
from the day of its appearance: but any other mode of communica- 
. tion, which is of its own nature not addressed to the public at large, 
must be put in and proved before it can be available. A communica- 
tion to a scientific 


be) pr hadi salon aboel that is, if a contest of dates should 
arise, it will ef be n to assume the date of publication, 
ibiag Bape vag 2 


have little doubt that, in course of time, bodies which publish trans- 
actions will find it necessary to require that authors should either 
print their communications as presented, or date such additions as 
they feel desirous of making. Since these remarks were first written, 
some of the scientific societies have enforced attention to these 
ints. 

perhe most remarkable question of publication that ever arose was 
that relative to the invention of fluxions. [Fiuxtons; CommErcium 
Ertstoticum.] There never was a case in which it was more necessary 
to consider the rights of history, and not to judge by any fixed rule. 
Newton, unquestionably the first inventor, made no publication what- 
ever at the time : an anagram, or transposed sentence, cannot be looked 
upon in any other light than as a sealed packet. Leibnitz has ac- 
cordingly the full merit of an inventor, and priority of publication. 
Newton has given proof that he could have published it, if he had 
chosen. He is the first inventor; Leibnitz is the benefactor of the 
world. R 

It Sexe Daron as before observed, that independent dis- 
coveries take place about the same time: there is no doubt that ‘such 
is the fact. When the publications take place very nearly at the same 
time, particularly when they are in different countries, it is easy 
enough to admit the real independence of the two. If the same thing 
should appear in the notices of the Royal Society and the Comptes - 
Rendus of the French Institute within a few weeks of each other, the 
presumption is strong in favour of neither writer having had a com- 
munication, directly or indirectly, from the other: and this presump- 
tion must be rebutted by any one who desires to prove plagiarism. 
But as the interval of time becomes greater, the presumption, so far as 
it is derived from time only, is weakened. In such a case, the internal 
evidence of the writings themselves must be carefully looked at. There 
is usually a very great difference between the modes in which different 
investigators arrive at, and even in which they state, the same con- 
clusions; those who would do a dishonest thing might know this as 
well as others, and might endeavour to counterfeit originality. To 
detect the base metal is not always easy : to prove its baseness is next 
to impossible. But it mostly happens that really independent investi- 
gators carry their results to different lengths; one will go further in 
one part of the subject, another in another. : 

As may be supposed, the most disputed cases are national ones; 
including in that term the schisms of different classes in the same 
country, as the scientific feuds of universities, of literary societies, &. 
And between people of different countries and governments, the 

uestion arises in two distinct ways, not only as to the definition of 
the discovery itself, and the priority of publication, but as to the 
country to which the discoverer is to be said to belong. And here 
there seems to us to be a necessity for a distinction which is rarely 
made, and no wonder; national pride is the mortal enemy of dis- 
criminative argument. All le like to believe that their race is 


f | gifted by nature with talent, and that their public policy is calculated 


to draw it out. For proof of this they appeal to their great writers 
and thinkers, among whom they include all whom they have drawn 
into their country, and all whom they have driven out. Now it is 
clear that the eminent men who have been induced to settle in a 
country not their own, may be a credit to the institutions, but ean be 
none to the race, of their adopted country ; while those who are driven 
away may do honour to the race but not to the institutions of the land 
from which they are exiled. Take the cases for instance of 

and De Moivre. Lagrange, who, of many offers made to him when he 
left Prussia, preferred t+ of the king of France, resided in that 
country from 1787 till his death in 1813, was exempted from the 
expulsion of foreigners ordered by Robespierre, and received, during 
all governments from the old monarchy to the empire, every possible 
honour and aid,—is a greater credit to h institutions and feeli 
than if he had been born in their country. But so far as blood is 
concerned, he is almost wholly Italian, having been born, and 
established his first reputation, at Turin: his mother tongue was 
Italian, and his first work was published in Italian. It is said, we do 
not know on what authority, that his great grandfather was a French- 
man, which may entitle France to claim the eighth part of him. De 
Moivre, on the other hand, born of French parents and educated in 
France, was driven from his country by religious fanaticism, and none 
of his works were published either in France or in French. Whatever 
credit his talents may do to his race, he is the disgrace of their 
institutions, as to the time in which he lived. Not that he received 
such encouragement here as would entitle us to say that the honour 
lost by France was wholly gained by England. While picking up a 
scanty living by private teaching, the only way in which he could find 
time to sre the Prineipia was by tearing it leaf from leaf, and carrying 
a leaf in his pocket to look at while walking from one pupil to another, 
or at any other chance interval. 

There is much absurdity in the mode by which national prowess in 
matters of discovery is tested. A few of the very first names are made 
the only subjects of comparison. There is some presumption, certainly, 
that the great names are the best of many, and that the plants are 
most numerous where the largest plants arefound. But this presump- 
tion must not be urged when an attentive consideration will settle the 

tion without it. Archimedes was the greatest of the Greek 
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mathematicians; but Sicily was not therefore the most celebrated in 
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all the countries in which Greece had colonised. So far 
when in the sixteenth century Maurolico lived and wrote, 


epigram was made upon him— 


talit, Maurolyce, ne sit in uno 


To quoque Zancla 
Clara Syracosio Sicelis ora sene, 


mind 
utility isa good one for ind in general; but it must 
modification by the historian of science, Who has 


power, in this one line, than the second. All these things are plain on 
due attention, 


to be, which is frequently combined with a wish to ju 
its merit by an arbitrary a priori standard of what it ought to have 
been. Sturm’s theorem is a very prettyinstance. Before it , 
a purely theoretical and strictly certain method was cagerly sought 
after, and any such, however difficult, would have been held a great 
gain. The object is at last attained, but in a manner which is trouble- 
some to use, To look at the way in which some writers ‘now mention 
it, one would suppose they had entirely forgotten how many investiga- 
tors of the first order had given up the subject without producing any 
method at all. 

Since the preceding article was published, many confirmations have 
arisen of our assertion that for the most part discoveries are made 7 
more than one person when the right time arrives. The 
satellite of Saturn was discovered on one and the same day‘in 
and America; and several of the smaller planets, those of 
which there are hundreds, Hardy 1 thousands, in our system, have been 
twice announced within a few days by observers of whom the second 
was j it of the success of his predecessor. But the most 
vookantahile 1 case of simultaneous investigation which ever occurred 
was the solution of the inverse problem of gravitation by Leverrier 
and Adams, which resulted in the discovery of Nerrunr by Galle, at 
Berlin, on information furnished by Leverrier. It is not our intention 
to enter on this celebrated case: we shall only make a remark on the 
discussion which it produced. [AsTrRorps.] 

It soon became apparent in the scientific world, both of 
England and France, the word publication retains its old meaning, 
though in common it now means circulation by help of the 
press. To publish is, in science asin law, to make known to others; 
no matter how. Some little disposition was shown by 4 few to con- 
found publication, the genus, with printing, the species; but without 
producing any assent. And a reference was made to Waring’s 
rule, a phrase of which we gave no explanation in the preceding article. 
We proceed to supply this omission, because we have since heard it 
cited as the rule to which men of science omer Bf cg = A 
See ety cae he eee a first 
publisher is to be held the discoverer: and it is frequently insisted 
that this word publication is used in the modern and restricted setise. 

Waring (‘ Medit. Analyt.’ pref. p. ii, 1776) speaking about a claim of 
John Bernoulli to something which had been shown both by Newton 
and Leibnita,as having been found by himself before he had seen 
their writings, as follows :— 


“Sed nemo potest esse testis in suas partes, is mihi semper dicendus est 
pane, qui primus evulgavit, vel saltem cum amicis communicavit, vix enim 


quis, dignus tici ine, qui de suo ingenio malta 
seriptorum priorum reperta haud detexit,” 


That is to sy, Waring held the inventor to be the first who evulgates 
—tells to all, no matter how—or at least tells to his own friends, And 
ia truth even these conditions are not so much Waring’s rule, as 
Waring’s examples of the way in which discovery may be proved 
under his rule. That rule is implied in his opening dictum, that no 
pgs fe his own witness; that is, evidence distinct from his own, 
and ent without it, must be produced. And this is common 
sense. A man must prove that he is the discoverer : it is not enough 
to prove that he is ei er the discoverer, or a self-deceiver or a rogue. 
or ourselves, we admit no right in any one to lay down a rule; or 


ig we should be to state some rule, we can that 
we hold by the rule in Chron pas pase Bi fac 


“Gol call a coach ! and let a coach be called! 
And let the man who calleth be the caller!” 


Let the man Who discovers be held thé discoverer; and let 
settle who that man is: and let evidence be that which 
kno and men believe; we know no other 
men be ed in opinion 
that it always has been the rule, is, and always will be the rile. TI 
of discovery has not suce 

te arises, and then 
tamount toa de 


tion M4 ¢ 
reduction to rule; it is mere conclusion of course, The 
means that first publication shall exclude from the disei al 
considerations of fact, or shall be conclusive against them, if in 
This it never has been, and never will be, 


- INVENTORY. [Exrcuror. ‘a ¢ 
opérations of algebra are 


INVERSE, ION. ly two 
to be inverse when one of them undoes, s0 to speak, the 


other; so that if both be successiv: upon the 

quantity, the result is that quan’ elf. For instance, the « 

implied in 1+2* and 4/ (#—1) are inverse to one another; for 
1 {[ve-i}t=2, V(l+e-l)=x 


We Soa me bike Oh Sees as ee a. 
cation and division, raising of powers and extraction of roots, as o>. 


of inverse ons, ' 
The operation of inversion is the solution of an equation and 
versd. Let it be reqitired to find the operation inverse to  . 


$2=y, and find « in ternis of ¥; sy #9, then # Yo 
y are inverse operations. Thus if #*-2e=y,7=1+ vy+1, 
either of the two, 1+ /#+1, or 1— / +1, is inverse to 2*— 
It thus beige that a function have more than one inverse ; 
function, and there are functions which have an infinite number; but 
there is a distinction by which one may be separated from 
Let the Greek letters in this article be all 
of operations to be performed, and. let 
of operation, the quantity «, or y, &e., in 
to be performed. Thus ada 


gu 


: 


xe8 


=z give x= z, where ¢@ is an unam 
peas speaking i 


= 
F 


i 


might 


an aa 

one or more of the forms of y will satisfy c= id 
all; that this will be the case with one is obvious, i 
show that it cannot happen with more than one. For though the same _ 
operation, performed on different functions, may A poe the same 

function, yet different operations; ‘ormed on 4 
must produce different functions, then a and £ be different 


both a 
and Bg «=z, where a and 8 are different, # x having becky 


ill 


¢ 
g 


inverse, ie 
satisfies both 


a@—2e; for 1+ ¥ @*=2e4+1)=1+2-l=2, Butl-V 
ves 1—(#—1) or 2—2; and we call 1—4+/ (@+1) an 


maw calle 
be an inconvertible inverse of 7; then a@# is not 2, let it be w 
Then pax beitig x, pag x is or, or 6x is ox, 80 that px is the 
function of w # which it is of «. Thus in the preceding 5 t= 
is the same function of 2—2 which it is of ; or 


?—2e=(2—z)?—2(2—z2). 


We have then this theorem : every function has as many 
forms as inverses, and all these forms can be made by 
functions of x instead of w in the original function; and eac 
of the function is the convertible inverse to one of its and an — 
inconvertible inverse to all the rest. Thus 1—V/ (#+1 


, which is an — 
inconvertible inverse to «*—2 2, is the convertible of Q—2p— 
2(2—.): for f 


1-¥v ( (2-a))—2(2—#) +1) =1 =(Q+#-1)=2. 
The way to make the convertible inverse of a given function find all 


werse, 
Every function which has more than one inverse is not 
funetion of #, but the game function of other futtctions of «7. ~ 


inverse 
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the rest is as follows. Find the solutions of the equation ¢ox=972, 
and let them be w,x,w,2, &e. Then »—!x being the convertible 
inverse of @, the remaining inverses are w, ¢—!7 , #,@—! x, &c. Thus 
in the preceding example ¢—! x being the convertible inverse, the other 
is 2—g—z. [Pertoptc Funotions.] There is a remarkable class of 


functions, each of which is its own inverse, such as 1—z, > V/ (1—2*), 


&. Now if ¢z=9— z we have ¢ ¢z=z2, and these functions will be 
- considered, in the article just cited, as periodic functions of the second 


The equation ¢¢—'z=z being understood, suppose that between 
the first and ee eee ion a, so that we 
have @ag@-!z. This is no | equal to x, but it is a function, the 
roperties of which are closely connected with those of az. For 
Eoin, az and Bx be inverse to each other, then pag—! x and 
9B =z are also inverse to each other: for aBz=x and ¢ag— 


(9897) xis pap 98 ¢-*2,0rpap oz, or ¢o—'z,orz. Thus 


knowing «+1 and z—1 to be inverse functions, we know immediately 
that log (e* +1) and log (e*—1) are inverse functions ; and also +/ (2? + 1) 
and +/ (z*—1). For more detail on this subject see the article ‘ Calculus 
of Functions,’ in the ‘ ia Metropolitana.’ 

INVERSION, in Music, is a change in relative position of two 
sounds, or of the several notes of a chord. Thus, op, an interval of a 
2nd, becomes by inversion (Dc) a 7th. Example,— 


vs T rc 
t at 
= +r 
ae —r 
ea oS o 


And cx, the notes of the triad, or perfect chord, by inversion 
become the chord of the 6th (°c), or of the $th (0.0), Example,— 
—- 

a —— 


al inversions, see CaNoN and Fuguz, 
System, } 


For other mi 


from which it is unrolled 
Placed, that supposing the second to be cut out from solid matter, the 
be d by fastening one end of a thread upon a point in 

a 

Y, 


thread may either graduall 

A al circle, or the —t Mich the Saale is 
a a or curve 

the evolute, But the evolute of a circle is evidently a point, 


iaa)| 


TvR.] Also, any two radii of 
curvature of the involute: thus the are ap is the difference between 
aaand pr. Such are the principal geometrical connections of the 
two curves, 


Every curve has one eyolute, and an infinite number of involutes. 
For instance, fastening the thread at 6, and continuing it to m instead 
of a, we may with the cheeks ab and b a’ produce another involute 
from them (represented by a dotted line); and any number, however 
great, by varying the position of ma. But none of these involutes will 
be ellipses, except the one from which the evolute was made; though 
they will all be ovals having remarkable analogies with the ellipse. 
The proper name for curves described from the same evolute is 
parallel curves, since they have the fundamental property of parallel 
lines: for they never meet, though (if they admit of it) ever so far 
produced ; a straight line cular to one is always perpendicular 
to the other; and the the perpendicular intercepted is alwa 
of the same length. en ares of parallel curves are required to 
laid down, the most commodious method of proceeding is to construct 
the evolute of one of the arcs ee as follows. On the are 
draw tangents at moderately distances, and draw perpendiculars 
to those tangents. The parts of the ts cut off from each by its 
neighbours will together give the are of the evolute near enough for all 
purposes. And it may be well to notice that it will be a sufficiently 
accurate method of drawing the perpendicular to the tangent at a point 
P, if we take a small circle whose centre is P, bisect the are a 0 B in ©, 
and join and produce P c, 


wo 


error thus committed is only a small portion of the 
—— on by the tangents at P and a. 
er the two ares adjacent to a normal (or perpendicular to the 
tangent) of the involute are equal and similar, there is a cusp in the 
evolute ; and the evolute generally recedes without limit as we approach 
a point of contrary flexure in the involute. 

The mathematical method of finding the evolute is as follows. Let 
y= x be the equation of the involute, and let x and y be the co- 
ordinates of the point on the evolute corresponding to that on the 
inyolute whose co-ordinates are z and y. Form the three equations— 


Y=O2; 
ee OU Ce satis gi 
x a+ oi (z y) 0; 


1 +(2)-Aae—n=0; : 


and from them eliminate «and y. The resulting equation between 
Xx and ¥ is that of the evolute. But if the evolute be given, and the 
involute is to be determined, let Y=/'x be the equation of the former, 
and from this and the latter two of the preceding three equations 
eliminate x and y, There will result a differential equation of the 
second order between y and x, among the primitives of which is the 
equation of the involute. But the differential equation of the involutes 
is one of the singwar primitives of this equation of the second order, 
and the question is most easily treated in the following way. Find the 
differential equation of the curves which eut all the tangents of the 
given evolute at right angles: those curves are the involutes required. 

Thus if the curve be a pale having the equation y=c 2%, the 
equations for determining the evolute are—* 


y=ev; 
X—a+2ex(¥y—y)=0; 
1+40%? — 2¢(x—y)=0; 


from which we find— 
x= — 42%, ya + 3c2°; 
‘ yee 2c 

hi = ps 

which give y ates): 
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the equation of the evolute of the parabola, which evolute therefore 
badly ptr maf m er ntsgeaeh gasae 
‘or considerations similar to those w precede see Caustics. 
INVOLUTION and EVOLUTION per rr | Taking these 
words in their etymological sense, they might for the greater 
part of mathematical analysis. In their technical algebraical sense, 
they mean only the raising of powers, and the inverse operation, the 


extraction of roots. The revival however of a general , accom. 
penied by an improvement which makes it com ti easy, renders 
necessary to make a more extensive definition of terms, We 
shall not relinquish any characteristic of the old and shall 


bring all corresponding processes together, by laying down the fol- 
lowing definition :—Involution is the performance of any number of 
successive multiplications with the same multiplier, interrupted or 
not by additions or subtractions; and evolution is any method of 
finding out, from the result of an involution, what multiplier was 
employed, provided that the said method by involutions. 
Thus to determine 2° + 42°—3x+10 by involution, we multiply 2 by 
«and add 4; then multiply by x and subtract 3, then multip by x 
and add 10. If this give 1000, then any method of determining x which 
proceeds by successive involutions is evolution. 

Forty years ago our only instances of evolution would have been 
common division, and the extraction of the square and cube roots, 
with references to Vieta, Harriot, Oughtred, and the older algebraists 
in general, for evolutionary methods of solving equations, bearing a 
strong likeness to such extractions. But since the publication of Mr. 
Horner's ‘New Method of Solving Equations of all Orders,’ ‘ Phil. 
Trans.,’ 1819, the process which has rendered it worth while to propose 
the preceding extension of terms has been in the hands of mathe- 
maticians. For a more detailed account than we can here give, the 
reader is referred to the paper just cited, which is reprinted in the 
* Ladies’ Diary’ for 1838, or to ‘The Theory and Solution of Algebraical 
aye By Professor Young, of Belfast (London, J. Souter, 1835). 

e sho begin with simple division, and the extraction of the 


square and cube roots, if we were writing an elementary treatise. But 
taking it for ted that the reader is familiar with first two, at 
least, we proceed to describe the general This consists 


of three distinct parts, the first two of which have been long known, 
while the third, which contains the peculiar distinction of this method, 
is due to Mr. Horner.* 

1. In the article Approxmartion it is shown that if a be a value of 
zx which makes ox small, then a—(pa-—~¢’a) is a value of x which 
makes ¢x much er; so that a continued succession of approxi- 
mations may be made to a value of x which makes gir absolutely =0, 
Here gx means the differential coefficient or derived function, and if 


or=ax" +Bx*— +02" +.,... 5 then 
Pr=narz*—!+ (n—1)Bx*—* + (n—2) or*—F+.... 


2. Meaning by a root of ¢, any value of « which makes ¢r=0, it is 
obvious that $(x +a) is a function which has for its roots the roots of 
pr epderscer sel fags And the substitution of «+a instead of « 

the preceding value of gx gives a well known development, of 
an an enmenee will be more to our present purpose. Let the 


Ax +Brt+Cr°+D2°+Er+F.... (1). 


Write «+a for x, and this becomes 


Az® + (5sa+B) x* + (10sa* + 4a + c)2* + (10a? + 6na* + 8ca+D) x* 
+ (5aa* + 4na* + 3ca* + 2pa+ B) x+ Aa’ + Bat +00? +Da?+Ea+P; 


which we may represent by 
AP+O,G24+9,0 +o, 0049! a 24a, 


8. The quantities a, ¢/a, ¢,a, &c., may be determined a suc- 
cemion of involutions, each’ Se making’ uso Of the nesulte of te 
preceding. Find ¢a by involution, of which the following are the 


A 
Aad +B 

Aa*+Ba +0 

A@® +Ba*+cCa +D 

Aa* + Ba® + Ca*+Da +8 

Aa’ +Bat+ca* + Da" + ka +P = pa 


Repeat the process, the preced uantities, except the last 
and we have ¢’a by the followin —* ? 


A 

2sa + B 

Saa* +2na + © 
4Aa* + 3pa*+2ca + Dd 

Saat + 4na* + 30a" + 2pa+KR=¢'a. 


* Mr. W. G. Horner was a schoolmaster and mathematical teacher residing 
at Bath, and died September 29, 1837, There has been some dispute about the 
right to the invention, of which we shall presently speak, 


fol eetition of the process, leaving out the last, gives 


A 


Saa + B 
6aa*+3na + © : 
10aa* + 6a? + 30a + D= 9,0, 
Repetition gives ¢,a, and finally ¢,a, as follows :— 
A A 
4aa+ B Saat+B=oa 
10aa* + 4ba+c=9,a 
In numerical application the operations be made to stand thus, 
where a new letter below a line stands for the sum of the mea 
ceding ; and $a, ¢'a, &c., are introduced when found. 
A B c D E F 
Aa Pa Qa Ra Sa 
P Q R 8 oa 
AG Ta va va 
T U Vv va 
AG wa xa 
w x oa 
Aa Ya 
Y yt 
aS - 
A 4 ob fa ga ga 


If a be of only one significant figure (as 200, 6, °03), all 
necessary to fill up this process can be 
have thus (for the method is general, 
the fifth degree) a working method 
question :—Given a certain equation 
var= 0, the roots of which are each less 


preceding process, 
unknown) is 6°73. If we can find 
this root is 6, we make another reduction of all the 
new equation, one of whose roots is *73. can 
the highest denomination, we repeat the and find an 
one of whose roots is 03. In Gnding the highest denomination 
root we find the root itself, evidenced by the oa of this 
being=0. 
The first denomination of the root must be found by 


second and the ones are by 
and ¢’a, If a be nearly a root, 

a—% or a+—% 

oa * oa 


-—F F 
8a instead of . sa 


Subtr.—ga oa Add. 


In carrying on the , the results pa, p’a, &c., come ina diago a 
line; before taking nent ste, the ber nrg em dv 
as in the type 4 our examples, asterisks or 
will mark its of a process, ‘ : nf 
We now apply this method to the solution of the equation— "7 


x + 223 — 79 — 4% — 631064798= 0. 
It will be found that a root lies between 100 and 200, 


aa 
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1 2 =a —1 | 631064798(158 

... | 100 | 10200 | 1019900 | 101989900 
To2 | 10199 | 1019889 | 529074898: 
100 20200 3039900 410987450 
202 | 30399. | 4059799: | 118087448; 
100 | 30200 | 4159950 | 118087448 
302 60599 : 8219749 0 
100 22600 5414950 
402: 83199 13634699 ; 
_50 25100 1126232 
452 | 108299 | 14760931 
50 | 27600 
502 | 135899; 
_50 4880 
552 | 140779 
50 
602 ; 

Kees ae 
610 


Assuming 100 as a first approximation, we find that 2* + 402z2°+ 
6059922 + 40597992—529074898=0 is an equation ha roots less 
by 100 than those of the given equation. And 529074898 contains 
4059799 upwards of 130 times; but if any number of tens 
than 50 be taken, the accumulations of the next involution will give 
more than 5290, &c., as must be found by trial. Repeating the process, 
we find that «* + 6022 + 1358992 + 13634699 «—118087448=0 is an 
equation all whose roots are less by 50 than those of the last. Wecan 


now depend upon 118087448 divided by 13634699 giving one figure of 
the root, and the quotient is between 8 and 9. ing 8, the first 

> of the third shows that 8 is a root of the last equation, 
and 58 of the preceding, and 158 of the given equation. 

We now give an example in which approximation is carried on. Let 
the equation be 2*—6z*+7x+4=0, of which one root lies between 
2 and 3. é 

1 —6 7 —4(2°414213562 
: zs =. 
=4 = —2: 
2 —4 —1-936 
=2 —5: —0-064 ; 
2 016 —0°045079 
“0: —4£84 —0-018921+ 
o4 0°32 —0-017963056 
08 —¥£52; —0-000957944t 
12; 00121 —0-000897113 
T21 —45079 —0-000060831 || 
122 0-0122 44853 
123+ —4£4957+ 15978 
1-234 0:004936 13456 
1-238 —4490764 2522 
4 1-242 0°004952 2243 
12422 —4£-485812t 279 
4 12424 0-000248 269 
1-24261| — 4485564 10 
0°000248 8 
—4-485316l 2 


F 


i 


e 


root of this equation is found to be 2°414213562, as follows. 

the multiplier 2, one set of involutions brings us to the 

andz* + 0z*—5z + 2=0 isan equationon which 

Dividing —2 by —5 we find that °4 is 

next figure, which is verified in the next trial, since 
tion in this wa: 

half 4 wanted, is f 

this being a, we have found —0:000060831 for — pa, and — 4485316 

a, The i 


ber of figures, as commonly practised 

Approxtmation.| The figures 13562 are found 
shown in the example. 

it is more convenient to avoid decimals in the process, which 

. If there be decimals in the coefficients of 


el SSUTLEFLE 
THe 
Hsin 
ef 
I 
é 
: 


! 


33°0000z+ 1840000, and 181z°—600z* + 330000 + 1840000 will give 
ten times the ired root. 2. When all the whole figures of the root 
have been obtained, and the decimal is about to enter the caleu- 
lation, before attempting to obtain first decimal figure annex a 


cipher to the first working column on the left, two ciphers to the 
second, and so on to the end. Then proceed with the new figure as if 
it were a whole number, and make a new involution. When this is 
finished annex ciphers again as before. One additional advantage will 
be that the ciphers will serve to mark the places of completion of the 
individual involutions. If in any case ¢a should not contain ¢’a, place 
a cipher in the root, annex ciphers again, and then proceed. In some 
of the older algebraists, Oughtred for instance, the several vertical 
lines of figures are kept in their places by a set of ruled columns, the 
use of which is difficult. Mr. Horner has a similar contrivance; but 
the employment of ciphers removes all the difficulty, as in common 
division and the extraction of the square root. See the last example in 
this article, The method might easily be extended to the whole part 
of the root. The following is an instance of the method :— 


w+ 2—zi—22—2=0 


1 ak —2 2(1-414,2136 
2 2 a3 = 
3 1 sol, 30000 
+f 3 4 28256 
om rm 3000 17440000 
i 4 4064 12206261 
62 800 7064 52337390000 
660 216 4992 49671698816 
661 1016 12056000 “Do00091184 
662 232 150261 2495754355 
663 1248 12206261 169936829 
rp 248 150928 124787718 
6648 [49600 12357184000 45149111 
6652 661 60740704 87436315 
6656 150261 12417924704 7712796 
662 60847072 7487263 
150923 12478771776 
663 
15158600 
26576 
15185176 
26592 
15211768 
26608 
15238376 


Many of the preceding figures are useless, but we have judged it 
best to present the whole process, The best method of abbreviation is 
to fix a point of the process from and after which the number of figures 
in the last column is not to oagery wie: oe rit nd step one figure 
from the last column but one, two from the last but two, and so on. 
The consequence will be, that the several columns on the right will 
disappear one after the other; the process will be legitimately reduced 
to termination with a contracted division, independently of the theo- 
rem cited ; and the result will be true to the last place. The effect of 
this will be, that as soon as the remaining part of the root is too small 
for its highest power to show itself in the process, an equation of the 
(n—1)th degree takes the place of the nth, and so on, until there 
remains only an equation of the first degree, and the approximation 
then by the Newtonian method. All this was pointed out by 
Mr. Horner, whose view of his own method was very complete, in 
everything but historical information, Had he given in his paper an 
example from Oughtred, also worked by his own method, pointing out 
the difference of the two, we feel sure that the question about the 
right to the invention never would have been discussed. 


Taking up the pa example at the point with which we left 
off (neglecting the division), and following the process, we have 
(Root obtained 1°414) 213562373 

6 | 656 15 23 83/76 124787 717 7\|6 2665691184 — 
Disappears 13 3804794 2496363944 
at 15 23 97 124818 19 7 2 169327240 
next 18 304820 124850203 
step. = = 15-24 10 124848 6 7 9/2 44477037 
13 1524 37455657 

15 24/23 124850 2 0 3 7021380 

1524 6242640 

15|24 124851 7 2|7 Dividend 778740 

‘ 46 749117 

124852 1|9 29623 

46 24970 

15| 124852 6|5 4653 

er 8746 

Disappears, leaving 124852 8 907 

1 for carriage. 1 874 

Divisor 124852|9 7 


‘ 
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The answer 1°414213562878 is correct to the ean inclusive 
contracted division follows the thick line.)» The which to 
of the extent to which the full process should be 

; it on until the last column but one has at least two 


more figures the number of root remaining to be found. 
Such is the method which must place its author those valuable 

inventors who find out simple which have been overlooked 

by their predecessors, It is not a remarkable that this, the most 


perfectly performance, ~- 
Asan pre £). of the first, required the solution of 


222+ 2=2. 


200('78077648 
168 


3200 

3168 
320000 
288498 


or x=*78077643, which is correct with the exception of the last place. 
The extraction of the square root, say of 10, is done by solving the 
equation «*+0z=10; but it will be found that the solution of any 
equation of the form 2*+ac=6b ma; pe pempene: be tye aver 10 
the extraction of the square root. We show this, beginning with 
Horner's rule, and changing to the other after a few steps, Let the 
equation be z*+27=10. 


2 10(2'31662479 
4 8 
60 “200 
+B 189 
661 T100 
661 
662 
6626)43900 
39756 
66326)414400 
397956 
66332)16444 
18266 
3178 
2653 
525 


In the extraction of roots, the method of pointing and bringing 
down the periods as they are wanted may be followed. The following 
is the process for the extraction of the cube root of 205692449327; it 
remembered that the question is the solution of an equation of 


the 29+ 02° +0c=a:— 
2 2 0 205692449327(5903 
5 25 125 
o 7500 $0008 
ee 80379 
168 8931 "$13449827 
17700 «(1512 813449827 
17703 104430000 ==" 
___ 58109 
104483109 


. | The following process is the extraction of the cube root of 1°808, a _ 


will serve as an example of the complete process, ating ~ ; 


first column, yeh, wie ee Sacceee ee She unit at 
blank, And this is also the type of the solution of cubic equation 
weeeeeress ae iy eee es en ee ot the ee 
second wi umns are ciphers simple 
root, and price, er in all other cases, “nee 
00 000 
al10 100 4a 
620 100 aa 
om 
300 6 
a 
364 dd 
g 361 68 ¢ 
. aio 43200 € 
i 8630 361g 
j 3638 aa 
Z 73561 
od 362 
ming 73930002 
sit arto 
passes = «NSB 
q 365466 445057200 k 
r 8654690 ___ 73084 m 
s 8654699 445130284 mm 
t 8654708 73088 n 
u 8654717 44520337200 n 
rwY 1 
44521433589 pp 
"1096398 9 
4452252998700 g 
32892291 s 
4452285890991 ss 
32892872 ¢ 


452325133 
gfedcbazy 


changing the line in which annexed (and the ail. 
alwage ho anginitell ba tunel cotment tact : 
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74521433589 7. When the last result has been obtained, make an algebraical 
magesos00 7” expression one degree lower than the divisor, the coefficients of which 
32892291 s are the numbers in the last result, with their signs. 
oeaaeraanani The real remainder in the preceding example is 84a°—6x+5. 
bags oe 88 Let the next example be ; 
32892372 t 
299877 v p=42°—62°+24+1 
445232170713 wv Q=2x°— 32° + 2a + a5 —3a°— Bx + 4; 
292377 v Here the number of operations should be four; but it is reduced b: 
2192 w the circumstance mentioned in the fourth clause of the rule. 
44523248501 wo PS 
; ae a ad (ve) | 4, 2,42 6|—1|-1 0 0) 0 
But considering that the process is one which no m will very = | 
ail pitta sen Aeiiicorbasthar. Go recommended even this sbbatient. (9) 2, 1 aaah: Q As) segaaes SUS 
All such simplifications tend to make the computer lose sight of the (1) | _0,*3 14 = -6)) — 6 8 
uniformity of method which runs through the whole; and we have (2) , 11 — 27 | — 27 32 
always found them, in rules which only occur now and then, afford (3) 12 — 65 53 


assistance in forgetting the method than in abbreviating it. 

But one abbreviation, when duly learnt, is found to have very great 

advantage. The addition of the ucts which are carried from each 

= last column, the cg Sian ai 
made at once, figure by figure, as fast as the figures are formed. 

On evolution of algebra i uantities we do not think it necessary 

to speak, since either the binomial theorem [BiyomiaL THEOREM], or 


its connection with the preceding is sufficiently obvious. 
There is, however, a process of an evolu 


take this opportunity of suggesting, and of which any one moderately 
cclivitmaes pik algdics, wil arrive at the demonstration. In 
finding the highest common divisor of two i 


P=279—a—4 
Q= 42°— 32 + 22? 2 +1. 
. Ferg care ak eis P83, 25 158) Talk 


is the number of to be expected, this case it is three. 
Uid ibducing tha coathcent 0 in traey stbading fant, Wet change 
ridend, i: e ient 0 for evi , but 
sgn of evry soft inthe divin, cept the fret Clear 
PS pyr of all whole factors ; if the two coefficients (2 
1 4) have a common factor, divide by this factor before writing them 
down. Write ciphers in all blank places. 
() 1 0 1 4 0 0 
Q) 2 -—3 0 2 —1 1 


8. Take the first vertical pair, and every other in succession, and 
make cross multiplication and addition ; thus," ‘* 7 gives ad+be. 
Put the first result in the first column, the second in the second, and 


a =s 2 10, 28 1 
4, this process with the first line, and the result just 
and again with the result, each new result out of the 
first line and the last result, and so on till the number of operations 
ascertained in the first clause of the rul 
the leading term of the first line have been divided, multiply that 
1 result, unless the first term of the result 
be also divisible by the same factor. ¢ 
5. But if ever the first column of a result should turn out a cipher, 
throw it away, and bring forward the next column, and so on, making 
every step stand in the next higher place ; and if the two first columns 
of ee ae reece ee ane telly Sek Wel 
80 on. i 


others. In practice, the pen may be drawn through the figure whic’ 
is dismissed. 

(e) | 2,1,3,1 0 1} 4| Oo 

fo) | 42 — 8 0 2)/-—-1/1 

1) | —3 2} 10)-1]- 1 

@ 4,2 17 | —14 2 

(3 17 — 12 10 


1722—122+410 Answer, 


and | additions, as in 


122*—65x+53 Answer. 


The method of verifying the several processes, as their results arise 
is as follows; Make an additional proof column, in which place the 
sums of the numbers in each line, taken with their signs; making 
these sums vary with the variation of the leading factors: thus 


Proof. 
a b CG: : A 
Pp q Wisrs aan P 
aq+bp ar + ep fs ahead eee z 
Here A is a+b+c+...; P is p+gt+r+ ...} and Zisaq+bp+ 
ar+cp+.... If then the process correctly done; an exten- 


sion of it to the proof column gives ap+ap, which ought to exceed 


Z by 2 ap. ‘a 
We shail conclude this article with the process which will be applied 
Foes 2 (Sturm’s A ie 9 Sy object is oe proceed as in 
finding the greatest common di of P and Q,¢ the sign of 
every remainder before using it. ‘ ee 
P= 423 — 92° — 4z41 
Q= zt — 3882 + e—3 


Proof 

column, 

4 9 4;-— 1 0 16 

1 —3 — 2 1/|-—3 — 6 

—3 —4 8} —12 — 16 

— 43 0 — 45 — 88 

43 0 — 45 0 =—- 2 

4|/— 9; — 4 1 — 8 

— 887|— 3652 43 — 696 

— 15136 19264 4128 

15136 19264 34400 
43 0 45 


The remainders therefore, with the signs changed as directed, are 
432° + 45, 151362—19264, and the last is a negative whole number, 
The following is the first instance of the use of the proof column :— 


1x 16 + 4x (—6)—(—16)=8=2(4 x 1) 


In the preceding part of this-article we gave an account, with 
instances, of the method of solving equations, which is commonly 
known ty the name of the late Mr. W. G. Horner, schoolmaster, of 
Bath. We believe we may usefully give what precedes a corisiderable 
extension: first, because the method [Comrurartion] is one of the 
best exercises in computation; secondly, because neither its meaning 
nor its history is very generally understood, and the latter is very 


instructive, 

The process of involution as above defined; is the formation of the 
value of a rational and integral pn igsrie expression, such as 
ax + ba* + ce +d, by a Suecession of multiplications separated by 


{(ae +d) + ch 2+ a. 


Horner’s mode of doing this takes the figiites from left to right, or 
takes those of largest value first; and e: ts a plan of performing 
the operation which combines the result of each figure with, the joint 
result of all that come before. Thus in finding the value of the pre- 
ceding when 2=123-456 the value is first found when c=100; then, 
by help of the preceding, when «=120; then when «=123; then 
when 2=123'4; and so on, By this means we are enabled to proceed 
when the value of the ng figures depends upon the results of 
those already found, as happens in all the cases of evolution, the 
inverse process. ‘To take, however, the direct process first, we shall 


* Then bring forward the next column, 
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exhibit at length the finding of 92°—3'1412? + °0092—1427-499, when 14796 0,0000(32316 
#=121°23; or, to avoid decimals in the expression, we may consider 44388,0000 
this as the thousandth part of 9000x'—31412*+92—1427499. The 443880,000 
process is as follows: a great many figures (about 115) being repeated 473472,000 
twice over, in a manner wholly unnecessary in computation, in order to 4734720,00 
facilitate the explanation. 4779108,00 
9000, — 31,41 0009 — 1,427499(121°23 47791080,0 
8968,59 sont ate 8967,163401 47805876,0 
17968,59 269 — ore 
2690850 A 8967163,401 peethes 
2693718,09 15505343,181 Answer 478147536 “_ 
269685,9 3269089,89 wat LSS Required the square of 279°46, or the value of 2*+02+0, when 
287685,9 3880461,69 15505343181 x= 279°46. ; “5 
305685,9 B— 15896635209 1 . 300 0000(279°46  — 
323685,9 388046169 c—--—— -— N 2,00 4,0000 ee 
yeh 391292028 15896635209000 4,00 400,00 
3236859 394546887 15975675212760 40,0 729,00 
3245859 c D : 47,0 72900 
3254859 39454688700 15975675212760000 54,0 77841 
3263859 39520001880 15987553760654100 540 « 7784100 
c 39585351060 —— 549 
92688500. © D——__—_—___ 558 ener 
32656590 3958535106000 pod 780643600 
32674590 sosseiseeisee 5584 780978916 
604 
Bde 3960496904400 . 5588 scnrabik 
826925900 55880 
326952900 55886 
326979900 55892 
328006900 The process here described is one which, we venture to 


has neither been put in its right place, nor received 
e 


. 5 It is the natural extension of common process of 1 
We first put down the coefficients as usual, not changing the sign ‘ eee 
of the last (which is onl a convenience for evolution, and does not and its inversion is as naturally and 


alter any figure). ‘The value of 2 being 121°28, we begin with 100, Slvecg oxeihionsy 6a Ae Selene aa 
which, havi 


with the figure 1 (not oe ae care to make commas fall under 
commas, or to use the commas as if they were decimal points (which 


they are in fact, though not unit-points), As soon as we have done the of < in ! 
first process, containing all that comes before the lines a, we learn as sate tn 
follows. Let figures pe de 


i 
gx = 923 — 3-14.12" + “0092 — 1427-499 Pages! “J 
then, x being 100, gr, ¢’x, 19x, and }p’"x are severally 8967163401, Horner's 

269371°809, 2696°859, and g We shat entie down the results again, rocess of 
after the lines a (which is not in calculation), merely to show 
the new disposition of the commas. e@ are now to with 20 
(from the 2 in 121°23), which, having one cipher, we mark off 
0,1, 2, 3 places in the several columns. Immediately before the lines 
B we learn that when «= 120, gx, g’x, and 4’z are severally 
15505343°181, 388046°169, and 3236°859. We then write down these 


taking the second 2 in 121-23 to work with, and ing Horner's | but us in solving «*—11a41=0, the heads of 
process, we find, when «=1212, that gx, ¢’z, and Fan gaa should be — 1,0, 11, and 1, instead of 1,0, —11, 
(remembering that all the annexed ciphers are so many additional that if at any period of the process the divisor and 
decimal places) 15975675212760, 395853-51060, and . 3269-2590, | Should become negative, the signs of all should be 
Finally, we annex the ciphers again, and with the 83 we find 2. In making the contractions, it will be advisable 
that x = 12123 gives 15987553°760654100, 3960496904400, and | figure which comes next after the separating line 
3280-06900. it, in fact, till the next contraction, and to use it to carry 
Let us now com the trouble of this with that of 
other method of doing the same. If we w out all the 


The ordinary verification costs about $40 figures. It is true that ev 3. If, at the of the process, all the heads of the columns — 
step is both a multiplication and an addition in one: but this can be | be multiplied by » the root will not be altered, until the con- 
done and ought to be done in the use of this method, and is not done | traction , the verification by casting out nines is rendered easy, 
in the ordinary method. And we have not only the oarenas of a purely | Since every result in every column is divisible by 9. : 4 i 
mechanical method, in which the first t causesthe succeeding | We now show how the process works in some equations which = 
steps to require nothing exsept & look ot toe successive figures of the | have equal, and nearly equal, roots. at “q 
value, but the still greater advantage of being able, at the end of the| Let «'—6z*+9=0, which has two roots, each equal to /3. -- 
, to make any small alteration of value with ease, If, for —1 0 6 0 9 (1°7320 
having discovered that 121/297 would do better than 121-23, —1 5 5 40000 — 

we wish to get additional accuracy, we have but to rub out the last —2. 3 8000 1210000 
3-process, and proceed with 9 and 7. In the ordinary mode, we must 3 000 5697 5041 
either the whole process , or correct ximately by —40 —829 748000 3 
substituting 121°23"--008, which will require us to calculate 9’z, and ~—47 —707 401653 
perhaps j¢”z. —54 —113400 49132 / 

We shall now exhibit a common multiplication, and the formation of —61 —115449 25190. a 
a square; not, of course, that we attach any icular value to these —680 —117507 1220 "i 
simple cases, but that we may show the uniformity of the process. —683 —119574 : 
Required 14796 x 32316, or the value of 14796r+0 when «=32316, — 686 —11971 
We repeat the lines as before, which is more than is necessary, and — 689 —11985 


makes this process look very long. —~— 692 —11999 


Te 
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The existence of equal roots, or of nearly equal roots, might be 
here suspected from the slow increase of the divisor column ; but the 


requires us to make trial of figures above, not below, those which the 
divisor column seems to indicate. But nearly equal roots may some- 
times be detected, as in the following instance. Let 773—102°—14r+ 
20=0, of which it is known that one root 


lies between land 2, The 
process gives ; 
-7 10 14 20 (141421356 
3 17 3000 
—4 1300 8000 
—110 748 1547000 
- 138 61608 
—166 6453 3859 
—1940 449900 1013 
—1947 371348 160 
—1954 4 - 18 
—19610 288745 1 
—19638 284806 
—19666 28460 
—19694 28440 
This root may be carried on without difficulty. But at the end of 
the second process, when the dividend is reduced to 8000, the divisor 
only ae the ether hee The pea —1940, it may be 
worth while to another state of things gives a sus- 
Ao pala pasate gm the immediate vicinity of the one 
hand. If the three last columns be +a, 5, and c, and if we find 
that pa+b is nearly c+p, which is the trial test of p being a new 
figure of the root, we are sure that +1) a+b will not be near 
¢+(p+1): and moreover p (pa+)=c has not two positive roots. 
But if the three last columns be —a, 5, and c,it may very easily happen 
that b—pa may be nearly c+p, and b—qa nearly cq ; for p (b—pa)=c 
has two positive roots. Perfect certainty, in the absence of an easy 
algebraical criterion, may only be attai oe See rey In 
the instance before us, finding 1°41 succeed, a presumption of a 
larger root, we try 1°43, beginning with 
—7 —1940 8400 8000 
—1961 2517 449 
—1982 —3429 
—2003 


This figure will not do, for now a difference of sign is 
es er 8 dividend and divisor columns, We then try 
, a8 follows :— 


—7 —1940 8400 8000 
—1954 4492 —984 
—1968 556 
—1982 


There is now a difference of sign between the two last columns, but, 
looking at the second column, we see that agreement may be restored 
by the next figure. The figure 8 will do it, as follows :— 


—7 —19820 55600 —984000 
—19876 —103408 —156736 
—19932 —262864 
—19988 


and 26286400 is not contained 10 times in 156736000, All the signs 
being now negative, we may change them all. If we had tried 7 
instead of 8, we should have 


—7 —19820 55600 —984000 
—19869 —83483 —399619 
—19918 —222909 
—19967 


But now 22290900 is contained more than 10 times in 399619000, 
which shows that 7 is not high enough. If we try 9, we have 


—7 —19820 55600 —984000 
—19883 —123347 +126123 
and a nt difference of is established between the two last 
columns, whence 9 is too high. then with 
7 199880 26286400 156736000 (1°428 


and we find 1:42857142857 ... fora root. The reader may watch the 
operation in the following equation : 

(9 # — 10) (9 x — 11) (30 e— 37) =0, 

or 24302 — 8667x? + 102938~—4070 = 0 


whatever common figures three roots may 
two roots of ¢’z=(, and one root of ¢”2=0 which begin 
figures; and so on. If there were a difficult equation having three 
equal, no method of detecting them would be easier, of all 

G at present, than solving contemporaneously the 
equations gr=0, g'z=0, p’'x=0, not making any step in one till all 
ARTS AND SCI, DIV, VOL, TV. 


had been brought up; that is, one step of each first, then the second 
of each, and so on. 

It may happen that a finite root is established, and yet that the 
process must be continued to obtain another root beginning with the 
same figures. For example, 


9a3 — 462° + 75a — 38 = 0 
It will be seen in the following process that 2 is a root, with a pre- 
sumption, from the appearance of the divisor column and the one 


beforeit, that there is another root beginning with 2. And by trial 
21111 ... is found to succeed, 


9 —46 75 38 (211111 
—28 19 0 
--10 —100 11000 
80 —l1 1221 
89 8700 23 
98 9779 12 
1070 10867 1 
1079 10977 
1088 11087 
1097 


We shall now proceed to a short account of the history of this 
problem, and of the controversies which have existed, and to some 
extent still exist. For a fuller account of it up to the time of Mr. 
Horner, see a paper by the writer of this article in the ‘Companion to 
the Almanac,’ for 1839. 

Before the time of Vieta, evolution consisted in the rules for the 
ae toa of division, and extraction of the square and cube roots, in 

‘orms probably derived from the East. To him [Viera,in Broa. Drv.] 
we owe the first publication of a numerical method of finding the suc- 
cessive figures of the root of an algebraical equation by means of the 
value of the function equated to zero in the equation. This method 
of Vieta is in fact that which Horner’s process now makes so easily 

icable. If ¢2=0 be the equation, and a a part of the root, it uses 
oa, and ¢(a+1) — ¢a as a divisor. The process is so cumbersome, 
that Vieta does not attempt to apply it to equations having more than 
two figures in the root. 

This method attracted but little attention on the continent: but in 
England, where everything relating to numerical calculation has been 
always diligently studied, it was much noticed, and received extensions 
of power. In the posthumous work (1631) of Harriot [Harrtor, in 
Broa. Dry.] examples of it are given with the improvement of forming 
only so many -figures of the divisor as are wanted: and he ventures 
upon roots of three . In the second edition of Oughtred’s 
‘ Clavis Mathematica’ (1647) Vieta’s method is given without Harriot’s 
improvements. But the first who used Vieta’s method to any great 
extent was Briggs, in the calculation of the sines, &c., in the ‘ Trigono- 
metria Britannica.’ In the preface the method is applied to equations 
of the third and fifth degrees, and partially described for the seventh 
and higher degrees: with examples carried to fifteen and sixteen figures 
of the root. It is for ~ facilitation of these solutions that the Abacus 
mayxXpnoros is given, which some have unreasonably interpreted as givin, 
Briggs a claim on the binomial theorem. Géellibrand tells a that 
Briggs formed his tables of sines by algebraic equations and differences 
about thirty years before his death. Now Briggs died in 1630, and 
Vieta’s tract a) in 1600: the former must then have received 
the work soon, immediately seen the importance of the method, and 
commenced operations by means of it. We cannot give Briggs any 
independent title to the invention; for it is likely enough that he was 
in correspondence with Vieta, whose works he certainly knew. One 
of his examples is the solution of what would now be written 


x — 3x = 1:298896096660366 


for which he gets x = 1‘917639469736386. He puts down the work 
as far as... 697, proceeding towards the end by several figures at a 
time : and he has got what Vieta had not, the Newtonian divisor ¢’x 
instead of p(« + 1)—gz. Ofcourse it adds materially to the his- 
torical value of this method that it was thus used in an operation of so 
much importance to the progress of mathematics in general. The 
dates above given may even cause a suspicion that it was the power of 
solving equations thus suddenly acquired, which first suggested the 
calculation of the natural sines, &c., in the ‘ Trigonometria Bri- 
tannica.’ 


Wallis, in his Algebra (1684), gives the method of the “ nwmerose 
exegesis,” as he calls it (Vieta had called it potestatum adfectarwm ad 
exegesin resolutio) with an example of the fourth degree worked to 
seventeen places of the root. He makes use of the method of con- 
tracting the towards the end. In this same Algebra appeared, 
for the first time, what is called Newton’s method of approximation, 
which soon superseded the exegesis, into which however it had been 
virtually incorporated by Briggs. Newton’s approximation, at least in 
the general form which it took in the hands of Taylor, is as follows, 
If a be a near value of # in px = 0, then, except when there are two 
nearly equal roots, a nearer value is 


— oa 


ho ora + 
o~ ofa va 


3q 
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The Re ene ee it, employs this prin- 

ciple s — ¢a is calculated, Brees 
proceeds by several figures at a time, and uses oa, does really use 

what was eee 

tions suggested ieta. 

When the pcb was abandoned b: and others, in favour 
of Newton's form of operation, no er verment was made in 
the direct numerical solution of equations, until the time of Mr. 
Horner; at least no further improvement was published. Mr. Henry 
Atkinson, a young man of Newcastle, re-invented the whole method in 
1801, applying Newton's divisor, and gi rules by which one divisor 
was made to in forming the next. is was read to the Philo- 

ical Society of Newcastle in 1809, and published posthumously, as 
*A new Method of extracting the Roots of Equations,’ Newcastle, 
1831, 4to. In our article in the ‘ Companion to the Almanac, already 
cited, we have supposed that no one can be shown either to have used 
¢’a, or to have made each value of it help the next, before Mr. Atkin- 

son: but we now find that Briggs was before him in both points. 
"s method of transforming the root into a continued fraction 
[Tarory or Equations] does not need notice here, because it belongs 
to another mode of expression. But it ought to be noticed that 
Horner's process very much abridges the labour of Lagrange’s method, 
as much indeed as it does that of Vieta's exegesis, and for the same 
reason. Mr. Exley, of Bristol, in the ‘ Imperial Encyclopedia,’ article 
Arrremetic, improved (according to Horner himself) the common 
method of extracting the cube root, so as to precede Horner in this 
pores case. We believe more than one method had been given 
reducing the enormous labour of the ordinary extraction of the 
cube root: we may mention one, be is enhied, and a by i and 
almost exactly a particular case of Horner’s m ven r, A. 
, in his edition of Hutton’s ‘ Arithmetic,’ Hawick, 1811, 8vo.: 
Horner himself refers to an edition of Melrose’s ‘ Arithmetic, by 

Mr. Ingram (the same, we suppose) as containing such a method. 

Horner's paper was read to the Royal Society on the Ist of July, 
1819, and was published in the current volume of the Transactions, 
on the Ist of December. These dates are of importance: the publica- 
tion of the above paper was the signal for more than one person to 
make a nibbling claim to the invention, Horner was unfortunate in 
two points. First, he had not sufficient knowledge of ancient algebra 
to be aware that his method contained the process of Vieta, and that 
his real claim consisted in the discovery of the beautiful process by 
which the labour is immensely reduced, and completely systematised : 
we suspect that he completely re-invented Vieta’s part for himself, 
Secondly, he appears to desire to be the analyst rather than the arith- 
metician, and will not show anything except to those who can take all. 
It is true, beyond a doubt, that his method is adapted to every sort of 


equation, and that it is as great a help to the person who desires to | greatl 


solve tan 2 — az = 0, or &'™* = @, as to the other who wants nothing 
but a common algebraical equation. So far, then, it is more than 
Vieta’s method simplified ; it is the same also extended. But if the 
inventor had ed from simple algebra to the more complicated 
eases, his merits would have been more rapidly eee ~ He did 
not well see that his mode of solution ae well to the integer pes 
of the root as to the fractional; nor did he fully comprehend how 
much of his own discovery consisted in the general mode of calculating 
the value of x, as given at the inning of this article. But that 
we may not do him injustice, and more that we may enable those 
of our readers who have not access to the original paper to see how 
completely he had ft hold even of the most convenient arithmetical 
process, we give solution of the famous Newtonian instance 
@ —2%&=5. After reducing the root by 2, the heads of his columns 
are 1, 6, 10, and 1 (the first column, which is always vacant, lie doves 
not set down). He then annexes either dota or ciphers, and proceeds 
exactly as follows : 


6. Wises 1000000(-0945514815 
609 _ 5481 949829 
184 105481 50671000 
74 5562., 44517584 
8 25096 6153416 
~ 62 16 83 td 5578825 
“$74501 
814/12 558055 
111576 4/924, 4,1, 6, 1)16536(1 
ae Se ‘F376 
111611/0\4 4465 
Ft d10 
111674/7 893 
Ti 
ul 
6 
6 
= 


When Mr, Horner's paper had been published six months appeared 


ee 
* A new Method of Sol uations,’ Theophilus Holdred, London, : 
either ¢/a or g(a + 1) — ga. , | 1820 (preface dated June y io, Tha thathod te akan toes ee 
and a supplement is , Which gives Horner's method. ; 
called Newton's method, and assists it by opera- | claimed as inventions, and name is not 1 


p ba dhs Lette of th Compu ¥o Ube Atathe? Ulta se 

iven, e the ‘ * alr cite 
pes reasons for coming to the conclusion that Mr, Holdred took 
first method from Harriot, and his second from Horner. 

A claim was made by Mr Peter Nicholson in various places, which is — 


SS of all waa 


L 
‘. S 


+ 


which there is little doubt that both 
In fact, so completely had this exegesis dropped out of si 
Dr. Peacock, in his short account of Horner's 
is to the British Association’) does not allude to it. 
all the re-inventors of Vieta’s method of i 


‘orner’s regent vig hang ofer 
there (see the article already cited in the ‘ Companion to Al 


e 
F 


troversialists called the ‘‘ non- method,” is wanti 
process of Nicholson's is more 
possession of. Mr. Nicholson received Mr. Hol 


alleging that his own credit would be diminished, unl 


Dr. Peacock had never seen Holdred’s tract, and his 
from the assertions of Mr. Nicholson and from Horner's 


phe a 
ing e some of the 
per. The form we give carries this still further; 
ae what we have recommended all arithmeticians 
PuTATION can follow us: but there is no invention 
Some have been 
to Budan; and i ; 
‘Nouvelle Méthode pour la Résolution des Equations nut 


Paris, 4to., were published in 1807 and 1822, The basis of M. 
operations is the si case of Horner’s process in whicli the root of — 
an equation is diminished by unity: This is dotie exactly in the mode — 
ay! ak Hdeamt adberwunts axcabtded Thus to lessen the root of 
—2z7—5=0 by unity, Budan proceeds thus :— 

1+0=+2—6 

1+1—1—6 


i 
Answer x + 827+ 2—6=0 4 
~ But to lessen the root by 2, Budan is never able to arrive at the 


wanna ally ee Ae a ade 
men 
aaa 5; faw Mr, He 


a second inventor, 


made, &. &., eT ee ae ee 
paper, he t hia established a claim 2 
sus peekant Wr 20800 SEOY 17; 101 aed SOB SDeimboeIned Wie pubes etelh ae 


July, Mr. Horner's paper havitig been publicly read at the Royal Society on the 
first of that month, 
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process on the left, which is Horner’s: he must. repeat the process of | deprive the author, who was a man of real genius, of his rights over 

diminishing < root by one, as on the right, ’ | his own discovery. We refer to MM. Holdred and Nicholson” though 

TP vo we do not believe the second was knowingly unfair. Mr. Atkinson, 

0-2-5 14+3+1-6 when he first saw the “ non-figurate method” (as some called the sub- 

4242-1 14+4+5—1 ject of-this paper), saw and said that it was a “ capital improvement.” 

(s) 144410 1+5+10 (0) e have written also because it can hardly yet be said that mathe- 

1+6 1+6 maticians are alive to the value of this grand completion of the system 

1 1 Gia ae writers shew no knowledge of it; the 

0 un bri elementary works do not yet recognise its 

ahormingy Bun he hth (4) ant (0) td, hore ora nan | Ol Cans Spey ne oat 7a ene 

To diminish a root by 10, 20, &e., he divides the roots of the original | ™4Kes an imperfect introduction of it, ‘The fact is, that mathema- 

equation by 10, then diminishes by 1, by 1 more, te, and then | cians dislike calculation, and are apt to form hasty opinions on nume- 

i he resulting roots by 10, 20, &¢. ; and similarly for 100, &¢, | Tical methods before they haye given them sufficient trial. The first 

It is obviously possible, by a large amount of calculation, to obtain the | ¢lementary writer who brought Horner's method into instruction was 

root of an jon in this manner ; but Budan is not only obliged to | Mt: efereenis Professor) Young, in his ‘ Elements of Algebra,’ pub- 
‘ lished in 4 

si tie nse ees fo ond vor Gea now at | Ha a Soe yar ae ha ead vo pind, epee 

of must be reduced to a decimal, Thus for | Fourier’s posthumous work on equations, containing an extended use 

—2r=5, he gets of Newton’s method. It amounts to employing ga, ’a.h, 4"a-h?, &e., 


dearth ah Sage 
=2+—+— +——__ = 2094551481364 
#="* T1276 Tess 
Budan’s method is not then even of the same species * as Horner's. 
Te ae seers Mice € the edition of 1822, two years after Horner's 
2 


paper. the method extended to the process for diminishing the 
Horner's process), but no use is made of it, and sin ly 


root by  ( 
the example given is one in which n is—1. 
Horner (‘ Leybourn’s Repository,’ page 38, of part ii., vol. v.) denies 


ever rere cen Budan’s work until 1818, after his method was 
finished. is,in one point of view, counts for nothing; for every 
discoverer has a right to have it supposed that those who come after 
him have used his works: that is to say, the first discoverer would 
have a right to the credit therefrom arising, even though it could be 
shown that subsequent discoveries were made without his aid. If a 


partial or method turn out to have a value of quite a new 
character when made complete, it is impossible to deny to its author 


the credit of having been er than his contem; on the road 


Horner afterwards used. But, as it happens, a contempo: of Mr. 
Horner, in trying to insinuate that Horner had taken his method from 
Budan, has i i evidence to the con . Mr 


independent trary. . 
Nicholson, in a note to the preface ( ix.) of his essay ‘On Involu- 
tion and Evolution’ states : “I aay Egial by Mr. Dickson, that 


Martin’s-le-Grand, an ‘ Essay on the Numerical Solution of Equations,’ 
by Budan ; at which time he mentioned that he was expressly 
on ject.” This called forth the preceding statement from Mr. 
unfair intention, and had he reall: ee 
ichol- 


Instead of this, he answers in the most straight- 
he bought Budan about July, 1818, nearly two 
{ore ttre Mr. Nicholson wrote ; but avers that his method was then 
oe <M bey — ene believe ; ae aoe at it would Hevea 
possi r C engaged as he was in teaching a school, 
to have produced ida inelliod: 0 as to send it to the Royal Society in 
the spring of 1819, if he had only seen the first hint in the summer of 
1818, But had he seen Budan’s work, and had he thence derived the 
he improved, his merit would not have been the less: 
the greatest writer on equations then existing, had seen it ; 
had seen it: and both had closely examined it, and reported 
Toes ‘ #9 pi lnoneds Bats een te 

, too, knew ieta’s i ut no one, ex the 
schoolmaster, ever brought forward Budan’s method, or +44 extension 
of it, either from Budan, or ently, to the improvement of 
Vieta. Fourier had seen Budan’s book, and had invented a method of 
his own of solving equations; or rather had given his own mode of 
ing Newton's approximation; but this method is far below 

that of Horner. 

We have written sp much on the discovery of this method, because 
unfgir attempts were made by claimants who had no title whatever to 


* He recommends that when more than two or three decimals of a root are 
wanted, the work should be tarned over to workmen (maneuvriers) who are to 
be a distinct class from the mathematicians, The best comment on this will be 
to insert in this little foot note every figure of the work for six places of the 
equation on which this remark was made, with a guess at the seventh, 


1 0 —-2 5 (20945515 

2 2 1000000 

4 100000 50671 

600 105481 6153 

609 111043 574 

618 1112u4 16 

627 111545 5 
11157 0 
11160 


to calculate the value of 9 (a+h), and ¢’a, "ah, &e., separately, to 
calculate g/ (a4+h); and soon. Fourier was an expert arithmetician, 
and in this very work shows his power of suggesting new forms of 
arithmetical process ; but he does not come near anything like making 
the previous calculation of 9!) (a +h) give assistance to that of p("-0) 
(a+h). The equation z3— 2xc=5, which Wallis happened to take as 
his instance of Newton’s method, has always been the example on 
which numerical solvers have shown their power. No one can be said 
to have carried a method beyond those which preceded, unless he has 
solved this equation to more places than they haye done. Fourier 
went to thirty-two decimal places, which we do not know that any 
one had done before. Some students of University College, London - 
(and one of King’s College), none exceeding eighteen years of age, 
carried Horner's process further still, their independent calculations 

iving root to 52 es. Some years afterwards, another student of 

niversity College, Mr. W. H. Johnston, of Dundalk, carried the solu- 
tion to 101 decimal places, and verified it by the independent solution 
of a related equation. In 1851, Mr. J. Power Hicks, of Lincoln College, 
Oxford, then a student of University College, carried the solution 
to 152 decimal places, never having seen Mr. Johnston's result, with 
which, so far as it went, his own agreed. This last solution* is as 
follows, and it took about 50 hours of calculation :— 


2:09455,14815,42326,59148,23865,40579, 
30296,38573,06105,62823,91803,04128, 
52904,53121,89983,48366,71462,67281, 
77715,77578,60839,52118,90629,63459, 
84514,03984,20812,82370,08437,22349, 
91 


We insert this conclusion as a challenge to any who still hold the 
opinion, which as a matter of course was maintained by some when 

orner’s method first appeared, that some older methods were superior 
to it. There were those who thought that the method of trial and 
error, or of false position, as it was called, was preferable, Mr. 
Nicholson gives, as the work of a young computer, the following solu- 
tion of 

; 4x9 + Tx + 9x + 6x9 + 5ac* + 8x = 792 

@ = 2'05204,21768,79605,36521,40434,01281,20197,34602,75599,54554 


2,14 


An able calculator informs us, that he makes the figures after 197 to 
be 34660, 87786,99113,74218,13787,467. ; 

We have left entirely out of sight all the irrelevant controversy 
relating to the method of finding the limits of the roots, conducting 
the process when two roots are nearly equal, and so on, The claims of 
Budan, Fourier, Horner, &c., are here mixed up in a manner which 
requires a sifting investigation. Very frequently the value of Horner’s 
method is stated as depending upon points of this kind. When any of 
the doubtful cases arise, which we noticed at the béginning of this 
article, we find, for ourselves, that the ease with which repeated trials 
are made by Horner's process gives us more command of these ques: 
tions than anything else ; in fact Fourier’s theorem [Srurm’s TororEM] 
is very easily brought to bear by means of it. But it must be admitted 
that all methods which in any way include the Newtonian approxi- 
mation are imperfect, when roots are nearly equal, in not having a 
better addition to the root a already obtained than — ga: 9’a. Leta 
better method come, and we have no doubt that Horner’s process is’ 
more ready to make easy use of it than any other. A student who is 
very slow at finding out the trial figures of common division, might as 
reasonably depreciate the rule of division altogether, as quarrel with 
Horner’s method because there is now and then a difficulty in ascer- 
taining whether or no more than one figure will do to proceed with. 


* As there is always a liability to defacement of figures, we give the sums of 
the digits in the horizontal and vertical lines. The sums in the horizontal lines 
should be 137, 115, 140, 157, 121, 10, The sums in the vertical lines should 
be 2; 32, 23, 27, 16, 24; 16, 25, 28, 25, 21; 20, 17, 29, 14, 25; 28, 23, 16, 
20, 25; 27, 13, 30,17, 26; 18, 16, 15, 26, 36. : 

+ Mr, A. Davis, assistant master in Uniyersity College School. 
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The same difficulty must exist in every method, as matters now stand- 
In the meanwhile, we think the discoverer of the process, which is 
now beginning to take its per 

request when he says, ing of the an’ 


started up—“ All I ask of them (mathematicians) in recom for 
the facilities consigned to their use in the non-figurate method, is to 
bear in mind that I 


doubt whatever, and are willing to stake our credit upon it, that when 
the inertia of the higher mathematicians in matters of computation is 
overcome, and when the mode of solving equations has reached the 
schoolboys, as it is rapidly doing, the name of Horner will be one of 
the household words of pure arithmetic, and himself looked upon as 
one of the greatest of its modern benefactors. Justice requires that 
his name should remain attached to his process. 

10D or IODO. A prefix used in chemistry to signify that the body 
to the name of which it is attached contains iodine substituted 
some otherelement. Such compounds will generally be found described 
under the name of the body to which this prefix is attached. 

IODAL (C,HI1,0,) Hydride of tri-iodacetyl. A body analogous to 
Cutorat, said to be produced by mixing alcohol with nitric acid and 
— adding iodine. Its existence has not been satisfactorily estab- 

ed. = 


IODANILINE (C,,H,IN). A derivative of aniline. [Anrrye.] 

IODHYDRIN (C,,H,.10,). A liquid compound produced by the 
action of ae acid upon glycerin. [Guycerty.] 

IODIC ACID. [Ioprve. 

IODIDES, [Ioprxe. rogen and Todine.] 

IODINE (1), a non- ic, elementary, or simple solid body, dis- 
covered by M. Courtois, of Paris, in 1812. Its i ee 
were however first ascertained by Gay-Lussac and Davy. Iodine exists 
in the water of the ocean and mineral springs, probably combined with 
sodium, or calcium, or magnesium ; also in marine molluscous animals 
and sea-weeds; and has been met with in combination with silver. 
Todine is principally obtained from kelp, or sea-weed which has been 
burnt for the purpose of obtaining alkali from it, When the alkaline 
and other salts have been separated from this ash, the residual solution 
is treated with sulphuric acid and binoxide of manganese, by which the 
iodine is set free, the decomposition being analogous to that by which 
chlorine is obtained by the same agency from common salt. 


Nal + MnO, + 280, = Na0,SO, + Mn0,S0, + I 
— —_—_—— —— ——— —— — 
Iodide of Binoxide of Sulphuric Sulphate of Sulphate of —_Todine. 


sodium. manganese. acid, soda, 


The process is conducted in leaden retorts of cylindrical form, and 
heated on a sand-bath to a temperature not exceeding 212° Fahr., a 
higher heat than this causing loss from the formation of chloride of 
iodine. At this temperature the iodine slowly vaporises, and passing 
off through the neck of the retort is condensed to the solid form in a 
series of flasks connected together by the neck of each passing through 
a hole in the bottom of the one preceding it. 

Iodine is a soft opaque solid, of a bluish-black colour and metallic 
lustre, The primary form of the crystal is an acute rhombic octohe- 
dron. The crystals are usually flat. According to Gay-Lussac, its 
specific gravity is 4°947. When moderately heated, it rises in vapour 
of a violet colour, and hence its name from the Greek (iédns, “ violet- 
coloured”), On cooling, it again crystallises unchanged, nor is it altered 
by being subjected to very high temperatures; it has resisted all 
attempts to decompose it. Jodine has a strong di le odour and 
taste, somewhat resembling bromine and chlorine; it stains the skin of 
a brownish colour, but not permanently. It is readily dissolved by 
alcohol, and the solution is of a reddish-brown colour; so little is 
taken up by water that a ta of that liquid will not dissolve more 
than a grain of iodine. It is very poisonous, . Its characteristic pro- 
perty is that of giving an intense blue colour when added to a solution 
of starch. It unites with metals to form compounds, termed iodides ; 
these are all decom by chlorine, or even bromine, iodine being 
liberated. They will be found described under the names of the 
peonive metals. Jodine, like chlorine and bromine, forms acids both 

hydrogen and oxygen. ‘ 

The equivalent of iodine is 126-8; ita combining volume, 2; and the 
specific gravity of its vapour, 8-716. ; 

Oxygen and Iodine combine to form probably four compounds, 
When the vapour of iodine and oxygen gas are mixed at rather a 
high temperature, the violet tint of the iodine disappears, and a yellow 
woft substance is formed, which is regarded by Sementini as oxide 
iodine ; if this be subjected to the action of more oxygen gas, it is 
converted into a yellow liquid, which the same chemist supposes to be 
iodous acid ; but the composition and properties of these compounds 
have not been accurately determined, 

Jodie Acid (10,).—This compound was first obtained by Davy by the 
action of iodine upon what he called euchlorine gas, A better process 
however consists in heating the iodine in the nitric acid. For 
this purpose the acid should be introduced with about a fifth of ita 
weight of iodine into a capacious retort, and kept boiling for 12 hours; 
the iodine which rises and condenses on the sides of the retort is to be 
returned to the acid either by a glaas tube or by agitation; when the 
iodine disappears, the excess of nitric acid is to be got rid of by evapo- 


manganese, 


| evaporation, a 
for | todate of soda ; 


ration, Todic acid is a white semi-transparent solid substance, 
may, however, be obtained in crystals containing one equivalent of 


to one of base, and these, 
an iodide ining. F 

Periodic Acid (10,).—When chlorine is added 
peacersn elypapebetocmghee go: Seger byes 

sparingly soluble white obtained, 
with oer, yl ec falls, hak aioleed in kek 
ith nitrate ver, a y! pitate w ' , 
nitric acid and evaporated, yi 
of silver ; these are decom water, 
cautious evapora’ 


posed by 
of pure periodic acid’ formed; this 3 

, containing five equivalents of water of jon, 
heated to 212°, they are resolved into oxygen and iodic acid. 
Nitrogen and Iodine 
ini vely NH,I, NHI,, and NI,, derived no : 
) by the substitution of hydrogen by iodine, thus:— 


(EF o<{k ob fae 
NCH Ni Nir NGI ¢ 7 
H H H I 4 

Todide of nit OF pay, a mixture of the iodides, is best 


repared by dissolvi e in aqua and pouring the mixture 
into poids) solution of emianalas * teen precipitates as a puce- 


ammonia 


the state of a 


once in the ammonia, when an iodide remains insoluble 
a eee 


mot eta 

when dry ; the best method of exhibiting its power of : 
portions on bibulous paper, and then simply letting 

it fallon the ground or merely touching it, when it detonates with a 
sharp noise, heat and light being emitted, and the vapour of iodine and 
rede gas evolved. It is not dangerously explosive in quantities of 
= i 
Hydrogen and Iodine form hydriodic acid (HI), which may be pre- 
pared by the direct ig orn oa of its elements. When a mixture of 
iodine in vapour ani drogen gas is passed through a red-hot porce- 
lati: tilbs, Shay, dckatline form this acid, It is however much more 


rf 


with its moisture: its odour resembles that of hydrochloric acid gas, 
It is soluble in water. The salts which it forms are termed é % 
When it is acted upon by metals, h is evolved, and when by 
metallic oxides, water is formed, and in both cases iodides result. 2 
It is decom; by oxygen when they are heated together; water 
is formed, iodine evolved. It is also immediately posed by 
chlorine, which unites with its hydrogen to form hydrochloric ; 
and iodine is set free, 
* Chlorine and Iodine form two chlorides, The protochloride on 
may be obtained by passing a current of chlorine gas into water in 
which iodine is suspended. A deep reddish solution is formed that 
yields irritating fumes possessing smell of both the elements : 
first reddens and then bleaches litmus paper. The terchloride (ICI) 
is best formed by acting upon iodine with excess of dry chlorine gas. 
It forms fine ruby-red crystals. , 
ee and Iodine form compounds corresponding with the 
chlorides. ; 


Q proportions. The biniodide 
et ee 
ine. On cooling the 


low tem ure, acicular of orange colour 
» tertogide (PL) te prodnoed fa cellar iaaeaage 


to form no true compound, 

IODINE, Medicinal Properties of. Iodine, though only obtained in 
an isolated state in the year 1811, has been long employed as the 
efficient principle of other preparations and agents, A 
burnt sponge and certain mineral waters. [WatTER, subsect. Mineral, 
Nat. Hist. Drv.) Itis only since it has been procured as a distinct prin- 
ciple that its action has been ascertained with In the present 


pa apd men segura on oe d than as pure 
iodine, owing to its very sparing solubility in water. Lodine in substance, 


: 
2 

: 
eee 


coloured powder; or iodine ey Se De Eee digested at_ 
a 


’ ~ —_ i te 
ee ee ee a a ee ee, a 
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to form three distinct com, con 
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however, when applied to the skin, stains it brown, and even the very 
small q which can be dissolved in water is sufficient to cause 
rubefaction, and in the form of baths produces decided action both on 
the surface of the body and the general system. When applied to 
ulcers or any breach of the skin, it occasions heat and a sense of 
pricking and tingling; it is also absorbed, and may be discovered in 
the blood and secretions of the patient. Taken internally, even in 
small doses, it causes a sense of heat in the mouth and throat; if much 
diluted by the vehicle in which it is given, and the stomach be healthy, 
it appears to do little more than increase the digestive powers; but in 


represen 
to a frightful extent ; but though this has occurred in some instances, 
it does not seem to be frequent, if we except the absorption of certain 
glands, especially the mamme of females. 
The diseases in which it has been found useful are glandular swell- 
ings, especially bronchocele or goitre, which rarely resists its action ; 


(oper tos ge egieaalrme yr see gas baat ete dg 
dote against poisoning with strychnia, brucia, and verataria: but its 
claims to are not clear in case of such formidable poisons, 


It is often of use in lessening the injurious effects of mercury and in 
the treatment of the sequela of syphilis. (See Lugol, ‘On Scrofula.’) 
A liniment composed of iodide of potass along with strong liquor 
ammonial and soap liniment, is extensively used in the hospital for 
consumption at Brompton, as a counter irritant. A mixture of tincture 
of iodine and tincture of opium, as an external application to the spine, 
is most useful (Spryan Inrrratton], its use being suspended every 
three or four days; or a solution of iodide of potass in compound 
camphor liniment has the advantage of not discolouring the skin or 
linen. 


IODOFORM (C,HI,). This compound, which is analogous to chloro- 
form in its constitution, is prepared by adding an alcoholic solution of 
potash to one of iodine, till the colour of the latter is destroyed ; care 
must be taken to avoid any excess of the alkali; the alcohol is evapo- 
co thet mer teesar lene Mae lables doteredir iodoform are 
be: or mga ich are to be washed with pure water to separate the 


The ies of iodoform are :—It has the form of yellow brilliant 
laminze, which have a Boa es disagreeable odour, somewhat resembling 
that of saffron ; it is insoluble in water, but very soluble in alcohol, 
ether, and pyroxylic spirit. It sublimes at 212°, and decomposes at 
248°, into carbon, iodine, and hydriodic acid. Its alcoholic solution 


readily. 

a TODO. PYROMECOWIC ACID. [Mecontc Actp.] 
IODOQUININE. [Crxcudna, ALKALOIDS et 
IODOSULPHURIC ACID (SO,Cl). An acid said to be formed 

when sulphurous acid is passed into a solution of iodine in pyroxylic 

it. Its existence is problematical. 

IONIAN SCHOOL, comprises several of the earliest philosophers of 
Greece, whose speculations were predominantly of a physiological cha- 
racter, and who, with one or two exceptions, were natives of the Ionian 
colonies in Asia Minor, From this purely external circumstance the 
school has derived its name, and its mem! have been brought into 
an unbroken connection of masters and disciples by the | labours 
of the later Greeks, who strove to give to the first development of 


Jp rey rete same orderly transmission of doctrine which prevailed 
in the schools. Atokdingly Anaximander is made the scholar of 


ent omits Heraclitus, the chief of 
open to great difficulties both of doctrine and 
chronology. As regards the latter, however, we shall only advert to 
the general di , that between six and seven generations (212 years) 
are occupied Bers lives of Thales, Anaximander, Anaximenes, and 
Anaxagoras. incongruity of the received arrangements appears at 
once on the slightest consideration of the doctrinal systems of the phi- 
of this school. Agreeing in the hypothesis of a primeval state 

of thi , they differed widely in the mode in which they accounted 
for the deduction of existing phenomena out of the primal substance. 
One theory —— the universe with life, and considered the orderly 
things to be a spontaneous ent of a pre- 

arora germ of life. A second Pe Sema ‘oul ieee nt alteration 
in the form and qualities of natural bodies by certain changes in the 


Of this potentially living entity Anaximenes advanced a still worthier 
representation, and taught that the primal substance is infinite and 


sensuously imperceptible. This principle is analogous to the animal 
soul, and as the animal soul governs the body, so the universal soul 
rules and embraces all things. 


ceived them, cold and warm, earth and heaven, were first evolved, and 
in the course of certain separations and combinations alternately pro- 
ceeding, more forms are spontaneously developed, to be ulti- 
mately resolved into the homogeneous primary. After a long interval 
of a century ——e revived the mechanical physiology, and dis- 
tinetly advanced the principle on which it rests, that nothing is 
changeable, but that the nature of every thing is permanent. Seizin 
the contrariety of the moving and the moved, which the mechani 
theory is so well calculated to exhibit, he defined the latter to be 
extended antitypous bulk, inert body, infinitely multiple both in 
qualities and The moving principle, on the con , is perfect, 
simple, and homogeneous—soul or spirit, which, as moving the ele- 
ments into combinations of order and beauty, is endued with the 
faculty of knowing and surveying whatever was, and is, and shall be, 
Archelaus rather abandoned than advanced the views of his master 
Anaxagoras, and in him, as the teacher of Socrates, the Ionian school 
veilocny soir before the more extensive development of the Socratic 
osophy, 

(Ritter, Geschichte d. Ionischen Philosophie ; and Brande’s Geschichte 
d. Griech.-Rém Philos.) 

IONIC DIALECT, the softest of the four written varieties of the 
Greek language, was spoken in the Ionian colonies of Asia Minor, and 
in several of the islands of the Augean Sea. As the new Ionic, it is 
distinguished from an older, which was the common origin of itself 
and the Attic. The old Ionic was widely diffused, and its use was 
co-extensive with the Ionian settlements in the Peloponnesus and 
Northern Greece. (Thirlwall, ‘History of Greece.’) The language of 
epic poetry arose out of this original tongue, which after the Dorian 
conquest passed, on the one hand, with the fugitives into Asia Minor, 
while, on the other, it continued to be spoken, for awhile at least, by 
the conquered peasantry who remained in Greece Proper. This tradi- 
tion, which however, like most of the earlier traditions of Greece, is 
involved in great obscurity, may perhaps serve to explain (what in the 
common legends of Homer is otherwise inexplicable) the similarity of 
the language employed by Homer and Hesiod, who, though near to 
each other in time, were widely separated in the supposed scenes of 
their poetical labours, This first matured form of the Ionic has been 
called pr gi epic, and was faithfully adhered to as the standard of Greek 
epic egiac composition b su uent writers of epos or elegy, 
which also owed its birth to Ionians. ast . “a 

On the formation of the new Ionic, or simply the Ionic, great in- 
fluence was exercised by the commerce of the Ionians, and especially 
by their intercourse with the soft and effeminate Asiatics, Neglecting 
the combination of strength with softness which gave to the epic dialect 
its characteristic fulness of tone, the Ionians attended only to mellow- 
ness and euphony, to attain which they softened the aspirates, accumu- 
lated vowels, and laid aside every broader and harsher sound. Herod- 
otus (i. 142) distinguishes four varieties (xapaxrijpes yAdoons) of the 
new Ionic, in one of which he wrote, and, though a Dorian, has left us 
the best and most complete specimen of it. 

IONIC ORDER. [Corumn; Grecran Arcurrecturs.] 

IPECACUANHA is an emetic substance, the root of several plants 
growing in South America. All the kinds have nearly the same ingre- 
dients, but differ in the amount of the active principle which they 

ively contain, termed emetina. The best is the annulated, 
ielded by the Cephaélis ipecacuanha, a small shrubby plant, native of 
Brazil and of New Grenada. Of this sort there are three varieties, 
namely, the brown, red, and gray, or gray-white, called also greater 
annulated ipecacuan. As this is the only sort sent from Rio Janeiro, 
it is sometimes called Brazilian or Lisbon ipecacuan. It is sent in 
bales, barrels, bags, and serons. The root is in pieces from two to six 
inches long, and about the thickness of a straw, much bent or twisted, 
either simple or branched, with a remarkably knotty character, owing 
to numerous circular depressions or clefts, which give the whole an 
appearance of a number of rings; and hence the term annulated. It 
consists of a central axis called meditullium, and an external portion, 
called the cortical part. One hundred parts of good ipecacuanha con- 
sists of 80 parts of cortex and 20 of meditullium. Lach contains 
emetina ; but by far the greater portion exists in the cortical. Of the 
three varieties of ‘annulated ipecacuanha the brown contains 16 per 
cent. of emetina, while the red contains only 14 per cent,; the gray 
has not been analysed, . 


om IPECUANIC ACID, 


IRON. 


Another sort of i uan is obtained from the ia emetica, 
called striated ; this kind contains only 9 per cent, of emetina, and the 
undulated or amylaceous ipecacuan, the produce of the Richardsonia 
acabra, holds only 6 per cent, of emetina, with 92 per cent, of starch. 
Besides these, the roots of numerous other plants are used in tropical 
countries as emetics, and often termed ipecacuan. 

The dust or powder of ipecacuan applied to any mucous surface 
causes irritation and increased secretion from the part. It is chiefly 
employed to excite the stomach either to ented secretion or to 
invert its action, and effect vomiting. It is also capable, by being 
combined with other substances, of being directed to the % 
producing increased iration. When given in very small doses, it 
improves the supetiho call tiaaiies wers ; in a somewhat larger dose, 
it acts on the intestines; but in a still larger, it inverts the action of 
the stomach, and occasions vomiting. It may therefore be used in a 
great many diseases, such as indigestion, dysentery, rheumatism, 
common saiciaten &c, [Emeta; Emerics; Diarnorertics ; ANTI- 
DOTES. | 


Some caution is requisite in using it, especially with children, as 
it has a great tendency to produce sleep, and deep depression some- 
times follows its use. When an emetic action is required, powder 
having a nauseous odour is preferable,; when a diaphoretic action is 
desired, as at the commencement of a common cold, ten or fifeeen 
drops of ipecacuan wine are proper, out of any mild warm drink. 

In case of violent vomiting from an over-dose, infusion of strong tea 
or oak bark may be given, and a mustard poultice applied to each side 
of the neck. 

IPECUANIC ACID (C,,H,,0,,%). Anacid of doubtful composition, 
found in the root of the Cephaélis ipecacuanha. It is amorphous, red- 
brown, and very bitter. It gives a green colouration with persalts of 
iron, and a violet-black with ammonia. 

IPOMAZA PURGA. [Jatar.] 

IPOMIC ACID. [Sesacic Acw.] 

IRIDESCENCE. A term applied to those brilliant colours which 
appear on substances presented in very thin plates, such as the soap- 
bubble, the laminz of saotherainend. ha INTERFERENCE. } 

IRIDIOCYANOGEN (IrC,N,) is a hypothetical compound radical. 
It forms with hydrogen iridiocyanic acid or hydroiridiocyanic acid, and 
with potassium an iridiocyanide of potassium. The latter occurs in 
the form of colourless crystals, and gives a deep indigo blue with the 
salts of peroxide of iron, This is one of the many compounds of a 
metal with cyanogen, like ferrocyanogen, and which howe all the power 
of combining with other metals possessed by that body. Thus there are 
cobaltocyanogen, chromocyanogen, platinocyanogen, &¢. [CYANOGEN. 

IRIDIUM (Ir). An elementary metal occurring in certain ores 
platinum. [Piatmum, in Nar. Hist. Dry.) It was discovered in 
1804 by Tennant, but has since been more minutely examined by 
MM. Deville and Debray. The following is the method recommended 
by those chemists for the extraction of iridium from the other metals 
with which in nature it is always associated. The impure chloroiridiate 
of ammonia obtained in the preparation of the metal ruthenium 
[RorHesrum) is dried and calcined, and the resulting powder subjected 
to a stream of hydrogen, whereby all traces of chlorine anf oxygen 
are removed. Platinum and some osmium are now extracted by aqua 
regia, and ruthenium separated by fusion with nitre and caustic potash, 
the alkaline salts being dissolved out by water. Any osmium that 
remains may be dissi by the oxidising flame of the blowpipe, and 
the pure iridium fused in the oxyhydrogen lime furnace. 

colour of iridium is pure white, somewhat resembling polished 
steel. At the ordinary temperature it is scarcely malleable, but at a 
bright white heat it is perfectly so. The specific gravity of iridium is 
ean its equivalent, 08°56. In the pure state it is unacted upon 


y . 
Tridium and oxygen combine in three different proportions forming 


Protoxide of iridium - : . . iro 
Sesquioxide of iridium , + « IrgOy 
Binoxide of iridiam . . 1rd, 


The protoxide is a black powder obtained on decomposing the 
eee with solution of potash. It is difficultly pase in ety 

ut is rapidly attacked by alkalies. The seaguioride is formed when 
the finely divided metal is ignited in a current of air; it is a bluish- 
black powder. The binoxide is, according to Clauss, always precipi- 
tated as an indigo-coloured hydrate when either of the chlorides of 
iridium is boiled with an alkali, 

Tridium and sulphur form combinations corresponding to the oxides, 
and may be obtained by passing sulphuretted hydrogen through solu- 
tions of the respective oxides in acids, The protosulphide (IrS) is 
yellowish brown, the seaquisulphide (Ir, 8,) brown-black, the bisulphide 
(Ir 8,), like the protosulphide, but darker, 

he “ a tia form three compounds ;—~ 

chloride of iridium.—(Ir Cl) is formed on chlorine 
over finely divided iridium heated to incipient — It isa ey 
olive-green der, insoluble in water, and but sparingly soluble in 
acids, but when fused with potash and the resulting oxide dissolved in 
hydrochloric acid and evaporated to po doen the protochloride remains 
aga babs rR yellow mass readily soluble in hot water, 

Seaquichloride of iridium sublimes when the finely divided metal is 


ited in a current of chlorine. In this state it is 
p when propaned O3 Sodiens itkieam with fused 
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platinum in aqua regia may be conducted in risk of 
their surface banka acted upon. : 
The derivation of the word Iridium is from Jris, the rainbow, beit 
engersted, by Fh many tints assumed by solutions of the oxides 
™ 
TRIDIUM-BLACK. [Inmrv«.] 
TRIS. OW. 


IRI'TIS is an inflammation of the iris, the t 
surrounds the pupil of the eye. (Eyx, in Nat. Hist. Dry.] It 
es g's originates in a disordered state of the system, in or 
syphilis, but it sometimes follows the exposure of the eye to an } 
Tight, or is produced by external injury, as the wound which is } 
in the operation for cataract, &c. 
aoe is principally chemnensconl Wy effusion of leah both a ie 
e substance of the membrane, ucing a peculiar dullness of ; 

colour, and on its surface in the form of small masses which adh ‘ 
the edge of and around gree The eye is at the same time ir 

losely contracted ; there is redness of 


Iritis is very likely to end in adhesions of the iris to the adjacent 
parts, by the fy organised, 


» ensue. 
These results may be produced in a few asi ond: the Enea it 
must therefore be prompt and vigorous, Blood should be dra 
m the head or neck; mere ia unually 
frequent and full doses till sali 


in is 
duced, and belladonna should be applied to or around the Hse 
; produce dilatation of the pupil and thus prevent its Fe 


c 
IRON, Medical Properties of. Yron, in a purely metallic state, does 
not exert any appreciable of Re over the human system. Never- 
theless metallic iron is recommended as an antidote to poisoning by 
the salts of copper. Iron filings have been administered with a view 
to precipitate the copper in a metallic and therefore innocuous state, 
White of egg is a more prompt and more accessible antidote. 
The employment of iron filings to absorb foetid exhalations from the 
feet is less beneficial than that of recently ; peapared and freshly - 
dered charcoal, put oreey morning into the shoes of those affli 
this annoyance, Iron filings are sometimes prescribed medicinally, but 
before any marked effect can be produced by them, the metal must become 
an oxide or a salt; the presence of any acid in the stomach or alimentary 
canal promotes this change, while ies retard it, This form has 
been adopted in the treatment of worms, chiefly from the notion that 
the worms would be annoyed and dislodged by the mechanical irritati 
of particles of iron, This is an erroneous view, [ANTHELMINTICS, 
Tincture of sesquichloride of iron in infusion of quassia is ely. 
beneficial in all cases of worms, but its efficiency depends on its to 
and astringent properties. 


A few only of the preparations and uses of iron can be given here. 
Sesquioxide of iron (rust, or the subcarbonate of some ), 
Fr given in tic douloureux, in very large doses; in some a 
with success. It is likewise useful in some cases of con- 


tractions of the joints. The very large doses in which it is required to 
be given is a serious impediment to its use; for not are the patients 
averse to it, but it clogs the intestines, which require to be frequently 
cleared out by a brisk cathartic. It is less objected to when given 
in London porter, a very suitable vehicle. 

The black oxide is not so liable to objection, as it is niore readily 
soluble in the fluids of the alimentary 

Ammonio-chloride of iron possesses no advantage over the simple 
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chloride ; the tincture of which, called tincture of sesquichloride of 
iron, is extremely valuable as an emme gue; it likewise is very 
beneficial in “ery eaeinthg = proceeding from relaxation of the 
uterus. It checks aturia from relaxation of the tissue of the 
Tn catarrh of the bladder it is very serviceable. In frequently 
tepeated small doses it relaxes spasmodic stricture of the urethra. 
feeling of nausea and sinking which it causes, renders patients 
averse to its repetition. It acts as a potent astringent when applied 
externally or to mucous membranes as an injection. “ 
of iron can be given in small , in pills or otherwise. 
Tts powers are often much heightened by combination with sulphate of 
quinia. In nervous debility and indigestion this form is valuable. 
The jo-tartrate of iron has less unpleasantness of taste than 


: 


isa tion of great value in strumous disorders. 
The same imay be mid of 
merly in the ‘ London Pharmaco 


citrate, zinco-citrate, 
quinine and iron; this last is of great service in tic douloureux. 
better form is the pyro-phosphate, which is soluble in water, warm 
cold ; the form of this in pseud ine scales, is BS ye Jae 
iron soda. This along with rhubarb is a most ious cure 
headaches of most young females. 
saccharated carbonate of iron has many advan’ 
persede the well-known Griffith’s mixture. Hy 
iron 
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Tt may 
proto- 
is stated to be an antidote to poisoning by corrosive 
be of use it must be given within ten minutes after 
been taken. White of egg is a better antidote. 

waters often furnish the best medium for administering 
is associated with much free carbonic 
free carbonic acid is present, and in some instances 
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. This often prevents the spasm which is apt 
very cold water is suddenly taken into the stomach. 
being reputed an antidote to the poisonous salts of copper, 
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innocuous, by giving promptly, first, solution of carbonate of potass, 
followed i vec diisied solution of the proto-persulphate of iron; 


the ob, being to form a ferro-prussiate of potass in the stomach, 
Sey »' 5th October, 1844; or ‘ Pharmaceutical Journal,’ vol. iv. 
p- 373. 


ical Effects and Therapeutic Employment of Tron —Iron exists 
both in plants and many animals, as the mammifere and birds, con- 
ray ytd ge part of their fluids and solids; but, incorporated 
as it is ly with them, it gives rise to none of those phenomena 
which it occasions when taken into the stomach. Upon the living 
tissues iron has a tonic influence; and as its preparations greatly 
promote digestion, they excite the appetite and render more easy the 
elaboration of the aliment. The vitality of the digestive organs being 
exalted, they extract from the food more of the nutritious principles, 
and thereby furnish a greater quantity fit to be assimilated. 
These beneficial effects are best seen when the medicine is given in 
small and long-continued doses, or in the tly diluted state in which 
occuts in the mineral waters or chalybeate springs. On the other 
chalybeates occasion at times, especially if in large doses, pain of 
the , Nausea, foetid eructations, and great anxiety; conse- 
quences referable to the immediate i ,asort of constrictive 
action, which the preparations of iron make or exercise when they 
teach the stomach, upon its internal surface, and the nerves which are 
distributed upon it. The unpleasant effects ma; rally be avoided 
0 it at first in very small doses, ie theroaacd, or by 
sting it with some v; ble substance of little activity. 
Tron given in large doses, when it reaches the intestines, produces in 


sothe obstinate constipation, accompanied with a sense of t 
hheat ih the lower belly ; in others it occasions colics and frequent alvine 


; while with a third set of persons none of these effects 
its administration. 
J the use of iron the freces invariably become blackened, which 
is by the tannin of our food acting upon the iron, 


Tn respect to the secondary effects of iron, the amount of these 
depends bc) or quantity absorbed, and the length of time it has 
been given. it is absorbed, in most instances, and carried into 
the , is proved both by the effects of it being felt over the 


‘whole system, and by being distinctly recognisable in the urine on the 
addition of an infusion of galls. When used for some time, chalybeates 
increase greatly the power of the heart; the pulse becomes stronger 
and harder—effects most observable upon persons previously enfeebled 
by disease. If persisted in, they cause increased arterial action, followed 
by febrile commotion, sense of heat, and hemorrhagic disc from 
different parts of the pone: These nine show themselves most 
speedily in persons of a plethoric habit and sanguine temperament ; 
iron ts rouses the absorbent organs when sluggish. 

The functions of nutrition and assimilation are greatly heightened 
by the use of iron ; but if it be too long persevered in, diseases of over- 
action ensue, as inflammations, hemorrhages, &c. These symptoms 
indicate the necessity of discontinuing it. es 

The preparations of iron are unquestionably efficacious in diseases 
which proceed from a relaxation of the substance of the living tissues, 
from an inactivity of the reparative or assimilative function, or in 
case of weakness:proceeding from deficient supply of nervous energy. 

Hence they are indicated in anemia, in convalescence from debili- 
tating fevers, and other tedious diseases, a8 well as after some of the 
more acute phlegmasie, as pneumonia, the cough remaining after which, 
if not occasioned by any organic change, is sooner removed by prepara- 
tions of iron or bark than any other means, Chalybeates are likewise 
given in defective menstruation from debility of the uterus, and some- 
times in sterility. In chlorosis iron is almost. our sheet-anchor, while 
it is also very serviceable in some forms of dyspepsia, also in worms, 
(in which the sulph.-ferri is given in large doses), in passive hemo- 
rrhages, and it is prescribed empirically in many of the cachexiz, as 
scrofula. 

Chalybeates are found useful in many nervous diseases, as hysteria : 
the cough which is often present in these cart may be effectually 
removed by preparations of iron. The indurations, too, of the mammsze 
(apt to be considered of a cancerous nature), and of other glands in 
hysterical females, are often dispersed by the use of iron. Some of 
the forms of tic douloureux, not dependent upon organic causes, are 
often cured by chalybeates. Iron has likewise been prescribed in the 
intervals of the paroxysms of intermittents, particularly quartans, 
The sulphate is given in the dose of 3i. in a pint of water,—in which 
circumstance it can only act béneficially, like cinchona or bitter 
tonics,—iron being among minerals what bitter herbs are among 
vegetable remedies. 

Chalybeates are contra-indicated in plethora and all inflammatory 
diseases, as well as active hemorrhages, as also during pregnancy in 
females of a sanguine ite aes 

IRON MANUFACTURE AND TRADE. The art of smelting 
iron was practised in this country during the time of the Roman 
occupation, The principal seats of the manufacture appear to have 
been Sussex and the Forest of Dean, or Arden as it was then called, 
It is known that iron-works existed in that part of Gloucestershire 
in 1238; because there occurs among the patent rolls of H Ill, 
of that date, one entitled ‘De Forgeis levandis in foresta de Dean.’ 
Remains of ancient iron-furnaces have been noticed in Lancashire, 
Staffordshire, and Yorkshire. The art of working in iron and steel 
was much practised in this island before the Norman conquest. We 
are told that not only was the army of Harold well supplied with 
weapons of steel and with defensive armour, but that the horses 
were covered with steel and iron armour, and that every officer of 
rank maintained a smith, who constantly attended his [master to the 
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Fig. 1,—Vertical Section of Blast Furnace. 
wars, and took charge of his arms and armour to keep them in proper 


repair. 
ere are three principal qualities into which this metal is comi- 


monly divided, namely, pig-iron, cast-iron, and malleable or bar-iroi, 


es 
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the second and third being the results of an extension of the pro- 
coases Nn) y for the production of the first. 

Pip-iron.—_‘The first process is that of reducing the iron-stone or ore, 
or, a8 it is technically called, the mine, into a metallic state by means 
of fusion. This operation is conducted in a blast-furnace, the form 
and construction of which will be understood from the following section. 
The interior of this furnace in the broadest part, which is called the 
boshes, is usually from 14 to 17 feet in diameter, and this is gradually 
decreased to about half that diameter at the top. The yop ec 
of masonry, the lining to the furnace being composed o -bricks 
carefully jointed ther with fire-clay: the whole furnace is strongly 
bound together with iron hoops or stays. The furnace és again con- 

. tracted below the boshes, and into this lower part the melted iron falls 
as it is formed. The ground-plan of this lower part of the furnace is 
constructed as shown in the following diagram, where the unshaded 


. 


Fig. 2.—Ground Plan of Blast Furnace. 


uare in the centre represents the hearth, and is about 3 feet square. 
The three tubes leading to this hearth (two of which are shown in the 
vertical section), and which are called. tuyeres, are used for/introducing 
the blast of air required to give the degree of intenseness to the heat 
necessary for fusing the ore. 

The size and form of the blast furnaces have undergone much 
change. Slight differences will be observed by comparing the section 
in jig. 1, with that at col. 241 of the article Furnace; but the modern 
alterations have been still more considerable. Half a century ago the 
furnaces were generally about 40 feet high, 10 or 12 feet across the 
boshes, and 34 feet diameter of tunnel-head, or cylinder, at the top ; 
and they were blown with only one tuyere ea By degrees the 
tunnel-head has been enlarged to 10 feet; the tuyeres have been 
increased from one to three; a new form has been given to the 
lower part of the interior; and in some instances, such as that of 
Messrs. Dixon's works at Govan, near Glasgow, the whole furnace is 
made cylindrical, The largest furnaces are now 60 feet high, and 
about 40 feet square at the base. Engineers are still divided in opinion 
pacugcys the best size of the throat, or contracted part between the 
body of the furnace and the tunnel-head ; but all agree that it should 
be much longer than those formerly employed. 

We have now to notice the filling of the furnace with iron-ore, coke, 
and limestone. The ore must previously have been roasted or calcined 


in a kiln, in order to drive off the water, sulphur, and arsenic, with 
which it is more or leas combined in its native state: by this process it 
loses one-sixth part of its weight. One of the recipes for smeltin 
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, ans be intimately mixed 
The limestone must be broken into small pieces; its use is to 
flux to the ore and promote its fusion, The mode of filling the 
varies a good deal. In Wales, the blast furnaces are 
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pneumatic 
power, Inclined planes have generally been used; but these are in 
many works being superseded by a di 
filling-mouths at the top of a furnace (of which there are sometimes 
four) is shown in jig. 3. The usual is to throw in the ore, coal, 
and limestone in alternate barro 


lescends vertically from the bri 
down beneath the surface of the ing material; the greater portion 
of the fuel is fed in through this pipe; while the other materials are 
fed in through the open mouth of the furhace ; insomuch that the fuel 
is always in the middie, and the ore and flux around it. lifts 
up the cover of the central pipe; and several scuttles or openings are 
left to admit rina pester’ i rpeti-aiter © cast-iron ] 
bear the intense , isa t not yet sati 

Supposing the fire to be lighted and the minerals introduced, the 
next matter is the important one of the blast, The heat that would 
be produced in any furnace’ by merely setting fire to the fuel which is 
thrown into it would be altogether insufficient for the fusion of the 
ore, if its intensity were not promoted by the forcing in of a current 
or blast of air. For this purpose it is necessary to use a strong 
mechanical force. Water-wheels, where they can be had, are suitable 
agents; but there are not many yes where a sufficiently ous 
and regular supply of water at all seasons can be and 
the success of an iron-work would be destroyed by the failure of the 
blast in any degree for even a short time. Steam-engines are now, 
therefore, acces universally preferred. This power is applied to the 
working of a egae, Bec which may be many times the area 
of the cylinder of steam-engine, If the blast thus produced 
were passed immediately from the blowing cylinder through 
tuyeres to the furnace, the effect would be intermitting and irregular, 
ceasing at the end of each stroke of the steam-piston. To remedy 
this inconvenience the blast is carried into an intermediate chamber of 
a spherical or cylindrical shape, called a regulator; and as the air is in 
a state of condensation when admitted, its effort to d itself again 
to its natural volume causes the continuous and_re; supply to the 
furnace which is necessary. The air thus forced into the furnace keeps 
the heat at a high degreg of intenseness. Until about oy ago, 
the air thus supplied was uniformly at the temperature o! atmos- 
phere from which it was immediately taken; and the effect was not 
only to produce a stream of cold air, but also to supply a quantity of 
moisture which is prejudicial to the smelting process. Atm 
air always contains moisture in some degree or other, but holds a 

r proportion in hot than in cold weather, for a very obvious reason, 
and this causes the furnaces not to work so well in summer as in 
winter. By the previous drying and heating of the air these incon- 
veniences are remedied, the consumption of fuel is lessened, and the 
absence of moisture is said to have a beneficial effect upon the qi 
of the iron produced. This improvement was the invention of Mr, 
Neilson, of the Clyde iron-works, and was made the subject of a 
patent in 1829, The air, before it is forced into the furnace, is heated 
in cast-iron vessels to 300° Fahr., or more, and is thus more ni 
than when at its natural temperature in a condition to support com- 
bustion. 

The precise value of the hot-blast has been a subject of very 
controversy. That it has contributed greatly to the adyance of the 
manufacture is beyond all question; but some emg appear to 
this estimate to too highadegree. Just before "Neilson introduced 
his method at the Clyde Works, it was customary in that establishment 
to use eight tons of coal for making one ton of iron; in the next 
following year the quantity was reduced to five tons and a quarter, 
with an addition of eight cwt. for heating the air before using. In 
1831, Mr. Dixon, of Calder Works, found that if the temperature of 
the blast were raised far above 300° Fahr., raw coal might be 
instead of coke in the blast furnace—a most important disco 
it rendered unnecessary the cost of time and money in col 
for making certain descriptions of iron. From that time 
usual to raise the blast to 600° Fahr., about sufficient to melt 
zinc. In 1833, it was asserted that three tons of coal suffi 
that for heating the air, for smelting one ton of iron; | 
same quantity of air would blow four furnaces as had previously 1 
used for three, The hot-blast has from the first been more favou: 
fordshire; nevertheless it is 
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in Scotland than in Wales or in Staff 
creasing everywhere in use, Mr. Truran takes exception to some 
Mr. Mushet’s statements concerning the enormous saving effected by 
using the hot-blast, He contends that only a part of the economy 
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now unquestionably observed in the manufacture is due to this cause, 
the rest being traceable to other improvements. He shows this by 
adducing the important fact that furnaces, in which the hot-blast has 
never been em , continue to increase their produce. This has 

especially observable at the great Dowlais Works, near Merthyr 
Tydvil, where the economising of fuel has been very great without any 
change in the temperature of the blast. Mr, Truran attributes these 
improvements partly to an increased use of carbonaceous ironstone, 
sak patty to an enlargement in the throat of the furnace, which 
facilitates the use of raw coal as a substitute for coke. At the Ply- 
mouth and Works, one in Glamo: ire and the other in 


feet of air per minute, at a pressure of 3 Ib. on the square inch; and 
its boiler-furnaces consume a ton of coal per hour to raise the neces- 


steam. 

the blast, whether hot or cold, ing done its work, the metal 
contained in the ore has become liquefied, and is then ready for 
The is run from the furnace every twelve hours, by 

it in the front, ona level with the bottom of the hearth, at 
be seen from the diagram, there is no tuyere 
the furnace is , the eae ae 
e 


the large main channels, and in the other case the smaller blocks which 
are formed in smaller side channels communicating with the larger 
ones ; these names were ado from the fancied resemblance of the 
cast metal to a sow and her li of pigs. This is iron in its crudest 
state. The weight of materials lost in its production is somewhat 
greater than that of the fuel used; taking into account the refuse 
cinder and ashes with the metal, the whole does not weigh quite so 
much as the ore and lime that have been put into the furnace. Large 
heaps of cinder are gradually accumulating in the neighbourhood of 
iron-works, and give a dreary aspect to the country. 

The quality of pig-iron varies according to the purposes for which it 
is intended, and d not only upon the quality of the ore, but alsu 
upon that of the fuel. The principal division is into fowndry-iron and 
Sorge-irom, the former being used for castings, the latter for conversion 
into malleable iron. Foundry-iron is further divided into three 
qualities, distinguished by the numbers 1, 2, and 3, No. 1 contains a 
large proportion of carbon, which it has acquired from the coke used 
in smelting, and the quality of which has been chosen with a view to 
the production of this kind of iron; it is soft and very fluid when 
melted, so that it will run into the finest and most delicate forms the 
moulder can uce. No, 2 contains a smaller proportion of carbon; 
it is harder No. 1, closer grained, and of more regular fracture ; it 
is more refractory in the furnace; and does not run so freely when 
melted as No. 1; but as it is harder and stronger, it is preferred for 
purposes where strength and durability are required in preference to 
delicacy of form: these two kinds are unfit for conversion into bar- 


Fig. 4.—Casting Iron Pipes, 


iron. No. 3 varies in the same direction as No, 2, but in a greater 
degree, from the qualities of No. 1; it is used for many kinds of heavy 
ARTS AND SCI. DIV. VOL, IV. 


work, where it has to bear great strains and is exposed to constant wear. 
Forge-iron is divided also into three qualities, and is distinguished as 
bright-iron, mottled-iron, and white-iron, which names are indicative 
of the appearance each quality presents to the eye. They all of 
them contain some carbon, but less than foundry-iron, and in propor- 
tions diminishing in the order in which they are here mentioned, white- 
iron having the smallest proportion of any, and being exceedingly hard ; 
its fluidity too is so small that it runs with difficulty into the c els 
provided to receive it at the first smelting, and it is altogether 
incapable of being afterwards used for foundry purposes. 

Cast Jron.—Of casting or founding we ueed not speak here; it has 
been sufficiently noticed under Founprna, and under other headings 
cited in that article. One of the modes of casting iron-pipes is shown 
in fig. 4. 

Malleable-iron.—This, which is also called forge- or bar-iron, is pig- 
iron freed from carbon and oxygen. The first operation for producing 
this change is called refining. It is performed in small low furnaces 
about three feet square at the base, having the bottom or hearth of 
fire-bricks, and the sides of cast-iron, made hollow to allow a stream 
of water to pass constantly through, which prevents their being quickly 
burnt away ; near the top are holes for the insertion of blast-pipes. 
These refineries have iron doors at the back, but are open in front; 
the whole is surmounted by a chimney of brick-work carried to the 
height of 20 feet from the ground. At the level of the hearth in front is 
a hole similar to that in the smelting-furnace for running out the melted 
metal. This communicates with a flat mould of cast-iron 20 feet long 
and 2 feet wide, placed over a cistern of water with which its under 
surface is in contact, and which serves to cool the metal rapidly as it 
runs into the mould. The iron is kept in a state of fusion in the 
refinery for some time, exposed to an intense heat produced by a 
strong blast. From the sudden cooling to which it is exposed, the 

late when run into the mould is very brittle: when broken the 
fracture presents a bright silvery appearance. From 22 to 23 ewt. of 
pig-iron is required to produce one ton of refined iron, and from 
10 to 12 ewt. of coke is used for the purpose. 

The iron being refined, the next process employed for making bars 
is called puddling, and is performed in a reverberatory furnace, thence 
called a puddling-furnace. The structure of this furnace will be ex- 
plained by jig. 5. In this diagram @ is the grate, which is supplied 


Fig. 5.—Section of Puddling Furnace. 


with coal through a door in the side. The refined metal broken in 
small fragments is placed in the body of the furnace 6, over which the 
flame is made to play in its i to the chimney, c. The degree of 
the draft is by a per on the top of the chimney, which 
is about 30 feet high. Such is the intenseness of the heat in these 
furnaces, that when the damper is raised the flame is sometimes 
carried to the top of the chimney. Compare this cut with one in 
the article Furnace, col. 240, for a few additional details. The quantity 
of refined metal put into this puddling-furnace at each charge is from 
34 to 4cwt. In about half an hour from the charging of the furnace 
the metal begins to melt. The puddler then observes, through a small 
hole provided for that purpose and for the introduction of his tools, the 
progress of the work. The business of the puddler is so to dispose of 
the pieces of metal, moving them by means of his tools, as to ensure an 
equable application of heat to the mass: When the whole quantity is 
fully melted, the puddler stirs the metal about briskly, changing his 
tools continually that they may not be melted. By means of this 
RB the metal gives off an elastic fluid, and after a time becomes 
thick, and grows increasingly so, until it loses all fluidity and forms 
into lumps. The contents of the furnace are then divided into five or 
six portions by the puddler, and each is made up by means of his tools 
into a roundish form. These balls are technically called blooms. Being 
taken from the puddling-furnace they are subjected each to several 
blows from a heavy hammer (called shingling), which makes them more 
compact and gives them a shape more convenient for going through the 
rollers. The form and construction of these rollers are shown in the 
following diagram. The bloom is passed in succession through the 
holes in a, beginning with the largest and proceeding to the smallest ; 
or through the grooves in the second roller }; and is thus reduced 
to the requisite width and thickness. By these rollings the iron is 
converted froma fusible, hard, and brittle substance, to a tough 
and elastic bar which is hardly fusible, and which from its property 
of yielding and altering its form under the hammer has acquired the 
name of malleable iron. The quantity of refined metal required to 
3R 
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make one ton of these rough bars is about 22 ewt., and the quantity of | little more is necessary than to vary the rollers through which the ir 
coal consumed in the process is about 17 ewt. - passes, in their diameter, their power, their closeness, or the size and — 
shape of their eg In some of the establishments, the roughing- — 
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Fig. 6.—Puddling Rollers, 


All the processes of refining, puddling, and blooming, like those of 
smelting, have undergone numerous improvements within the last 
few years. Refining is always needed for making the best iron; but 
it is not so much adopted as formerly for the medium kinds. Some- 
times, instead of refining and puddling, a process called boiling is 
adopted ; and this practice has of late been greatly extended. Those 
who ‘boil their pigs, as it is termed, do so under the impression 
that it obviates some of the waste involved in refining. The boiling- 
furnace differs in some particulars from the others. Into it is put 
a portion of hammer-slag, then pig-iron, and then fresh coal, The 
metal is kept almost in a boiling state for half an hour, the puddler 
working it about all the time; a cinder or heavy slag falls to the 
bottom, and the gradually-thickening iron is worked about into balls, 
As generally conducted, the melting oceupies about half an hour, the 
boiling half an hour, and the balling an hour. All the manufacturers 
admit that refining and puddling produce the best iron; but they 
differ in opinion concerning the relative advantages of boiling for the 
middling and cheaper qualities. Boiling is less in favour in South 
Wales than in Staffordshire. When the iron has been worked about 
into balls or blooms, either by refining and puddling, or by boiling, 
the blooms are, as we have said, shingled, or series with a few blows 
of a heayy hammer ; this is admitted to make the best iron; but the 
makers of .inferior kinds prefer to use a machine called a squeezer, 
because it leaves some of the slag in the metal, and thereby increases 
the quantity. Mr. Brown, of the Oak Farm Ironworks, has recently 
introduced a machine for this purpose. Three excentric cams work 
simultaneously ; they are kept rotating in one direction by wheels and 
pinions, worked by steam power. The conyex sides of the cams are 
grooved and serrated, A bloom of white-hot iron being dropped into 
the concavity of the upper cam, it is drawn into the centre of motion 
of the three cams; conyexities approach nearer and nearer, and 
the serrations squeeze and knead the iron like dough, The slag and 
impurities are expelled, more or less completely, and fall out of the 
machine. By the approximation of the cams, the iron is sent out as a 
sort of _—— This may be the best place to notice a plan brought 
forward by Mr. Maudslay, in 1858, for producing cast-iron possess- 
ing a degree of toughness almost equal to that of the best wrought 
iron for the steam-engine manufacture. The plan consists in the 
employment of an entirely novel furnace, which revolves on an axis 
inclined about 10° from the perpendicular. The rotation is maintained 
by a system of gearing and toothed wheels, actuated by steam power. 
The iron being brought into a molten state in the furnace, and being 
kept constantly stirred, the two movements of rotation and stirring 
afford great opportunity for the sulphur and other impurities to 
escape from the mass and to fly off. The iron becomes semi-puddled ; 
it retains a sufficient degree of fluidity to be cast into moulds, which 
fully puddled iron does not; while it has more fibre and toughness 
than pig or raw iron. The metal is, in fact, precisely in a medium 
state between pig-iron and malleable-iron. 

Rolled Fron—We shall adopt this as a convenient name for iron in 
a more advanced state. We have seen that the crude smelted metal 
constitutes pig-iron ; that when this is run into moulds it becomes 
cast-iron ; and that when the pigs have been refined and puddled, or 
boiled, the result is malleable-iron. This malleable iron is the sub- 
stance from which are made bars, rails, nail-rods, wire, sheets, &c., 
all of which we may consider to be varieties of rolled iron, since 
they all pass between the nearly touching surfaces of ponderous 
iron-rollers. 

When the blooms have been « ed or squeezed, and roughly 
rolled into bars, in the manner 'y described, and while Faery <j 
they are cut into convenient lengths and taken to the balling-furnace, 
the shape and construction of which resemble the puddling-furnace, 
Tn this balling-furnace the bars are piled evenly, so that one bar does 
not project beyond another. Several of these piles, each of which is 
composed of five or six bars, are placed at once in the furnace, and 
wheu sufficiently heated, so that they will weld er, the piles are 
taken out separately and are passed again through rollers similar in 
construction to those described above, but diffe: from each other 
in the form of their orifices and grooves, so that either round or 
flat or square rods and bars may be produced at the pleasure of the 


In the production of various kinds of iron from the malleable state, 


used, are of vast size and weight—as 


64 feet long by 22 inches in diameter, requiring great steam-power to 


Pig. 7.—Rolling Bar-iron, <7 


rotate them. Some of the achievements in rolling bars 
remarkable, When the Great Exhibition of 1851 was about to 
held, the Rhymney Works in Monmouthshire produced the 

and heaviest rail ever made, being 52 feet long and weighing 1575 Tbs 
Thereupon, the workmen at the Tredegar Works voluntarily under- 
took, for the honour of their firm and not for pay, to produce a 
larger rail ; their specimen was 60 feet long, but a few pounds 


than that from Rhymney. The rolling of iron into rails, bars, and — 


> 
z 
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rods is very similar in its character, seeing that there are grooves 
in the rollers for all these kinds. In producing sheet-iron, however, 
this is not the case; the rolls are smooth, and the gradual thinning 
of the sheet results from bringing the rollers more and more closely 
into contact. In preparing the sheets for yarious man pur- 
poses, a machine is sometimes used, one end of which cuts the iron as 
if it were a piece of pasteboard, while the other pierces it for the 
reception of rivets. 

It is right to mention here, that the rolling of iron was one of the 
capital inventions of Richard Cort, who, by a series of lalou 
actions on the of a government officer, and laxity in officis 
morality general y, was brought to utter ruin in the attempt to carry 
out a system which has greatly enriched the iron manufacturers ot 
this country. The whole case is being minutely narrated by Mr. 
Webster, the barrister, in a series of papers in the ‘ Mechanics’ 
zine’ for 1859 and 1860. 

Projected Improvements.—It is impossible to notice here all the 
novelties introduced or proposed in the iron manufacture within the 
last few years ; but there are three concerning which a few words may 
be given; namely—the production of “Say Mle from the ore; the 
utilisation of slag; and the utilisation of the gases and heated air of 
the blast-furnace, The yer introduced and warmly advocated by 
Mr. Bessemer will best be noticed in connection with Srme, Manu- 
FACTURE. 

The making of wrought-iron direct from the ore is now 
much attention in the United States, The iron is in this 
Ehambal ite caply welded tastoon, ies tae ieee aa 
chamber, it is simply wi j ere are 
cesses at work to thts end, In one, Kenton’s, the 
the reducing chamber passes round a series of tubes where the 
hale gpamcion, “homey Teri's hagine Ge pabietong Neal 
whole on, i e 
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place much reliance on the methods, : 

The utilisation of slag is an important matter, if practicable; 
there are millions of tons of it lying waste, all of which is known to 
contain a certain per-centage of Yon, Professor Bleekrode, in a com- 
munication to the Society of Arts in 1859, drew attention to this 
matter, Of the vast of slag now existing some are modern, while 
some are the remains from ancient works, The Swedes make good 
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68,000 tons; the weekly 
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iron from the slag of their old charcoal smelt-works, in a furnace sug- 
ey ea ae a At Liege slag is mixed with-the poorer 
ores, smelted. The Silesian slag has been utilised since 1855, by 
mixing it with a certain per-centage of argillaceous schist and limestone. 


method of extracting economically good iron from these rich 
would be of great advantage to the yi cea adtnedins jal once 


: 


’ e air, the ~slag becomes oxidised -and 
rusted ; if not well annealed, it becomes friable; if in every way well 


fuel to work it that it ceases to 

@ com ; table material. 
The third uly Dec the utilisation of waste heat, was taken up a few 
ago by the Ebbw Vale Iron Company of South Wales. After a 
Javier ihe pertormnad the work fde which 1t4s intended, vatioun genes 
escape with the smoke, at the upper orifice; and these gases carry 
with them a large amount of valuable heat. If the heat could be 
abstracted and usefully applied, without lessening the power of the 
economical benefit would result. The above-named com, 
had eleven blast-furnaces, five engines to produce the blast, and 
-five boilers to supply the es with steam. The greater 
boilers were wholly heated by the waste heat from 
furnaces; and various ovens and stoves in the works were 
similar means. The heated were arrested near the top 
furnace, carried out a horizontal tube, mixed with atmo- 
i itted in thin sheets or layers, and ignited by a small 
formed a true gas-light ; and this gas-light heated a large flue, 
surrounded a boiler containing water ; and thus was a 
steam obtained. These operations at Ebbw Vale depended 
combustion of the furnace gases; and the Ystalyfera Works 
ed the by mixing the gases more thoroughly with atmo- 
ja . At the iron-works generally, however, it is considered that 
are disadvantages which counterbalance the supposed saving; and 


neither has been very extensively acted on. 

iron Prade‘itse.¢ poerah dies teks tender, one of. the tinet 
ceca, Pa e history of our national industry. When 
charcoal was for fuel ; 
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when there were no ines to force 


things 

that in 1740, the produce of iron in Great Britain was about 
17, tons. In 1750, a bill was brought into parliament, in the 
interest of iron-purchasers, for the importation of iron from the Ame- 
rican colonies. This was opposed by the tanners, on grounds not very 
pthc! ape te but curiously illustrative of the spirit of protec- 
tion. If, it was argued, colonial iron be admitted, English iron masters 
would be undersold ; if so, some would be ruined and others would leave 
the trade; if so, many of the furnaces and fi would be put out of 
blast; ifso, less wood would be used for fuel; if so, there would be 
leas oak-bark in the market; and if so, the tanners might suffer from a 
deficiency of tan-material. Later in the century, however, when im- 
provements and new appliances were numerous, it mattered little 
was imported or not; seeing that the home 
“produce would supply all demands. By 1788, the produce reached 
uce from the blast-furnaces averaged 
about 20 tons each. By 1796, the produce was 125,000 tons, and the 
weekly average per furnace 27 tons (taking the celebrated Dowlais 
as an exemplar). Approximate estimates made at different 
times, set down the quantities of pig-iron made at 250,000 tons in 1806, 
400,000 tons in 1820, and 690,000 tons in 1827; the a produce 
per furnace being raised in those same years to about 42, 62, and 70 
tons per week, by the adoption of larger dimensions in the 

furnaces themselves, and ly by improved processes, 

The introduction of hot blast by Mr. Neilson in 1829 was 
shortly followed by a very remarkable extension of the manufacture. 
The a of 1836 was about 1,000,000 tons, and the weekly average 
per about 85tons. The year 1839 was the first for which any 
trustworthy statistics were obtained, the estimates for previous years 
having been little more than guesses. Mr. Mushet, for that year, set 
down the number of blast-furnaces at 430, of which 377 were at work, 

about 1,250,000 tons in all. Of the fuinaces in blast, 135 
were it 


‘ales, 188 in England, and 54 in Scotland; Wales had the | 


largest yield per furnace, but England the largest total yield. Soon 
after this period the Scotch manufacturers made such an enormous . 
extension of the trade, that they quite glutted the market. The large 
profits led to the building of new furnaces; the discovery of blackband 
in the Airdrie district increased the available store of cheap raw 
material; the hot-blast effected a saving in the coking of the fuel; 
and the Scotch banking system led to the advance of capital almost to a 
reckless extent. Hence the produce of pig-iron in Scotland, which had 
been only 37,000 tons in 1830, rose to 197,000 tons in 1839, and 
276,000 in 1843. It was especially in 1841 that the Scotch makers 
glutted the market, ata time when the demand was not brisk ; Stafford- 
shire and South Wales suffered severely, for they could not manu- 
facture at a profit, at the prices ished by the Airdrie masters. 
The railway mania of 1844-5, however, revived the trade; the com- 
panies not only took all the railway-bars available, but called for so 
enormous a quantity that new furnaces were needed to supply it. In 
1845, Scotland alone made 470,000 tons of iron, of which no less than 
234,000 were shipped at the Clyde for England and elsewhere ; in 1846 
these numbers rose to 522,000 and 277,000 tons respectively. Advan- 
cing to the year of the Great Exhibition, we find that Scotland produced 
in 1851 the vast quantity of 803,000 tons; which was increased to 
840,000 in 1853. It had by this time been discoyered that Scotland 
could make raw or gre at a cost only a little exceeding 20. per 
ton; from 1848: to 1853, the market price varied from 2/. to 3l.; 
many of the furnaces being thrown out of blast in the season when 
the market price only reached, or barely reached, the cost of produc- 
tion. Bar-iron fluctuated much more considerably ; for it differs more 
in quality,and has had a larger amount of labour bestowed upon it, 
than pig or crude iron; it was sometimes as low as 51. per ton, some- 
times as high as 107. Mr. Braithwaite Poole gave an estimate of the 
iron produce of 1852, for the whole kingdom; from which it appears 
that there were 497 furnaces in blast, 158 out of blast, and nearly. 
2,700,000 tons of iron uced—of which England produced 1,190,000, 
Scotland, 775,000, and Wales 716,000. The authority for this estimate 
was, however, not given ; and so far as Scotland is concerned, it falls short 
of one given by Mr. Scrivenor. ' 

The most trustworthy statistics of the iron trade of Great Britain, 
and the latest available in date, are probably those of Mr. Truran, 
published in his volume on the ‘Iron Manufacture.’ This engineer ' 
was manager of Guest’s vast establishment at Dowlais, and afterwards 
of Crawshay’s at Hirwain; and consequently had the best means of 
acquiring a practical knowledge of the whole subject. His figures 
refer to 1855. He gives the name of every iron-work in Great Britain ; 
the number of blast-furnaces at each; the weekly power of production 
at each furnace; and the aggregate power of produce in the year. 
Avoiding all the minute detail, some of the more genefal results may 
be given here, dividing the island into districts for facility of com- 
parison :— 


Weekly Total 
No, of No. of Average. Produce, 

Districts, Iron Works, Furnaces, tons, tons. 
South Wales . ‘ ‘ » 38 169 118 1,042,776 
South Wales (anthracite) , . 11 37 72 189,880 
North Wales . : . « 9 19 63 62,180 
Dean Forest . . +5» 5& 10 94 48,880 
Lancashire (charcoal) , « 4 4 t 4,200 
South Staffordshire . « » 65 169 108 950,520 
North Staffordshire. . of 19 104 102,960 
Derbyshire wha els eae 80 101 158,080 
Shropshire . as . 14 84 86 161,720 
South and West Yorkshire. . 12 31 72 116,480 
North Yorkshire and Durham, 23 79 182 541,320 
Scotland . ‘ . + 2.27 145 145 1,082,640 


figures present much which is worthy of notice. The total 
producing power in 1855 was about 4,400,000 tons, made in 746 blast 
furnaces at 227 iron works ; arene Ss wees weekly produc; 
power of 113 tons per furnace. es of produce were, in ro 
numbers, England 2,080,000; Wales 1,240,000; Scotland 1,080,000. 
In the South Wales district, the gréat Dowlais Works alone figure for 
18 blast furnaces and a produce of 108,000 tons, The South Stafford- 
shire district had numerous works, but none very large, the highest 
comprising five furnaces; the weekly yield varied from 80 to 150 tons 
per furnace, The Scotch works comprised many of large extent, such 
as the Gartsherrie with 16 furnaces, and the Dundyvan and Monkland 
with 9 each; the produce was high, for none of the furnaces 
figured for less per week than 120 tons, and the average rose to 145. 
The most surprising advance, between 1839 and 1855, had been made 
in the Tees district, or Durham and North Yorkshire, owing to the 
discovery of ironstone in the Cleveland hills, his district had only 
5 furnaces, of 50 tons weekly yield each, in 1839; whereas it had 79 
furnaces, of 182 tons yield,in 1855. The largest or most powerful 
furnaces were in Monmouthshire (belonging to the so-called South 
Wales iron district), where some of them had a yield of more than 
200 tons per week. 

Mr, Truran was careful to state that the above were the producing 
powers of all our iron works, if all the furnaces had been in full blast 
throughout the whole year. But this is never the case; there are 
always many furnaces out of blast, and many periods of slackened 
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operations. He selected the preceding , 1854, to show actual and exhibits waving lines of red fire, bearing more 
Sustead of potential conalic; and ha tomnd hess tetiioan s— resemblance to a volcano than else to be seen in this country, 
These vast heaps of rubbish are ast Bing op rye re 
1854, is no where else to ; and portions of the upper hd 
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Th the 16 years from 1839 to 1854, the furnaces in blast had increased 
from 379 to 599; the weekly average produce per furnace from 63 to 
118 tons; and the total produce from (about) 1,250,000 tons to 
8,590,000 tons—very nearly three-fold. To produce these 3,590,000 


tons, Mr, Truran estimates that there were required 
Clay ironstone . . . . » «+ 7,866,000 tons 
Carboniferous ironston: e . « « 3,845,000 ,, 
Siliceous ironstone . . . e ° 580,000 ,, 
Hematite ironstone . . . a 555,000 ,, 
Limestone as a flux . . . . - 2,450,000 ,, 
Coal as fuel . . . « . + + 20,046,000 ,, 
$4,842,000 


Or, nearly 10 tons of crude material to make 1 ton of iron; but there 
seems to be included here, not only the coal for actual smelting, but 
also that for refining, casting, forging, &c. Almost as much coal is 
needed for converting pig-iron into malleable as for smelting from 
the ore. It is necessary to bear in mind that, for this same year 1854, 
Mr. Blackwell gave an estimate much below Mr. Truran’s in the 
quantity of iron made, and still further below in the quantity of coal 
used; but the grounds for his estimate were not so fully stated. Mr. 
Blackwell allows 3 tons of coal for smelting 1 ton of iron, and 3 tons 
for converting 1 ton of pig iron into malleable. 

Mention has more than once been made, in the foregoing paragraphs, 
of the vast Dowlais Works, No better example could be selected to 
illustrate the general character of all such establishments. More than 
a hundred years ago, the Earl of Windsor granted a lease of a ion 
of ground near (what was at that time) the small agricultural Shae 
Merthyr Tydvil, on the confines of the counties of Glamorgan, Mon- 
mouth, and Brecknock ; with a right to use the coal, iron, and limestone 
found beneath the surface, On this ground was erected a blast-furnace, 
which became the pattern or model for many others. On account 
partly of the smallness of the furnace, but still more of the imperfection 
of the smelting operations, the weekly yield of pig-iron per furnace 
was small, Forty years after the establishment of the works it was 
only 20 tons; by the year 1800 it had risen to 36; and taking succes- 
sive intervals of ten years, it ap, that the weekly yield per furnace 
was 50 tons in 1810, 62 in 1820, 78 in 1830, 88 in 1840, 102 in 1850; 
while the details already given show how probable it is that the yield 
will be vastly greater in 1860, Not only did the yield per furnace 
increase in this way, but the number of furnaces also underwent many 
augmentations. At the beginning of the present cen there were 3, 
4 in 1815, 8 in 1820, 12 in 1826, 18 at present ; privet heme blast- 
furnaces, irrespective of a much greater number of calcining, puddling, 
refining, founding, and other furnaces. bg Oe 4 in the operations a 
Mr. Guest was one of the partners; and the course of time his 
successors became sole owners of the vast The late Sir John 
Guest was a remarkable man: he learned ogee y all the operations 
of iron-making, from beginning to end; he made himself acquainted 
with the Welsh language, in order to become intimate with his work- 
people; and even when he a residence of almost feudal 
magnificence at Morlais Castle, and had married a 's daughter, his 
heart was still among the smoke and din of the works, Dowlais made 
10,000 tons of pig-iron in 1810; whereas, in 1849, it made 100,000 
tons. In 1852 it was calculated that the various furnaces and operations 
employed 5000 horse-power of steam-engines; that there were raised 
2,000,000 tons of minerals from the ground beneath the estate, of 
which 800,000 tons consisted of ironstone, limestone, and coal, actually 
thrown into the furnaces; that a ship a day was hted at Cardiff, 
on an.average, with iron brought down from Dowlais by the Taff Vale 
railway and the Glamorganshire canal ; that 10,0001, a week was paid 
in the mere procuring of which by the appointed day, in coin, 
was a financial operation of no small magnitude ; and that 7000 persons 
were employed at direct pay, who of course supported many thousands 
more at home. Some of the machinery is of the largest kind ever 
employed in iron-works, In 1857 there was a steam-engine powerful 
enough to blow the blast for six of the greatest furnaces; it had a 
beam of 40 tons, and a fly-wheel of 35 tons. The rolling-mill had a 
fly-wheel 21 feet in diameter, and a driving-wheel still \ 
rail-mill was capable of making 1000 tons of railway bars per week. 
Ever since the rise of the railway system, Dowlais has been famed for 
ita railway bars more than for its castings ; when it made 100,000 tons 
of iron per annum, three-fourths were sent from the works in the form 
of bars and rails. It is at night that the works should be seen, when 
all the furnaces are vomiting forth their flames high into the air, 
throwing around a lurid smoky light of extraordinary character. Most 
of the blast-furnaces are ranged in a semicircle, on the outside of 
which have gradually accumulated millions of tons of slagand rubbish ; 
this slag, hot within long after it has become cool on the outside, 


imy ion on the mind of a visitor not readily 


RON BOATS AND SHIPS. [Sure-sur_prne.] 


guise of earnestness simpli undue pretensions, 
even while it professes to honour and admit them. It stands inter 

mediate between naiveté, or frank simplicity, on one oe 
banter and iflage, on the other. the former it is 


vib 


Quintilian (lib. ix., c. 2) disapproves of as very » and 
ferred igi which we are indebted to the of the 
Athenians, among whom Socrates, the master in this art, was called 
emphatically the Ironical (6 elpwv). ‘The strict of the term 
is very doubtful, One explanation, looking to the so-called Socratic 
method of question and answer, takes it to mean simply “ the inter- 
rogator;” while another would derive it from elpew, to which — 
may have had reference to the skill wherewith reduced the 
sophists to the necessity of adopting some fixed and stable point for _ 


a — of oe Pas ip declamation, which, e 
yvourable to delusion allacy, they preferred. Both explanations 
ually leave out of consideration that element of latent 1 
Srhiichs pusdioesdinehes tes fg casters elteaglaiions of the word, but wl 
was probably only accessory to the original idea. For 
serious object of Socratic irony, in which he represented. 
desirous to learn of those whose claim to wisdom he 
was to awaken reflection by the ag oe of the 
Soumtgunatly ef we Ictale,« fae Nod. o/greeanryeccuidianan an 
consequently of two ki a t a grosser, i 
to do arg Ae more presumptuous of the sophists, whose — 
ee ees — he meg hindrig or, with those i 
younger but not less conceited spirits, yet sought ‘for 
the sake of benefit and improvement, and therefore eaineh a aa ) 
and more merciful treatment. : 

The ironical argument proceeds in simulated ignorance, 
appearing to agree with those whom its purpose is to refute, in 
certain erroneous opinions and maxims, brings out the antagonism 
truth to error, and gradually involves them in i difficulties, — 
On this account it has been considered a species of apogogical argument — 
(rijs eis Gbvarov &raywyis), or reductio ad absurdum. “yep 

As a figure of rhetoric, it is correctly defined to be that mode in 
which our words convey a sense directly contrary to what we express, 
but agreeable to what we mean and are understood to mean. sy 
‘Moral Science,’ c. i. § 1, p. 4.) In an opposite and somewhat ‘ 
sense those mistakes have been called ironical wherein our intended 
expressions receive an inverted signi ns 

Since the essence of irony consists in its serious and ing sim-— 
plicity, it is essential to its successful application that it shoul enema 
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IROQUOIS. 

IRRADIATIO 
luminous object, but the w 
enlargement of the dise of a 
caused either by a deviation of the rays of light froma 
direction, or by some illusion 
the eye. 7 " 

When rays of light from: points at the surface of an object fall on 
the retina, there may be produced on the latter an agitation extending 
within short distances about the points to which the rays in the 
cils-are made to converge by the humours of the eye: pm 
—7 arise a perception of a fringe or border about a luminous 
and consequently an apparent enlargement of such » Thus, 
image of a star, when seen by the eye, appears to be a of sensible 
magnitude, instead of a mere A aod which, on account of its remote- 
ness, would be the case if the rays of each pencil ced no effect 


ayy 


aT a ee 


arising from the action of light on 


nat nae 


4 


i 
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beyond their mathematical point of convergence: the disc of the sun __ 
or of the moon is conceived to be, in like manner, tly enlarged; 
and thus, also, the part of the moon which, when latter is new, is 


aeprvegc} boy sun, - to be pane of a sphere of greater 

iameter e whic more faintly enlightened b 

flected from the bart : ae: Pies 
species of itradiation is caused b lending together, ' 

retina, of the circles of light per by the pencils which fal apes 
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it either before or after the rays in each have converged to a point; 
the humours of the eye not permitting that convergence to take place 
exactly on the membrane. A similar effect may be produced, to a 
greater or less degree, in a telescope, in consequénce of defects in the 


obj the irrationality of dispersion [Disrerston], and diffraction, 
from which the image of a luminous point is not a mere point, 
but has an apparent magnitude. 


aig y diminished 
It is a consequence of irradiation, that objects which are in reality 


of equal i frequently to differ in size according to 
thei meee ks tho eens of light which falls upon them. Sir 
William Herschel remarked (‘ Phil. .’ 1783) that when a bright 


circle was viewed with a dark one ona bright ground, the 
latter always appeared smaller than the other ; and, in order to correct 
the erroneous estimate of the magnitudes of the columns about temples 
when they are seen against a bright ground, it appears that the ancients 
made the thickness of the columns to eke agg Page hol 
distance between them. The reason assigned seats ences, 2 
Vitruvius (‘ De Architectura,’ lib. 3, cap. 2) is, that the columns wit 

wide intervals, being more surrounded by the air than those which are 
closer, appear on that account to be more slender. It must be observed, 
however, that the perceptions of magnitude depend pow on those of 
distance ; and a contrary effect frequently takes p with objects 
viewed against the sky when conceived to be more remote than they 


THAT 

TIONAL QUANTITY. The distinction between quantity in 
general and number, or rather between the ratio of quantity to quantity, 
and that of number to number, has begun to appear in the artic 
INcOMMENSURABLE, of which the present may be taken asa continuation. 
It there appears that there are such things as magnitudes which are 
not in the proportion of any one number to any other; though, if we 
may use numbers as great as we please, we can find a pair which shall 
be as nearly as we please in the ratio of any two given incommensurable 
quantities. 


hai 
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not expressible by a finite fraction. The word ratio, or its equivalent 
Adyos, does not here mean reason, in the common sense of the word, 
but mathematical proportion. rece: whose ratio to the unit of 


it, since the student might otherwise be led to suppose 
meant unreasonable, or absurd. ing at the manner 
in which the common meaning of the word irrational is fixed in our 
sae baer ra well OS fe i Haag connected with 
cognate ratio, by being irrati uppose for example 
that we have a cde antenrs 5 pair which we solve by the application 
of arithmetic, taking a certain line to be unity, and applying the funda- 
mental —— explained in Recrancie. Suppose the problem thus 
reducible to solution of z*=2, or the — sought is such a 
fraction as multiplied by itself will give 2. The arithmetical answer is 
tery ; there is no such fraction. But is the problem therefore 
? By no means ; for the line required must be the diagonal 
of a square whose side is the linear unit. What then is the reason for 
our not being able to produce an arithmetical solution? Because the 
ratio of the line sought to the linear unit given is not to be expressed 
arithmetically, or is in the preceding sense irrational. The student 
has now arrived at the point where he must be taught (if he have not 
learnt it before) that common arithmetic is not the science of all ratios 
or relative magnitudes, but only of the ratios or relative magnitudes of 
those quantities which are pn 2 by putting together quantities which 
are all equal to one another. The senses alone would never make this 
distinction, and those who desire nothing more than sensible evidence 
in their mathematical studies need not attend to it: unfortunately the 
present bent of such pursuits tends to inexactness, not explicitly 
avowed, but wearing the appearance of absolute rigour. 

‘The student who begins to extract the square root of numbers is 
allowed to place the symbol of that over numbers which do not 
admit of its performance, as +/ 2, ~/ 3, &c. These symbols are reasoned 
on as if ti represented fractions, and arithmetical deductions are 
drawn; but when it is required to reduce them to practice, then the 

ility of determining their arithmetical values is denied, and it is 

lied that they have an existence which can only be approximately 
represented. Thus, since 1°4142 multiplied by itself gives 2 very 
nearly, it is said that 1°4142 is very nearly the square root of 2, This 
method, which is indi ly y in practice, should not be 
allowed in perfectly strict reasoning. It cannot be just to say that 2 
has no square root, but that since fractions very near to 2 have square 
roots, therefore these square roots are very near to the non-existent 
square root of 2, It is only in a properly extended arithmetic, which 
by express agreement admits of extended symbols of ratio, that it can 


be lawful to speak of the square root of 2. [Ratio.] Waiving this 
point for the present, we proceed to further considerations, confining 
ourselves to those irrational quantities which arise from taking the 
square roots of numbers, but premising that similar remarks might be 
made on cube, fourth, &., roots. If we take the series of numbers 
1, 2, 3, &., and extract the square root of each, we thereby obtain (1.) 
the original series 1, 2, 3, &e., by means of / 1, V/ 4, v/ 9, &e.; (2.) a 
series of multiples of +/ 2, namely, «/2, 8, /18, &c., which are 
V 2, 2/2, 3 / 2, &.; (3.) a similar series of multiples of «3; and 
so on ad infinitum. The primitive numbers are either prime numbers 
or products of different prime numbers. Thus we have a series of 
multiples of +/ (7 x 5), but not of +/ (7 x 7x 5), since this last is 7 v5, 
and, with its multiples, is included in those of / 5. Any two quantities 
in the same series are commensurables; thus 7 «/ 10 and 12/10 are 
in the proportion of 7 to 10,and have +/ 10 for a common measure : 
but any two which are in different series are incommensurables; thus 
+/ 10 and +/ 11 have no common measure whatsoever. And the sum 
or difference of any two incommensurable quantities is incommensurable 
with either; thus we can form infinite sets of binomials, such as 
V 2+ 73, /10+ 711, V19—V 5, &., no one of which shall be 
commensurable with any other. 

The square root of any arithmetical fraction is commensurable with 
that of the product of its numerator and denominator : thus ¥ (3) is 
3/15. And the reciprocal of any square root is commensurable with 
that square root: thus 1+ +/7 is }+/7. Also the fraction made 
by any two of the binomials just described is commensurable with the 
product of some similar pair ; thus 


V8 + V5_3 (4/34 /5) (1042 
VEE W BHA (3+ V5) (1042). 

If we take the square root of one of the preceding binomials, a 
AV (4/ 3+ 4/5) we have a new quantity, not commensurable with any 
of those just mentioned, except only in certain cases pointed out by 
the following theorem. Let @ and b be two numbers, of which a is 


the greater ;— 
Viva Vb)= 


a LED) = af LE) 


If a and a—b be both square numbers, let a=p?, a—b=q*, and we 


V(V ab) = 4V(2p+29) + V 2p—29) 


Though Euclid was not acquainted with any direct algebraical pro- 
cess, yet he carried the distinction of incommensurable quantities to 
the length of a complete subdivision of all the ible cases which can 
be contained in the formula / (a+ /b). We are induced to give 
an account of his tenth book, because there does not, to our knowledge, 
exist any such thing in a form accessible to the student. Indeed, we 
do not know where to find a description of its details in any form what- 
soever. In old geometrical writings references to the classification of 
this book are not unfrequently met with. If we take any given line to 
represent the unit of length, and if a, b, c, &c., represent lines commen- 
surable with this unit, arithmetically expressed, it is well known that 
the most common geometry shows how to find the lines expressed by 
a/a,/ 6, &e. All such lines Euclid terms rational, all others irrational 
(bnros and &Aoyos); and any area which being formed into a square has 
a rational side, he calls a rational area; that is, in fact, any area which 
is commensurable (cdumetpos) with the square unit is rational. The 
term for the square on a line is its power (dbvauis),and from this comes 
the algebraical use of the word power. Thus, when he says that two 
lines are only commensurable in power, he means that the squares on 
them are commensurable, but not the lines themselves, A mean, or 
medial line (uéos), is the mean proportional between two incommen- 
surable rational lines, and is such as can be represented in algebra by 
4/a, where a is commensurable with the unit; and a medial area is 
the mean proportional between two rational areas, and its number of 

uare units may be represented by +/ a. 

A line which is made by putting together (c¥v@eo1s) two incommen- 
surable rational lines is called a line of two names (é« 800 dvoudrwy), or 
a binomial line; while one which is made by taking away (dalpeois) 
the lesser of two incommensurable rational lines from the greater is 
called an apotomé (drorouh), literally, off-cut. The binomial therefore 
has one of the forms a+ /b, and «/a+ +/b, while the apotoméd has _ 
one of the forms ./a—/b, a—~/b, /b—a. Six distinct species of 
each sort of line are found, and in connection with each set of six is 
another similar set, which a modern mathematician would describe as 
composed of the square roots of the first set. But Euclid describes 
the square roots as we should call them, previously to the lines them- 
selves ; and in order to render this article more available to those who 
look through the tenth book, we shall do the same. The whole 
amounts to this: that, taking a given line as the unit and standard, 
Euclid separates the lines Pb rhe by V/(/a + Vb), where a and 
b are commensurable with the standard unit, into twenty-five distinct 
classes, no one of which contains any lines commensurable with those 
of any other class. The following enumeration contains the order in 
which they make their appearance : a, b, &c., representing lines coms 
mensutable with the standard unit; a, B, ¢, D, B, F, the six binomial 


s 


if IRRATIONAL QUANTITY. ‘IRRATIONAL QUANTITY. 988 
lines; 4/4, 4/3, &c., those connected with them ; v, ¥, W, X, Y, #, the | commensutable in and whose rectangle is a rational space, 
ae efottann 0/0, 0%, Wt, tose cosineched with thea” | Sle calle the fot Lind €0 aifolomne of neti’ linh (eaege MGR 


It is, however, to be noticed, that Euclid does not use the term unit, | xpérn 


but sup; a rational liné, to which he makes reference. Thus when 
he mentions in one place a rational line and a fourth binomial, he means 
that the fourth binomial shall be related to that rational line in the 
sare manner as our following definition will connect it with the modern 
phrase, the standard unit. 

(1). a, b, &c., lines commensurable with the unit. 

(2). Va, Vb, &c., lines commensurable in power with the unit. 

two heads include the rational lines. 

(3). 4/a, 4/6, &e., medial lines, described by Euclid as lines equal in 

wer to the of incommensurable rational lines. 

( ). Va has the a+/b, <A binomial line generally. This 
casé contains all the six hereafter described and numbered, for which 
reason the numbering is here left blank. There is a proposition which 
we should now enunciate by saying that the square root of a bino- 
mial of the first species (a) is one or other, and may be either, of the 
six binomials, 

(4). </B has the form (./a+ +/b)4/z, where abz is a square number. 
It is the first species of line composed of two medials, or a first 
bi-medial, and is compounded of two medials, which make a rational 
rectangle («bea éx 30 wéow xpérn). ; 

(5). /¢ has the form (/a+./b)4/2, where abz is not a 
number, It is the second species of line composed of two medials, or 
a second bi-medial, and is compounded of two medial lines, which 
make a medial rectangle (cd@eia éx dbo péowy Sevrépa). 

(6). 4/p has the form «/(a+ 4/6) + ./(a—+/b), where a?—b is not a 
square. It is described by Euclid as composed of two straight lines, 
incommensurable in power, whose squares together make a rational 
space, but whose rectangle is a medial space, and is called by hima 

line (cdOcia pei{wr). 

(7). + 8 has the form / (/a + a/b) + «/ (4/a—~/b), where a—bis a 
square. It is described by Euclid as composed of two straight lines 
incommensurable in powef, whose squares together make a medial 
space, but whose rectangle is a rational space ; and it is called by him 
“a line in power making a rational and a medial space” (eb0cia pyrdy 
xal utcov Svvauévn). The nomenclature is not here quite correct, for the 
preceding line, called a greater line, is also a line in power equal to a 
rational and medial space. 

(8). 4/ F has the form 4/(./a+ «/b)+ +/ (./a—+/b), where a—b is 
not square. It is described by Euclid as composed of two lines incom- 
mensurable in power, making both the sum of their squares and their 
rectangle medial spaces incommensurable with one another ; and it is 
called “aline in power equal to two medial spaces” (év0eia 500 péoa 

i) 
Ts ns come to the description of the six binomial lines them- 
selves, . 
(9). A has the form a+6+2,/(ad). Tt is described by Euclid as 
having the greater term commensurable with the standard unit, and 
more in power than the less by the square of a line commensurable 
with itse! ae and it is called the first binomial line (ed0cia éx 
Boo ‘OY Ty ). 
(10). B has the form (a+5+24/(ab) )/%, ./where abzisasquare, It 
is described as differing from the first binomial only in having the 
lesser term commensurable with the standard unit; and is the second 
binomial line. 

(11). ¢ has the form (a +1+24/(ab)) s/x, where abz is not a square. 
It differs from the two preceding only in neither term being commen- 
surable with the standard unit. 

In the first three binomial lines, reduced to the form «/p+ 4/9, 
~/(p—q) is commensurable with ./p, the greater term: in the last 
three these two are incommensurable. 

(12). p has the form a+ /b, where a is greater than 4/b, and a®*—} 
is not a square. Euclid describes it as having the greater term more 
in power than the less by the square of a line incommensurable to 
itself in length, the same greater term being commensurable with the 
standard unit : it is the fourth binomial line. 

(13). & has the form a+ ./b, where 4/b is greater than a, and b—a? 
is not a square. It is described as differing from the preceding by 
having the less term commensurable with the standard unit : it is the 
fifth binomial line. 

(14). ¥ has the form ./a+4/b, where a—b is not a square, It 
fs described as differing from the two preceding by neither term 
being cbmmensurable with the standard unit; and is the sixth binomial 
line. 


uare 


We now come to the lines derived from the apotomm, and after 
wards to the apotome themselves. The descriptions might be 
shortened by allusion to the corresponding binomial lines, but this 
would impede the speedy reference to the completé meaning of any 
one term. 

( ). <u has the form /a—./b. An apotomé generally. The 
numbering is left blank, as this class of lines oe afterwards subdivided, 
A proposition is proved, which we should now enunciate by saying 
hat the square root of an apotomé of the first kind is one or other, 
and may be any of the six apotomm., 

(15). +/_v has the form (,/a—+/b) ~/z where abe is a square. 
Euclid describes it as the difference of two medial lines which are 


It is described as 


4 medial space, 
denevibes i tho iff 


). “4 
(16). 4/w has the form ) here abs is not a square, 
aiffering mi ag oe the dial lines 


. a 
18), has the form fe = ; F 
(18). /¥ Vv Vee Mees tak coe on ate 


asquare, It is described as the , except that 
squares is medial, and the rectangle rational : 
line which with a rational makes a medial 
pnrod pécov 7d Brov mowioa 
added to the square on it makes a whole space 
There is not here the defect of nomenclature mentioned in (7), 


for the 
pa pee. begs here can only be called “a line which ) ae 
space 


ip). a han the form 4/( wii 
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mimensurable in power, having the sum of their 
both medial: and it is called “ a line 
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three 4/(a@ — 6) is commensurable with 4/a, in the second 
mensurable, And 4/a is called the whole, but 
fitted or line. 

(20). v has the form a+b—24/(ab). The whole 
with the standard unit, and exceeds the adapted line in power 
square of a line commensurable with itself. Euclid calls this 

(21). v has the form (a@+b—2v4/(ab) ) «/a 
Described as the “ ed Re 
mensurable with 6 ctanidlaed tits > apa ds tb aden - 

(22). Whas the form (a +b—2,/(ab)) 4/x, where aba is not a sq 
Here neither the whole nor the line is commensurable ¥ 
the standard unit; this is the third . neal 

(28). x has the form a—4/b where a*=5 is not = square, Euclid 
prea i te eg ie the poy is commensurable with 
stan it, ex: e adapted in power by the square 
a line incommensurable with itself; and calls it the loca - 

(24). ¥ has the form 4/6—a where b—a? is not a square. 
as the last, exce that only the adapted line is commensurable with 
the standard unit: it is the fifth aj 6. : 

(25). % has the form 4/b—./a where b—a is not a square. It differs 
from the two by neither term being commensurable with 
senidee obtaining this clamifostion, Bualid proves, Gratly, that Umit 

es 0 on, Bueli that 
one of these species is distinct from every other, and that 
which is commensurable with a line of any one species is itself a li 
of the same species. He shows also how to find lines of : 
in which he directly applies the gee of numbers o 
seventh, eighth, and ninth books. He also demonstrates 
straight line can belong to one in two different ways : 
for example, an equivalent to the following, that 4/a+ +/b, if the 
be incommensurable, cannot be equal to 4/a+./y, where x 
from a, and y from 6: which he expresses thus :—“a binomial 
divided into its names (or terms) in one apy only.” He then 
that the lines which we have denoted by 4/a, 4/3, &c., are 
from A, B, &c.,in the manner which justifies our notation. 
stance, “if a space be contained by a rational and a fourth ’ 
line, the line ual in power to the space is the irrational line called a 
greater line.” Now, ¢ representing a rational line, a fourth binomial 
derived from it has the form a+ 4/b where a is commensurable with ¢, — 
and greater than «/b, and 4/(a*=) is not commensurable with « 
His proposition then amounts to this, that «/ (ca +c¢4/b) has the form 


V (e+ V9) + V (eV) 


wha feria surat epace (or the ncaa 2f Se 
and #?—y is an irrational space; or that number is incomm : 
with c*, This involves the algebraical proposition, that the square 
root of ¢a+er/b is 


V{beatteviat—t)} + V{hea=tev@—d}s  - 
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matiner of deriving one from the other. He also in two pro- 

tions, that the form 4/ (a + 4/6) gives either a ne, or (4), 
6), or (7) of the enumeration, and that «/(4/a+ pee 
either (5) or (8). In three more he shows that 4/ (a— on ither 
an Apotomé or (17) of the enumeration, tv —«) gives either 
05) or (18), and that 4/(,/a—4/b) gives (16) or (19). He 
urther shows the equivalent of the pro- 
position :— 

1 wars 
Va—/b a—b 


i 
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. particular case of 
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The preceding enumeration points to one of the most remarkable 
in the history of geometry. The question immediately arises, 
fad Buclid any substitute for algebra If not, how did he contrive to 
ick out, from among an infinite number of orders of incommensurable 
Eso chovite cintonion of sil track eeected hen Coe 
necessary to a complete discussion ines represent ry a 
++/b), without one omission or one redundancy? He had the 


Of selection, for he himself has shown how to construct an infinite 
number of other Sapphic gare incr rang aang tate hens 
more ve been beyond 


dron inscribed in a sphere—and that the side of a dodecahedron is an 
apotomé. The apotomé then and the lesser line are the only ones 


seems probable that the distinction of commensurable and 
incommensurable, and even a notion of different species of incom- 
mensurables, was familiar to the ter before Euclid wrote: and 
this may be inferred, almost with certainty, from what is said by 
Proclus. Had it been otherwise, we must suppose that the defini- 


‘tions of the fifth book would have been accompanied by some little 


account of their necessity, and also that the absolute determination of 
two incommensurable magnitudes would not have been postponed till 
the last proposition of the tenth book. But it is impossible to draw 
any very positive conclusion on this subject. Owing to the loss of 
Euclid’s book on Fallacies [Gromerry], we are probably left without 
those notions which he intended to be preliminary to the elements. 


(cle parang ag ect ercgemar FL ro which 
applied in the tenth book are the 27th, 28th, 29th of 
of 


e sixth 
which it may be useful to give the algebraical signification. 
The first of these (the 27th) amounts to showing that 272—.° has its 
greatest value when «=1, and contains a limitation to the 
conditions of the two which follow. The 28th ition is a solu- 

the equation az—az?=b, upon a condition derived from the 
preceding proposition, namely, that 4a? shall exceed b. It might 
appear more correct to say that the solution of this equation is one 
of the proposition, namely, where the given el- 
are; but nevertheless the assertion applies equally to all 
Gough if the diaguanl o¢ ite ong beeps eign 

’ i i a logram in his construction 
produced to meet the production of a line which it does not cut, 
the adie readil. ake, is a strong pre- 
sumption against hi wing anything like al ; Since it is almost 
impossible to imagine that the p 
im 


having known any algebraical reasoning. 
(that is, of cubic equations), the eommon 
name of a particular class of cubic equations, to which Cardan did not 
his celebrated rule. Bombelli however showed 
that the reason of this was the reality of all the three roots. The 
following is the sketch both of the method and the difficulty. 
(Bompertr; Carpay ; Tanracria, in Bioc. Div. Tarory or Equa- 
TIVE AND IMPOSSIBLE QUANTITIES.) 
U has three cube roots, 1, —}(1—./—3), and —}(1+./—3), 
Gis peotioet of the second and third ls poatible tod anal ¢; 
Calling these 1, r, and 7’, it is next shown that a has three 
roots, namely, @, ra, and r’a. Now, let there be a cubic equation 
quantities) 


+s +Br+0=0; 


being 
and, by the method explained in Ixvorution and Eyo.vurion, find 
tetra, Wek has each root greater than a root of the 


preceding by ja. We have then 
“. @+pe+a=0.., (1) 
P=B—s? Q=0—paB+ a3, 
Let z be v+w:; then = + w+ vue, and (1) becomes 
+w®+(30w+P)#+Q=0.. (2). 
Determine v and w so that 
8ew+P=0 P+u5+Q=0; 


by which means (2), and therefore (1), is satisfied. This gives 


? (or W)=—h Q + +/ (FQ? + 
w (or pn | deste, 
glided ot Ah Nat aa But ag each of the two, and w%, 
three cube roots; and as no reason yet appears for choosing one 


rather than another, it should seem as if the possible combinations by 
which v+w might be made would be nine in number. But on looking 
back we find the condition 3vw=—p; so that the product of v and w 
must be a possible quantity. And since nothing but P* appears in v 
and w, the same values of v and w would appear whatever cube root of 
Pp’ might have appeared in the original equation : consequently the six 
values of v+w which are now to be abandoned belong to the roots of 
@+pr2+ Q=0, and + pr’ x+ Q=0. If thenjwe signify by v and w 
the real cube roots of v’ and w*, the others are rv and r'v, rw and rw; 
and the only combinations which satisfy the condition 8xw + P=0 are 


otw, ry + rw, r'vt ru, 


which are the three roots of the equation (1): to the exclusion of v+ 
rw, rv +w, r’v+r'w, the roots of #+Pr 2+Q=0; and v+rv, rv+u, 
rv+rw, the roots of 28+prr’a+Qq=0. So far all is right, and the 
algebraical solution is complete, and may be represented thus: let p 
stand for any cube root of unity ; then the three solutions of (1) are 
contained in : 


eV { —ho+ vitor tae) } 
1, Re : 
+2/{ -te-vider rae } 
mie a/ rignifies the real cube"root. wis 
is is pe ly intelligible when 492+ is a positive quantity : 
for if we call the real cube roots above Pad want L, ae find for ~ 


the three roots of the equation, first, the possible root, K +L; next, the 
pair of impossible roots contained in the formula 


—§(K+L+ 4(K-1) V3. 

If we apply this to the equation 23—9x2—28=0, where p=—9, and 
Q= —28, we shall find k=3, t=1, and the roots are 4,-—2+4/—38, 
and—2—./—3. But if it should happen that 19°+° is negative 
(which requires that p should be negative and 3,P’ numerically greater 


than }Q*), we return to the original form of the solution, and find that 
the roots of the equation are contained in the formula 


a { 7} 
Veanci} + viwstt lh ++ (8) 

where }} means any cube root, there being a tacit condition that 
the product of the two cube roots must he possible, fv stands for 
We and w for the ible (though perhare irrational) quantity 
/(—}a*—z2"). Now it is shown in books of algebra that every cube 
root of V+W4/—1 is of the same form, say ¥+G4/—1, and that the 
corresponding cube root of v—w./—1 is r—a./—1, If, then, we 
assume ; 


tyewy= arsovr 


ty yy PP eray71, 
we find by multiplication 


§ 
{ v2 + Ww? } =F +3; 
and by addition of their cubes, and division by 2, 
v=F— 39, 
between which the elimination of a gives 
¥8—3 8/v2+w . pR—}v=0; 
from which it would seem that we might find », and then a. But on 
examining this last equation we find it to be precisely that kind of 
cubic equation about which the difficulty arose; for the p of this 
equation is negative, being —3&%/ (v?+w?), and the q is —}v; and 
p®, being —j;(v*+w*), is numerically greater than }Q%, or 3, Vv? 
ence this case is called irreducible; for though, as will be shown 
immediately, there are three possible values of the expression (3), yet 
every direct algebraical attempt to find them leads to the same alti. 
a in another form, 

F and G could be determined, one value of (3) is 2 Pf; and taking 
the other cube roots, selecting only those pairs whose products are 
possible, we find ents pout 

31+ Y=) (p+eV=1) -} (1 V8) (p—-a=1) 
—t0—V—38) (P+a/—1) —3 (1+ /—3) @-@/—1) 
for the other admissible values, These may be reduced to 
—¥F+a4/3, and —r—a./3,) 


which are both possible. Consequently, the irreducible case of a cubic 
equation is that in which the three roots are all possible, 

Let us apply the Ee to #—217+20=0, Here p= —Q1, 
Q=20, 39° +5) P°= —248=—81x 3, Hence the roots are contained in 


{ -1049yTyri hy { ~10-9yeyza ft 
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By trial (or by semi-tentative methods, described in many older books 
of algebra) it may be found that a cube root of —104+9./3 /-—1 is 
24+.4/3 \/—1; whence F=2,G= 4/38. Hence one root (2 F) is 4; the 
second and third (—¥r+@ 4/3 and —r—e +/ 3),are —2+3and —2—3, 
or l and —5. 
But the best method of obtaining the roots is by having recourse to 
a registry of the roots of cubic equations which is in the hands of every 
tyro, namely, the tables of sines and cosines, by which also the theorem 
of Bombelli will be established, namely, that the difficulty of the irre- 
ducible case answers to that of the trisection of an angle in gaa 
It is proposed then, by means of trigonometry, to calculate values 
of (3). Assume v=r cos. 6, W=r sin.0, or find r and @ from 
== w 
r=/Vv?+w, tan. 0=— 
in which that sign must be given to r, which gives r cos. @ the sign 
of y. Then, by De Moivre’s theorem [Necative AND IMPossiBLE 
QuvantitrEs], 


(cos. 0 + sin. 0 /—1)'= con. 36 + sin. }@ /-1, 


in which, by substituting @+360° or 0+720° for @, the equation tan. 
@=v—w is still satisfied, and while the first side of the preceding 
equation is not altered in appearance, the different values of the cube 
root ap; on the second side. From this we readily find that the 
expression (3) is no other than 2 4/ r . cos. 40 ; the three values of which, 
obtained as just noted, are 3 


2 Vr. cos. 40, 2 Vr. cos. (120° +40), 2 X/r. cos, 240° +3 6) 
which may be thus written :-— 
2 2/r . cos, §0,—2%/r . cos. (60°—} 6),—2°/r . cow, (60° +36.) =~ 


Thus, in the preceding example, which gives y= —10, W=94/3, we 
find r?=100+243=343=73; whence %/r= —./7. And tan. 0=— 
4/3, whence @ is found to be —(57° 19’ 16"), one-third of which is 
—(19° 6’ 25"), and this, with 79° 6’ 25" and 40° 53’ 35", are the angles 
- on which the required values depend. The cosines of these angles, 
severally multiplied by —2./7, 2./7, and 2./7, give results as near to 
—65, 1, and 4 (the values found), as the unavoidable errors in the last 
places of logarithmic results, and the preceding rejection of fractions of 
seconds, will permit. 

IRRIGATION. Of all the substances which concur in the vegetation 
and growth of plants water is the most essential; without moisture 
the seed cannot germinate, nor can the plant receive nourishment, 
Hence in warm climates, where rains are periodical, and where the 
soil is dried and parched by a continued evaporation, no verdure exists, 
except where springs or rivers supply the waste of moisture. The 
warmer the climate, and the more rapid the evaporation, the more 
luxuriant is the vegetation, provided there be an abundant supply of 
water. This circumstance has suggested the plan of diverting streams 
and conducting them in channels to fertilise as great an extent of land 
as possible. In China and in India, as well as in Egypt, ingenious 
modes of watering lands have been adopted from the most remote ages. 
No expense has been thought too great to secure a supply of water, 
and to distribute it in the most advantageous manner, It seems that 
where there is great heat in the air, water alone will supply the neces- 
sary food for the growth of plants. It is probable that the component 

of the atmosphere are more easily separated, and made to enter 
into new combinations with those of water, in a high temperature than 
in a lower; or that the leaves and green parts of vegetables imbibe 
water in a state of solution in air, and in this state it is more easily 
oe eee air and water contain — the principal 
elements of vegetables, namely, oxygen, hydrogen, carbon, and nitrogen ; 
the remainder are either found in the oil or diffused through the 
water. 

Water has also an important office to perform, if we admit the prin- 
ciple discovered by Macaire, that plants reject through their roots 
those portions of the sap which are the residue of its elaboration, and 
which are of no further use to the plant, but rather injurious if they 
are again imbibed by the roots. Plants may perhaps require a removal 
of their excrements, as animals do when tied p in stalls, or confined 
in a small space ; and the percolation of water through the soil may be 
the means which nature has provided for this purpose. Hence we can 
readily suppose that the mere washing of the roots has a beneficial 
effect, and to this in a great measure must be ascribed the fertilising 
effects of pure and soft running water. But besides this washing of 
roots, there is the constant feeding of them, which is the more probable 
explanation of the fertilising influence of that constant current of 
water among them which is produced in drained and in irrigated land. 

If water stagnates and is evaporated, and the noxious matter held in 
solution remains in the soil, all the advantage of irrigation is lost, and 
the better kinds of graases are su¢ceeded by rushes and coarse aquatic 
plants, as may be seen in all marshy spots. The circulation of the 
water therefore appears to be as yas its pr 3; and, pro- 
vided there be a sufficient supply of water of a proper quality, the 
more porous is the soil, and especially the subsoil, the more vigorous 
is the vegetation. It is on this principle alone that we can rationally 


be Theietboly it wabie chat come from natural lakes and er 


account for the great ad of irrigation in those climates 
rain is abundant, and where the soil, which is most benefited 
a supply of water running through it, is of a nature to 


draining as an to being by 
irrigation. By keeping these view great light will be 
thrown on the practical part of » Which, been 
established by experience before these were thought 


not on their correctness, but only confirms their truth.) 
he whole art of irrigation may be deduced from two 
rules, which are, first, to give a sufficient supply of water during 
the time the plants are growing, and ly, never to allow it 
to accumulate so long as to We shall see hereafter 
one apparent exception to this last rule, but it will be readily 

lained, F 


ee eee a 


from artificial wells and ponds, in which it is collected in 
quantity to disperse it over a certain surface. As the water must flow 
over the land, or in channels it, the su must be above the 


be a ready exit for the water, and therefore the land must not be so 
low as the natural level of the cence a ee 
whether it be a lake or the sea, to which —— The taking 


the level is therefore the first step towards an to irrigate any 

Along the banks of running streams nature points out the declivity. 
Meet which receives the water at a point than that to 
which the river flows, may be dug with a much than 


E 


that of the bed of the river, and made to carry the water 
than the natural banks. It may thence be distributed so as to 
slowly and water a considerable extent of ground in its way to 
the stream. This is by far the most common mode of i 
the shape, size, and direction of the channels are regulated 
nature of the surface and other circumstances, which in 
every situation. A few examples will give to those who are 
ecquababed. Wick tie bel Skat ot Seige BS See 
notion e 
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nearly the same level as that part of the river where it has its 
Thus the water may be carried over lands which are situated con- 
siderably above the bed of the river farther down. All the lands 


from the river. The size of the canal and its declivity d 
quantity of water which may be made to flow into it. A is 
Senile saay De atvaased, nad thn seighald Siang afte lid quit 
possible may ke e 
dry, to take advantage of all the water at the time when it is 
advantageous to irrigate the land. To have an entire command of the 
water there are flood-gates on the main channel and on the lesser 
branches. By opening or shutting these the water may be —— or 
made to flow as may be required. It must be remembered, to 
water to a considerable distance, and in quantity, a 
channel and more rapid declivity are req 3 and itis a matter 
calculation whether it is most ad’ us to bring a smaller — 
to a higher point, or a greater abundance somewhat lower. 
certain command of water, it may be carried from the main 
smaller branches to different points, so as to irrigate the whole 
These branches should be nearly horizontal, that the water 
flow the sides of them, and equally distributed 
immediately below. E branch which brings water 
should have a corres: channel below to carry 
water must never be allowed to stop and stagnate. 
15 or 20 feet, according to the declivity, over the land situated 
the feeder, or the channel which brings the water, it should 
lected into a drain to be carried off, unless it can be used to 
lands which lie still lower. Finally it runs back into the river 
which it was taken, at a lower point of its course. 
When there is a considerable fall and a sufficient supply of 
er, 
and 
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water, a 
series of channels may be made, so situated below each , that the 
second collects the water which the first has supplied, in its turn 


becomes a feeder to irrigate the lower parts of declivity : 
channel receives the water and distributes it lower down, until 
last pours it into the river. This is called catch work, because 
water is caught from one channel to another. This method is 
applicable where there is a considerable fall of water and a 
declivity towards the river. But it must be borne in mind that 
water is deteriorated for the purpose of irrigation, when it has 
over the land, and that it is not advan us to let it flow 
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of; and it will irrigate three or four ions of land 
without there being any ve: marked difference in the effect : 
this it rapidly loses its ferti qualities, This is not owing to 
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water having deposited the fertilising substances which it held in | of the Avon contain all the principles essential to rapid vegetation. 
solution, or which were diffused through it, but to its having taken ; Great attention is required, and some experience, to irrigate meadows, 


up some substances which are detrimental to vegetation, and being 
saturated with them : at least this is the most probable opinion when 
all are taken into the account. 

The general principle of irrigation may be described as the supplying 
every ion of the surface with an abundance of water, and taking it 
off rapidly. In many situations the great difficulty in irrigation 
arises from the want of a supply of water; but even then a partial 
irrigation may be effected, which, although not perfect, will have its 
advantages. A small rill which is often quite dry in summer may 
still, by i reapg: management, be made to improve a considerable 

i land : its waters may be collected and allowed to accumu- 
let out occasionally, so that none be 


when it would not be of much use to the land, it may be kept in ponds, 
it will lose none of its qualities by being exposed to the air. If 
animal or vegetable matter in a partial state of decomposition is added 
this water, it much improve its quality, and by a judicious 
i the land a great benefit may be obtained. 
ot a want of water, there may be a want of declivity to 
off, which, it should always be remembered, is an 
irrigation. Art may in this case assist nature by 
@ passage for the water, either in its course towards the land 


there is Seer ronac) wrens tow 22 too: Gree on expenes $0 
make an artificial one, the water may sometimes be led into shallow 

, where a great part is evaporated ; or porous strata may be found 
‘ boring, into which it can be made to run and be dispersed. Along 

rivers where the fall is very imperceptible a channel brought from a 
considerable distance may give such a command as to throw the water 
emer era cries: wae te osery 8 off encther chanel tony 
be cut, emptying itself at some distance below: so that lands whic 
ie along the banks of a river may be irrigated, although they are 
actually below the level of the river, and require banks to protect them 
from inundation. 

When the surface to be irrigated is very flat and nearly level, it is 
wea? Si form artificial slopes for the water to run over. The 
whole of the ground is laid in broad beds, undulating like the waves of 
the sea. The upper part of these beds is quite level from end to end, 
and here the channel which brings the water is cut. From the edge of 
this channel the ground is made to slope a foot or two on both sides, 
See or Sho, bettors el to the float, The whole of 

a main 


= 


ground is laid out in these beds, All the supply furrows are fed 

by channel at right angles to the beds and somewhat above 
and all the ditches or drains run into a main ditch parallel to 

ME itetee. Ae boot x tho Usod.gaten tco opened & Sows tats al 

vi . soon as the are opened it flows into 
the toa channels, which it fills tilt the pir in their whole 
length. The sloping sides are covered with a thin sheet of running 
water, which the lower drains collect and carry into the main ditch. 

i has shown that there are particular seasons when the 
water has the best effect; a perfect command of it is therefore 
indispensable, and also a regular supply. During frost, when all dry 
meadows are in a state of torpor, and: the vegetation is suspended, the 
water-meadows, having a current of water continually flowing over 
them, are protected from the effect of frost, and the grass will continue 
to grow as | as the water flows over it. Too much moisture 
however would be injurious, and the meadows are therefore laid dry 
by shutting the flood-gates, whenever the temperature of the air is 

e freezing. By this management the grass grows rapidly at the 
first sign of spring. Before the dry upland ows have recovered 
the effects of frost and begun to vegetate, the herbage of the water- 
meadows is already luxuriant. As soon as they are fed off or cut for 
the first crop of hay, the water is immediately put on again, but for a 
shorter time; for the warmer the air, the less time will the grass bear 
to be covered with water. A renewed growth soon appears, and the 
grass is ready to be cut a second time when the dry meadows only give 
their first crop. Thus, by judicious management, three or four crops 
of are obtained in each season, or only one abundant crop is 

into hay, and the sh and cattle feed off the others. The 
usual way in which the grass of water-meadows is made profitable is by 
feeding ewes which have early lambs till the middle of A short 
flooding soon reproduces a crop, which is mown for hay in June; 
another flooding gives an abundant aftermath, which is either mown 
for hay, or fed off by cows, bullocks, and horses ; for at this time the 
sheep, if pastured in water-meadows, are ie ek to the rot. The 
yalue of good water-meadows could scarcely be believed by those who 
are not familiar with them. Where the water is suited to irrigation 
pw cepa require manuring. Their fertility is kept up continually, 
the only attention required is to weed out coarse aquatic plants, 
which are neither nutritious nor wholesome in hay or pasture, 

The best soil for a water-meadow is a good gravel. e finest water- 
meadows on the Avon in Wiltshire, where the richest herbage is found, 
have scarcely any soil at all, but are on little more than a bed of shingle 
matted by the roots of the grass, which proves that the waters 
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irrigated, or from it after it has effected its purpose. Where. 


so as to give the greatest profit. 

In hot weather, when we should’ imagine that the land must be 
thirsty, and that too much water cannot be poured over it, much mis- 
chief may be done by injudicious flooding. In winter.on the contrary, . 
the land may be covered with water for weeks without injury ; and if 
an earthy deposit takes place, the subsequent fertility is greatly 
increased, But this is not properly irrigation: it is inundation, and 
the effects depend on entirely different causes. When low meadows 
are inundated in winter and spring, it is the muddiness of the water 
which enriches the land: a fine layer of extremely divided matter 
is deposited, and when the water subsides this acts as a coat of 
manure. 

Water may be carried in small channels through meadows without 
being allowed to overflow, and in this case the effect is similar to that 
caused by rivers or brooks which wind slowly through valleys, and 
produce a rich yerdure along their course. This is watering, but not 
properly irrigating. . When this is done judiciously, the effect is very 
nearly the same as when the land is irrigated; and in hot climates it 
may be preferable, by giving a constant supply of moisture to the 
roots, while the plants are growing. The great advantage of water- 
meadows in England is not so much the superior quantity of grass or 
hay which is obtained when they are mown, as the early feed in spring, 
when all kinds of nutritive fodder are scarce. When the turnips are 
consumed before the natural grass or the rye sown for that purpose is 
fit to be fed off, the water-meadows afford abundant pasture to ewes 
and lambs, which by this means are brought to an early market. The 
farmer who has water-meadows can put his ewes earlier to the ram, 
without fear of wanting food for them and their lambs in March, 
which is the most trying season of the year for those who have sheep. 
At that time an acre of good grass may be worth as much for a month 
as a later crop would for the remainder of the year. 

When it is intended to forta a water-meadow on a nearly level surface, 
or where a fall of only two or three feet can be obtained in a con- 
siderable length, the whole of the land must be laid in beds about 
20 or 30 feet wide, the middle or crown of these beds being on a level 
with the main feeders, and the bottoms or drains on a level with the 
lower exit of the water, or a little above it. To form these beds most 
expeditiously, if the ground is already in grass, the sod may be paired 
off and relaid after the beds are formed, by which means the grass will 
be sooner re-established ; but except in very heavy soils, where the 
grass is some time in taking root, the easiest and cheapest way is to 
plough the land two or three times towards the centre, and dig out 
the drain with the spade: the earth out of the drains, and that which 
is taken out of the upper trench or feeder, may be spread over the bed 
to give it the proper slope. A roller passed over the bed in the 
direction of its length will lay it even, and the seeds of grass being 
sown over it, the water may be let on for a very short time to make 
them spring. As soonas the grass is two or three inches above ground a 
regular flooding may be given, and in a short time the sward will be 
complete. Instead of sowing seed, tufts of grass cut from old sward 
may be spread over the newly formed beds, and they will soon cover 
the ground. The Italian rye-grass, for instance, grows so rapidly, 
that if it be sown in February, or as soon as the snow and frost are 

ne, it will afford a good crop to feed off in April, or to mow for 

yy by the beginning of May ; and after that it may be cut repeatedly 
during the summer. But where the soil is good and the water abun- 
dant, good natural grasses will spring up without much sowing, and 
soon equal the old water meadows. : 

It seems essential to the formation of a good water-meadow that 
the bottom be porous and free from stagnant water; hence under- 
draining is often indispensable before a water-meadow can be esta- 
blished : and a peat-bog, if drained and consolidated, may have water 
carried over its surface, and produce very good herbage. If the soil 
is a very stiff clay, draining is almost indispensable where a water- 
meadow is to be made. The more porous the soil the less depth 
of water is required, which is not obvious at first sight; but the 
clay lets the water run over the surface without soaking into the 
roots, whereas the porous soil is soon soaked to a considerable depth. 
The water must therefore be longer on the clay than on the sand or 

vel to produce the same effect. If the water is properly applied all 

inds of soils may be converted into fertile water-meadows. On vei 
stiff clays a coat of sand or gravel, where it can be easily put on, wi 
greatly improve the herbage. It should not be ploughed in, but laid 
He the surface two or three inches thick: chalk will also improve the 
erbage, 

The usual time of letting on the water on water-meadows is just 
before Christmas, and it may continue to flow over the land as 
long as the frost lasts, unless the frost be very severe and the land 
be frozen: in mild weather it may be turned off during the day 
and put on again at night until. the frost is gone. The grass will soon 
begin to grow, and be ready to be fed off. When this is done the water 
is immediately let on for a short time, and turned off again to allow the 
ground to dry after a few days’ flooding, and the water is let on again 
at short intervals. The warmer the air is, the shorter time must the 
water be allowed to cover the meadows. As soon as the grass is five 
or six inches long it must be left dry entirely till it is mown or fed off. 
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In summer tho floodiigs must be short; ‘seldoni more than pa grt tw lla during whlch tinie these 400 sbiipled will 
twenty-four hours at a time, but frequent Thus a great weight of | fold 10 acres o save abd, an will after this yield in the fitet and 
may be obtained year after without any manure being put on | second of about 40 tons of hay. a ae 
fhe land care being taken that where the surface is not quite even the | may be ered the luction Of is water 3 4 
hollows be filled w 0 ie es Se ee, eS out | But in order to see the of sothe of the best description, I 
of the drain, if that should Oe er ee with the soil which | will state the annual average produce of of tliem. In show- 
the water has carried into it, We alluded before to a case where water | ing this, I will again také a 20-acre meadow, spring ot 2 
may remain a considerable time on the land without injury; this is, | w! hag fm from about the last week in the 
when there are inundations from rivers, which rise above their beds in | of May, er oy seven Weeks, During 
ing and cover the low meadows which lie along their banks. In pr cha by the arable lind from 15 to 20 acres. This 
this case the , which has not yet sprung up, is protected from the | will then in two cuttings give at least 60 tons of hay. Ih this case 
ool, aod if there be & deposit from the water there is a consider. | there is annually 57 on the arable land 15 acres of ope t 
able advantage. But when it subsides, it mist be made to run off | 60 tons or more of hay, thus enal the farmer to 
entirely, without leaving small pools, by which the grass would | growing of abotit 20 acres of t about 25 acres of field 
inevitably be injured. Small ditches or channels are usually dug, by jor to increase the number stock on a farm of 400 or 500 
which ali the water may run off, unless where the subsoil is very porous, | acres at least 12 per cent. I lave myself, on a meadow of 13a. Br. 20D. 
or the land is well under-drained, which is seldom the case in these | kept on the spring in April and , 277 couples 33 days, and 


low meadows, for the drains would be apt to be choaked by the earthy 
deposit from the water. These inrindations can sometimes be rega- 
lated by means of dykes and flood-gatés, in which case they etre of 
the advantages of irrigation, and also of that deposition of fertilising 
mud which {fs called warping. Nd te ge : 

Ata lectire given before the English Agricultural Society, at their 
Salisbury meeting, Mr. J. Combes, of Tisbury, made the following 
statement on the management of two Devonshiré and Wiltshire mea- 
dows; and we quote it as he is probably the first authority on this 
subject in England :— 

“The watering should commence the first week in November, by 
Which time there will be a crop of young grass about two inches hi 
It is very desirable to have the young grass when the watering ns, 

. that the water may percolate through the grasses go as not to flood 
them, otherwise they will, if flooded for any length of time, be stifled 
and become thin. The meadows should always be in readiness to 
receive the first fresh of the river from the autumnal rains, as this 
water is, especially after a dry summer, rich with alluvial matter. 
Many meadows are very much injured by being fed too late in the 
season, and by the treading of cattle; it should always be borne in 
mind that one mouthful of water-meadow grass in April is worth five 
or six of the same when fed in November. In general, the more the 
land is watered in November and December the better; but should 
the weather be very mild during this time, the meadows may have a 
few days’ drying. In January the water should remain on the land 
about five days in six, unless the frost be so intense as to cover the 
meadows with ice, which is sometimes the case, when the water should 
be all turned off the land until a thaw takes place; the young grass 
will be protected by the icé and even grow under it. in February 
three days in four will be enough for watering. In March the irri 
tion should be two days in four until the water is turned out to e 
the land dry for feeding the grass, which will generally be fit about 
the last week. As soon as the sheep have fed off a portion of the 
meadow, or about the middle of April, the water should be again 
turned over that portion, but care must be taken not to allow it to 
remain long on the land until the grass be grown high enough to keep 
above the water; during the remainder of this month and the follow- 
ing months of May and June, two days in a week will be enough for 
watering. In general the grass will be fit to cut for hay by the middle 
of June. In July and August, or until the second hay crop he fit to 
cut, the water should be used sparingly, one day in six will be quite 
sufficient. In September and October water-meadows should. be kept 
perfectly dry. The above rules apply to meadows that have a plentiful 
supply of water, but on those meadows that are short of water, which 
are by far the greater part, some of them requiring to be watered in 
five or six portions, technically called sterns, the whole of the water 
should remain on each stern for about five days at a time in winter, 
and two days at atime in summer, so that all the meadow may be 
watered in about twenty or thirty days in winter, and eight or ten in 
summer. A good flow of water, or what is called thick watering, is 
always to be preferred to thin watering, especially during the summer 
months; for a very thin watering for a week together at summer 
time, queeqed on a clay soil, is oftentimes injurious. I may here 
remark that night watering is preferable to watering by day, and the 
water will do more good in shady than in sunny weather. The water 
of the streams in this part of the country runs from the chalk, the 
upper green sand, and the upper oolite formations, That best adapted 
for irrigation is pure spring water. 

* All water is very good for irrigation wherein ’certain aquatic plants 
grow, éuch as brooklime, watercresses, and water-millefoil, and when 
stones and other substances in the stream are thickly covered with 
lichen. Some of the best descriptions of grasses for water meadows 
are—Anthoranthum odoratum, or aweet-acented vernal grass; Festuca 
pratensis, or meadow fescue grass; Phicum pratense, or Timothy grass ; 
Lolium perenne, or rye-grass; Agrostis stolonifera, or fiorin grass. 
these are found in the best of the Wiltshire water-meadows, especially 
the Timothy and fiorin grasses, I should recommend in all new water- 
meadows a mixture of Italian rye-grass. I will now state what may be 
considered the average produce of the water-meadows in South Wilts. 
In doing sv I will take a meadow of 20 acres, depastured in spring by 
sheep. The spring feed of this meadow as fed in April will keep 400 


= 


11 cows 26 days, with a little less than 10 Ibs. of hay per da 
after which there was cut from the same meadow at 
hay per acre, the aftermath being fed by cows atid horsea, I ha’ 

mowi part of a water-meadow 29 times in six consecutive ye he . 


roduce of which averaged antiually during the six years a little 

Dian 40 olla of grins per alte; did it produced moté than 47 | 3 
In some seasons, when there is a the turnip , the 

feed of water-meadows is exceedi valtiable; I have 

uently let for 72. or 81, per acre, in one instance I knew 


eed 0} . water-theadow of ig olde 2 nearly 137. _ 

On the proper seeding o tended a I : ‘ 
ite Protests Taehee'e tepork on the Pristish of TeApiaon tH ale i 
ima te: oly eM heehee, gales goin fw The 
ollowing _ 

“ Poa aquatica (ot Glyceria aquatica). This witer-meadow 
alin ow as the Feody amect-water is a valuable 
irrigated as a rapid quality. . 
“Poa fuitans (or Glyceria f stoveahy oating sweet-water : 
exceedingly early in its growth, and for this reason is i 

= papi cont egg SA grass, although not particu. 

“ Poa trivialis, rough- meadow- 1 s 

i re desirable for water-meadows. 


I 1 secy productive, ool ialdt Ook fart 
and late herbage of good quality. It always spreads rapidly, 
wt Alapebers: phisdasli, abl Seti gtass, Its early, abundant, 
“ Alopecurus pratensis, meadow fo ; "y, ? 
and rapid growth, together with the excellent qualities of the ; 
lace this among our best grasses for meadows ; and it answers 
well for water-meadows, provided the ag oe is good. 
« Festuca elatior, tall meadow-fescue, grass, although rather 
coarse in its nature, is relished by stock ; it is, however, best suited to 
land which lies low. 
“ Festuca pratensis, meadow-fescue. The # rae is abundant with- 
out being coarse ; the quatity is excellent, and its ; i 
ons are 


« Lotus major,  bird’s-foot trefoil. Moist si 
yields an abundance of nutritious food, and is 


grea: 
natural localities. It 
much sought grid! stock. 

“Trifolium hybridum, hybrid clover, is not grown as much as its 
merits justify ; it is highly esteemed on the Continent, and wheéte it is 
grown in this country it answers very well. It is the most suitable of 
all yo clovers for a prec ye pen atl oo nana im, 

* Phleum pratense, meadow cat’s-tail or Timothy grass, e 
of the grass is both early in the spring and late in the bad el 
produces an abundance of herbage, and the quality is exceeding 

“These are the principal grasses which are suitable for 
land} and the following mixture of these seeds, which has been recom- 
mended,* appears to be a judicious receipt :— 


Agrostis stolonifera . ‘ . . neh 
Alopecurus pratensis . é ‘ . 
Festuca elatior . é . . ‘ 
» ~=—-~Pratensis . ‘ ‘ . . 
” +s. loliacea ‘ . . 
* Glyeeria aquatica . . . ‘ 
» fluitans , . . . . 
. Lolium italicum . . . . . . 
» perenne. ° ‘ ° . 
Phalaris arundinacea. =f kw lke 
Phieum pratense . ‘ : ‘ 
Poa trivialis ‘ ‘ ‘ ‘ ‘ . 
Lotus major . ‘ ’ . . ‘ 
Trifolium hybridum « ‘ ha 


ss ee 


- 


a es 


— a 


—————————- oe 


Ps ere ten cice rere er ener erat 


“These soeds should be sown on the land after it has been well 
cleaned and pang into good order by previous cultivation. The sur- 
face must be gently harrowed and then rolled, the birds kept off, and 


with ordinary care a good plant of grass will soon estab 


itself, 
producing herbage of the very best quality.” 


* Morton's ‘ Encyclopmwdia of Agriculture,’ yol, i, p. 1001, 


, 
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Last] ; we quote Professor Buckman’s report on the influe f 
ivigation in modifying or improving the character of natural it 
e says :— 


“Trrigation, when it can be practised, is—tho acti indi- 
rectly—the most direct means of getting rid of all ee 
from herbage, and the most direct en ager of the growth of 

8 that we possess; in illustration of w we quote the sub- 
Fined le from the ‘ Journal of the Royal Agricultiral Society,’ 
Vol. xy., part 2, 


Taste I.—Snowine THe Cuance or Henns (Nor Grasses) unDER InRIc ATION. 


Proportionals. 

Botanical Names. Common Names, Bl, else8 

ga deaece 

= BE BE 

- nl an 

Banuneulus acris . | Upright Meadow Crowfoot.| 1 3 1 
ad bulbosus | Bulbous Crowfoot eis OS) ee 
Plantago lanceolata . | Narrow-leaved Plaintain . 3 1 1 
” media + Broad-leaved Plaintain , . 3 * a 
Trifolium repens .{DutchClover , . .| 2 ve ee 
» pratense .|BroadClover . . .| 1 2 2 
Anthriscus vulgaris . | Common beaked Parsley . 1 2 1 


* Here we see a marked decrease in bad plants and a corresponding 
increase in to be distinctly traced in two years; and in four years 
this decrease is still more rapidly progressing; and we are enabled to 
state, as the result of some seven years’ watching, that now the irri- 
gated meadow presents scarcely a trace of the plants belonging to 
this table, but all, or nearly all, are replaced by most excellent grasses. 

“The following table represents the changes which took place in 
ey  meadow-grasses in the same time. This field 
trebled © cen He ral peed Bing Be pis eren teas ple! the 
inereased value being due not only to the of its growing grass and 
nothing else, but to its growing only the best kinds of grasses; for 
irrigation acts indirectly by killing weeds and innutritious grasses. 


Taste II,—Representixc THE Cuances or Grasses unDER Inntcation. 


Proportionals, 
Botanical Names. Common Names. £2 BES wes 
nm 
ae arelgre 
EE\ gE 
Alopecurus pratensis . | Meadow Fox-tail Grass. . 1 2 4 
Poa pratensis . » | Field Meadow Grass . ° 2 3 4 
oy trivialis . .. «| Rough Meadow Grass . . 1 2 1 
Briza media . + | Quaking Grass . . ° 2 ve os 
Cynosurus cristatus . | Crested Dog's-tail Grass. 2 1 Pr} 
Aira ewspitosa. . .| Hassock Grass . 3 1 a a 
Agrostis stolonifera .| Marsh Bent Grass , . 1 2 3 
Dactylis glomerata , | Cock’s-foot Grass . wg 1 2 3 
Avena flayescens . .| Yellow OatGrass , é 2 8 3 
+, pubescens + | Soft Oat Grass. ols 1 1 1 
pratense , | Meadow Barley Grass 1 2 2 
Lolium p rut Ps ial Rye-grass 2 4 6 


“These tables will at a "sores Avante the practical bearing of irri- 
gation as an indirect means of getting rid of extraneous meadow plants, 
and at the same time its direct advantage in encouraging the growth of 


grasses. P 
ISAMIC ACID. [Iyp1co.] 
ISAMIDE,. [Inpico. 

IypiGo. 


ISATILIME. 

ISATIMIDE. [Inpico. 

ISATIN. [Inpico.] — 

ISATINIC ACID. ‘[Inp1c0.] 

ISATYDES. [Iyptco.] 

ISETHIONIC ACID is one of the substances found in the residue 
from the preparation of ether, but may be formed directly by boiling, 
for some time, a strong solution of ethionic acid. The formula for 
ethionie acid is (C,H,,2HO,480,) ;—not (C,H,,2HO,,480,) as repre- 
sented under Erntonic Actp—and by ebullition is decomposed into 
sulphuric and isethionic acids: these may be se from each 
other by neutralisation with carbonate of baryta and the isethionate of 
eee in tabular crystals by evaporation of the filtered 


Isethionic acid (0,H,,2HO is uncrystallisable. It is isomeric 
with See es to yall ceaceteclons ty tao geonten bone 
of its The general formula of the isethionates is (C,H,,HO,MO, 


280.) or perhaps (MO,C,H.S,0,). They are most: tallisable, and. 
when heated with hydrate of potash are decbeandhed ite carbonate, 
oxalate, sulphate and sulphite of the base, hydrogen being evolved. 

ISINGLASS is animal jelly, or gelatin, nearly pure. The best 
isinglass is prepared in Russia from the membranes of the sturgeon, 
especially from its air-bladder and sounds, which are remarkably large. 
These, when removed from the fish, are washed with cold water, and 
exposed a little to the air,in order that they may stiffen; the outer 
skin is then taken off and rejected, and the remainder cut out, and 
loosely twisted into rolls, according to the intended size of the pieces, 
which are called staples, and are known in commerce by the names of 
long and short staple, and of these the first is the best : these are dried 
in the air. The best sort of isinglass is used for the table and in ~ 
confectionary ; it is also largely employed in refining wine and beer. 

Isinglass is nearly colourless, has but little taste or smell, is trans- 
lucent in thin pieces, and is soluble in water, One part of it dissolved 
in a parts of hot water gives a solution which completely stiffens in 
cooling, 

Isinglass is also dissolyed by most acids readily, and also in solution 
of potash and soda, but not in alcohol, Several metallic salts and 
oxides have the property of precipitating a solution of isinglass, but 
corrosive sublimate does not produce this effect, which seryes to 

istinguish it from albumen ; but it resembles that substance in being 
precipitated by infusion of galls or of oak-bark. Isinglass is extremely 
nutritious. 

The degree in which we are dependent on different countries for our 
supply of isinglass will be seen by the following figures, which refer to 
the importations for 1856, presenting a fair average for recent years :— 
From Russia, 525 ewts. ; Brazil, 440; East Indies, 233 ; Prussia, 166; 
Guiana, 87; other countries, 170; equal in the whole to about 
180,000 Ibs. 

1518, one of the chief deities of the Egyptians, the sister and wife 
of Osiris. Isis was the Goddess of the ; the Universal Mother ; 
the Goddess of Fecundity, and the cow was therefore sacred to her. 
In the later dynasties she was the divinity of the moon, Osiris bein, 
that of the sun, By the Greeks she was identified with Demeter, an: 
her worship became widely spread through Greece, and subsequently 
in Rome, She was said to have first taught men the art of cultivati 
corn, whence corn was always carried in processions at her festivals, 
The annual festival of Isis in Egypt lasted eight days, during which a 
general purification took place. The priests of Isis were bound to 
observe perpetual chastity, their heads were shaved, and they went 
barefooted, The goddess was often represented as a woman with the 
horns of acow. She also appears with the lotus on her head and the 
sistrum in her hand ; and i“ head in some instances is seen covered 
with a hood. Heads of Isis are a frequent ornament of Egyptian 
capitals on the pillars of the temples, as in the facade of the temple of 
Denderah, and the column from the same building, both engraved 
under Eeyptian ARcuITECTURE, where also the female figures shown 
in the cut of the temple of Abou-Sambul are supposed to be representa- 
tions of Isis. 

As the worship of Isis passed into foreign lands it assumed a foreign 
character and many foreign attributes, as we see from the Greek and 
Roman writers, Sometimes Isis is represented like Diana of Ephesus, 
as the universal mother, with a number of breasts. The mysterious 
rites of Isis were probably in their origin symbolical; on one of her 
statues was the inscription, “I am all that has been, that shall be; no 
mortal has hitherto taken off my veil.” But the Isiac rites, trans- 
planted to Italy, became a cloak for licentiousness, and they were 
repeatedly forbidden at Rome. Tiberius had the images of Isis thrown 
into the Tiber, but the worship revived, and Juvenal speaks of it in 
an indignant strain. The Isiac table in the Turin Museum, which is 
supposed to represent the mysteries of Isis, has been judged by Cham- 
pollion to be the work of an uninitiated artist, little acquainted with 
the true worship of the goddess, and probably of the age of Hadrian, 

(Plutarch’s Treatise on Isis and Osiris, Wyttenbach’s ed., ii. 441 ; 
Herod., ii. 41, 42, 123, &c.; Pausan., ii. 18, 7, and ilioaded x, 82, 
13; Rosellini; Wilkinson, Ancient Egyptians, yol. iy. 

ISOCETAMIDE, [lIsoceric Aci. 

ISOCETIC ACID (C,,H,,0,). The grains of several euphorbiaceous 
plants yield by expression a white inodorous oil of sp. gr. ‘91. By 
saponification with caustic soda it is separated into oleic and isocetic 
acids, The latter purified by crystallisation from alcohol is obtained 
in brilliant plates, the melting point of which is 131° Fahr. 

Isocetamide (C.,H,,NO,) results when the oil is heated with am- 
monia in a closed tube. It is a white substance fusible at 152° and 
not acted upon by concentrated caustic potash. 

Jsocetie ether is a white odourless body, solid at temperatures below 
0° Fahr, [Eraerzan Saurs.] 

ISOCHROMATIC LINES are those coloured rings which appear 
when a pencil of polarised light is transmitted along the axis of a 
crystal, as mica or nitre, and is received in the eye after passing 
through a plate of tourmaline. Ifa plate of nitre, having its surfaces 
perpendicular to the axis of the natural prism, and highly polished, be 
placed between two plates of tourmaline haying their axes at right 
angles to one another, and the system be held close to the eye, which 
is directed towards the sky or a sheet of white paper, there will be 
seen a series of oval rings, about each of two points as poles, forming 


ir) ISOCHRONOUS, ISOCHRONISM. ISSUE. 
together resembling lemniscates, which are curves defined by the | where the total magnetic power of the earth is the same. 
property pbeigtin rectangle contained by two lines drawn from two | TERRESTRIAL 


its called the poles to any point in the curve is constant, The 
t coming directly from a lamp or candle may be used in the expe- 
riment, a lens of Pbuy Sabi in front, so as to con- 
, and thus furnish an illuminated 


esignation 
t each the tint is constant. For nitre, and other biaxal 
whose optic axes are not far apart, the tint is determined by 
value of a quantity = directly, in a given kind of crystal, as 
rectangle ment (the distance between the poles being 
and inversely as the thickness of the crystalline 
case, the curves are conceived to exist on the 
fa of which a point in the 
when the axes of the crystal are at a considerable distance from 
one another, if the curves be projected on a plane, the tint in each 


curve will depend on the uct of the sines of the angles subtended 
by two lines drawn from the poles to a point in its periphery, and also 
u the length of the described by a ray of light in passing 


the crystal. 

ISOUCHRONOUS, ISOCHRONISM (feos, equal, xpévos, time). 
Vibrations or oscillations which are performed in equal times are called 
isochroncus; and isochronism is the name given to a remarkable 
trae of all systems which are in equilibrium, namely, that when 

ight disturbance, be the same more or less, is given, the oscillations 
which take place are all performed in the same time, or so nearly in 


ve attaching a weight to a string, and observing the vibrations. 
ill better proof may be found in a musical string: the finest 
ear cannot detect any difference between the pitch of a note made bya 
smart blow on the key of a pianoforte and that made by a gentle one ; 


of equilibrium is twenty or thirty times greater in the first case than 
in the second. 

When, under two different circumstances, the longer is de- 
scribed in the same time as the shorter, it must be that the force acting 
in the first case is greater than that in the second ; and it is sufficiently 
known from experience, that the more a system at rest is disturbed, the 
greater is the effort which it makes to return. But in order that there 
may be isochronism, it is not sufficient that the effort to return should 
increase with the amount of disturbance, but the increase must take 


place to one law. This law is as follows :—the 
force of restitution must be always proportional to the disturbance, so 
that whatever force begins to act when the disturbance is a, twice as 


much acts when the disturbance is twice a; and so on for all propor- 
tions. That this law does prevail when the disturbance is not great, 
either absolutely, or so nearly that its error is extremely small, may be 
proved both by theory and experiment. The most complete proof is 
to be found in the ‘Mécanique Analytique’ of Lagrange. Granting 
the law, we can make it sufficiently apparent that the consequence 
must follow, namely, that all vibrations are performed in equal times. 
Let 4 and 8 be two material points which are urged towards the point 


RQB 


° 

© by pressures which are proportional to o a and 0B; and further let 
a4 pressure diminish as either point approaches towards 0, 80 as 
always to e between the pressures at any two points the pro- 
portions of the distances of those points from o, Take a minute portion 
of time, so small that the pressure may not rhb recaee: | during its 
continuance : then [AcceLErnation; Fatt or Bopres] the velocities 
created and the spaces described in that time will be ional to 
the pressures producing them. If then, during that time, a move to 
K and B to Q, AK and BQ (and therefore o K and 0 Q) will be in the pro- 

on of oa to oB, and the points will be at k and Q, with ures 
and velocities proportional to ok and 0g. Ina second such instant 
lot the points move to L and x: then Kx and QR, partly due to velo- 
stiles wise ore as 0 & to' Oc, eaih farilhe abslinmtions which are in 
the same proportion, will still be in the proportion of ok to 04, or of 
oOatoos. Consequently the whole at is to the whole Br in that 
proportion; and reasoning in this way for successive small accelera- 
tions, we show that the whole space moved over by a in any time is to 
that moved over by B in the same time in the ion of oA to OB. 


LEA 


Consequently a describes ao in the same time in which p describes 
BO; or the of a vibration of a is made in the same time as half a 
vibration of 8. 


To make this process perfectly strict, recourse must be had to the 
considerations in IntroraL CaLcutvs. 

ISOCLINAL. A term applied to those lines on the surface of the 
Se ae laces where a magnetic needle has the same 

lination or dip. e term means equal inclination, just as Isopy- 
NAMIC means equal force ; isodynamic lines connecting those places 


is the centre; and | 


tisfy | also in chemical composition ; thus ia 


ISOCTANORIC ACID. [Futmrvarre Aci. 
ISOMERISM. There are numerous su’ u 


striking instance of this between a number of 
seen in cyanic acid and its isomers. Thus the 1 
though widely different from each other in properties, all possess 
same percentage composition ; / 


Cyanicacid =. . more . . C,HNO, 

x Cyamelide . . + «+. « «+ « C,HNO, 
Fulminie acid . . . . . . C,H,N,O, 
Folminuric acid . «oe . + « CoH,N,O, 
Cyanuric acid . . . . . + CgH,N,O, 
Cyanilic acid * . . . 


When two or more isomeric com 
In ae 
isomeric compounds differ, and where it may be j 


said to be pognes. 

ISOMETRICAL PERSPECTIVE. [Prrsrrcrtve.] 
ISOMORPHISM. This term, raspy Sab chemistry 
lography, strictly signifies similarity of , but chemists 

term to such bodies as are not similar in 


and alum, all possess the same : 
—but they are not regarded as 
analogy in chemical composition. On the other hand spinel 
(MgO,Al,0,), magnetic oxide of iron (FeO,Fe,0,), and chrome iron 
(FeO,Cr,0,) are termed isomorphous because they not crystalli 

in the same form, but are in their com; > Oe 
following are some of the most important isomorphous groups:— 
eS 


1, ; ot: 
Alomina << 4-5 e) 4a) Se 9 ot eg Ao: 
Sesquioxide of iron . . » + « Fe,O, , : 
Oxide of chromium . . . -* « CrsO, 
Iimenite . . . . . + « FeTiO, 

I. 7 
Sulphuric acid . * ' . ‘ . 50, : 
Selenic acid . sare on re + «+ BeO, i * 
Chrothioacld 5.) 8 +e #9 OOe a 
Manganic acid. . ‘ . + » MnO, é rt 

1. a 
Chloride of potassium =. sw eS. KCL ve 
Bromide of potassium . . » «+ + KBr = 
Iodide of potassium . =. 20s este «KIL F by 
Fluoride of potassium , . . » » KF te 


of the doctrine of Se, see Miller's ‘ Chemical Physics.’ 
ISOPERIMETRICA ARIATION, CaLOULUS OF. 
ISO'SCELKS (toos, equal, oxédos, leg, the ¢ usually 

essen a term applied to a triangle of which two side 


are eq 
ISOTARTARIC ACID, [Tartanric Acip.] 
ISOTEREBENTHIN. PENTINE. } a 
ISOTHERMAL LINES. ([Mererorotocy; Temreraturs, Ter: 
RESTRIAL, DisTRIBUTION OF.] PY 
ISSUE. » (Law.) eaaoere ; 
ISSUE is —— cnr ormed for the a 
a constant lent harge from some 4 
weuslty saide “of lice oie de ices eae peas on an incision 


~ ple 


th the integuments in one of the limbs, or in the neighbourhood 
pip tee part, and there retaining them by adhesive ', 80 
to prevent the wound from healing, and it in a constant state 


suppuration. Other issues are made by rubbing caustic 
potash and quicklime, on a part of the skin till it is d 
sloughs, and by keeping open the ulcer thus formed, either 
or very stimulant dressings. Setons are another form 
Seen © breed flat needle beneath a portion of t ; 
ining in the thus formed either a skein of silk or a 
band of caoutchouc,  moxa and the actual cautery are ¢ 
times employed with the same view. ‘ ; : 
The use of issues for the cure of constitutional diseases, under the — 
idea that they remove noxious principles from blood, 
entirely abandoned; but they are som es had recourse 
to restore an habitual di which has been checked cure 
of any chronic local particularly skin disease, and the cessation of — 
which has seemed to give rise to of the head or 
internal organ. But the principal value of issues is as counter- 


| 
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irritants, by establishing a disease which is of itself unimportant in the 
neighbourhood of one which by its situation is more serious; and 
sant: ie amongst the most important means in the cure of 
chronic i ions of many internal organs, and especially of those 
of the joints and of the spine. 

ISSUE PEAS are round bodies employed for the purpose of main- 
taining irritation in a wound of the skin which is called an issue. 
[Issvz.] It isa matter of indifference of what substance the peas are 

, 80 long as they do not introduce poisonous matters into the 
wound. The seed of the common garden pea is frequently used ; but 


this is apt to ify or sprout. It is however more common to use 
the young unri its of the common orange (Citrus auwrantium). 
The fruits are dried and afterwards turned in a lathe before they are 


used as issue peas, The unripe oranges, dried, are sold under the name 
of or Curagoa 0 The rootstock of the Jris florentina 
is also into peas, and used for keeping up the discharge from 


issues. 

ISTHMIAN GAMES. The Isthmia were one of the four great 
national festivals of Greece, the others being the Olympia, Pythia, and 
Nemea. The Isthmia were celebrated under the presidency of the 
Corinthians, near Corinth, on the isthmus connecting Peloponnesus 
with the continent, at intervals of four years, corresponding with the 
recurrence of the other festivals above-mentioned, so that each year 
had its solemnity. The Isthmian es were first established in 
honour of Melicertes, the son of Ino(Paus., i. 44), but were reorganised 

Theseus in honour of Poseidon, the presiding deity of the isthmus. 

crowns bestowed on victors were of pine-leaves, or, later, wreaths 

of ivy. After the fall of Corinth the Isthmia were celebrated under 

the direction of the Sicyonians, until Corinth was re-built, when they 

were restored to the Corinthians, and continued to be celebrated till 

the establishment of Christianity. As all these games were similar in 

their object, contests, and ceremonies, it will be sufficient to refer for 

further ils to the article on the principal of them, the Olympia. 
[Onymeran Games. ] 

ITACONAMIC ACID (C,,H,NO,). A brown amorphous acid, 

heating the itaconate of ammonia. Its salts are very 

In like manner, by heating the itaconate of aniline itacon- 

amilic acid (C,H (C,,H,)NO,) or phenyl-itaconamic acid is ob- 


ITACONANILIDE (C,,H,(C,,H,),N,0,), Phenyl-itaconamide. An 
unim; t derivative from citric acid. [ANILIDES.] 

ITACONANILIC ACID. [Iraconamio Actp.] 

ITACONIC ACID (C,,H,0,,2HO). When citric or aconitic acid is 
distilled, two liquids are obtained in the receiver, the lighter of which 
mixes perfectly with water, whilst the heavier, which is oléaginous, 
combines with it slowly, and becomes a ine mass, to this a 
sufficient quantity of boiling water is to be added to dissolve the 

i ae tape “ol ge tre and the solution is to remain 
exposed to ; after some days’ spontaneous evaporation, crystals 
of itaconic acid are deposited, which are Sendlaghtons and hard; 
these are to be purified by crystallisations from water. 

The properties of the itaconic acid thus prepared are :—It crystallises 
in rhombic tables or rhombic octohedrons. It has no smell, but 

a very acid taste. It dissolves in 17 parts of water at 

, and in 10 parts at 68°, and boiling water dissolves much more. It 

is soluble in alcohol and in ether; at 248° the crystals lose no weight. 

At 320° they melt, exhaling white irritating vapours, and volatilise 

without spe Ba residue when the heat is continued. When 

jected to illation they decompose into anhydrous citraconic 
and water. 


ITALIAN ARCHITECTURE. Instead of comprising buildings of 
every style and class to be met with in Italy, the term “ Italian Archi- 
tecture” is ly restricted to signify that generic style formed by 
the revival of the Roman orders, and the adaptation of them, and other 
features derived from works of the same age, to buildings of every 

+ kind, domestic as well as public. Without such limitatidn, the term 
would apply to buildings 
locality, to the Ca d’Oro at Venice, no less than to the works of 
Palladio, and such modernised Palladianizm as is exhibited in the 

of the Teatro Fenice in the same city. Even with such limi- 
tation, the style presents so many varieties, both in regard to modes of 
treatment and taste of design, as to render it difficult to draw up a 
succinct account of it, if more be attempted than to explain the 
character of the orders and other leading external features, with their 
lication, and the taste generally manifested in architectural design. 
Mh eatian architecture, thus restricted, arose in that remarkable era 
in Italian history when the Medici had gathered about them the 
learning, the poetry, and the art of the day, and the revived study 
of classic literature having imbued the educated classes with a deep 
reverence for everything classic, works of art, as well as literature, were 
anxiously moulded according to a Roman type. Instead, however, of 
ig to themselves the remains of Roman Ph ps as models to 
freely followed in the same spirit, and modified as circumstances 
should require, Italian architects, in endeavouring to fix a new style 
founded upon the ancient orders, began by reducing the orders them- 

_ selves to the strictest mechanical system ible ; notwithstanding 
that for the Doric and Ionic they had no better guide than the few 
debased and insipid specimens which occur in Roman works, and the 


wing nothing else in common than their 


ambiguous explanations given in the text of Vitruvius, whom they 
looked up to as an infallible oracle. 

Italian architecture then is, allowance being made for local varieties, 
a style founded upon the Roman antique as interpreted by the writings 
of Vitruvius, and reduced to a methodical system by Alberti, Vignola, 
and Palladio. It was, however, founded rather on the Coliseum, the 
baths, triumphal arches and other secular buildings of the Romans 
than on their temples. Its greatest triumphs were in the palaces and 
civic buildings, rather than in the churches, which it secularised, and 
as the phrase is, paganised. But the Italian architects in their revival 
of ancient art made no effort to reproduce the ancient buildings. Whilst 
they followed with pedantic strictness the teaching of Vitruvius and 
Alberti in reference to the orders separately considered, they allowed 
themselves the utmost licence in their application of them. Theirs 
was a new combination of parts, not a repetition of the whole; their 
principle was that of the adaptation of antique Roman forms and details 
to modern Italian buildings. These forms and details were often 
applied with little consideration or discrimination, but the general 
effect is nevertheless rich and imposing ; and to Brunelleschi, Sansovino, 
and Palladio must be accorded the honour of having created a new and 
noble style of palatial and domestic architecture, rich in resources, and 
admitting»f the combination of broad simplicity and dignity of treat- 
ment with freshness, elegance, and picturesqueness in the details. But 
it is essentially a civic style of architecture ; the architecture of narrow 
streets and public places; an architecture whose buildings were to be 
seen close at hand and admired in detail, not like the ancient temples 
or medieval cathedrals to awe the mind by grandeur of mass, as well 
as by the severe simplicity or multitudinous variety of subordinate 

The characteristic features of the Italian architecture of the 15th 
and 16th centuries, may be stated briefly, but cannot be so stated with- 
out leaving the statement exceedingly imperfect. As has been said, 
the characteristic which distinguished this from the architecture of the 
preceding centuries was the strict use of the Roman orders. But then 
these orders were employed rather as a decorative than a constructive 
feature ; and applied without regard to classic precedent : and precedent 
being departed from in the primary instance, its neglect throughout 
followed as a necessary consequence. Thus different orders, or repe- 
titions of the same order, being applied to the several stories of build- 
ings whose fronts were pierced with windows, it became unavoidable 
to abandon all proportion of intercolumniation, and to space the 
columns according to the breadth of the piers and the apertures between 
them ; which in turn left hardly any other alternative than to engage 
the columns themselves, that is, to attach either half or three-quarter 
columns to the walls, because insulated columns placed so wide apart 
from each other would have had an exceedingly poor and meagre 
effect. And where one order was placed above another, two straggling 
rows of low insulated pillars—for low they must be in comparison wii 
the entire height of the building,—instead of at all ornamenting a 
building, would have incumbered it with what would have resembled 
stages of scaffolding. 

For a somewhat similar reason, either pilasters were substituted for — 
engaged columns, or the entablature was made to break over every 
column ; for if, instead of being thus broken, the entablature were | 
continued from column to column in each story, overhanging the face 
of the wall, it would produce an appearance of heaviness as well as 
weakness. One result of this practice of giving a separate order to 
each story is, that the columns become comparatively insignificant, 
both in proportion to the entire front and to the windows between 
them; more especially when the columns are further shortened by 
being placed on _—_ In fact windows and doors are generally 
the predominant features in Italian composition, even where two series 
are comprised within one order, being generally more prominent in 
their cornices and pediments than the other projections. They are 
often decorated with smaller columns or pilasters, and Palladio has 
sometimes loaded them with recumbent figures on the raking cornices of 
their pediments. Sometimes, as in the upper order of the Procuratie 
Nuove, by Scamozzi, at Venice, the windows (decorated with a lesser 
order) are carried up to the height of the capitals. In instances like 
these the ornamental details may be in imitation of the members of 
an ancient order, but the antique character is gone. Even where the 
windows are kept more subordinate to the order itself, the effect of the 
order is frequently diminished by the addition of a heavy attic pierced 
with windows occupying its entire length, and surmounted in turn by 
a balustrade, having perhaps a formal row of statues on its pedestals, 
which viewed at a little distance assume the appearance of so many 
pinnacles on the summit of the building, whilst the balusters them- 
selves in such cases suggest the idea of perforated battlements. 

Another distinctive feature of Italian architecture is the frequent 
use of circular, and the introduction of broken, pediments over doors 
and windows. Cornices are sometimes made important features in the 
composition, but often they are réndered subordinate or altogether 
dispensed with, the balustrade being as we have seen made the crown- 
ing feature. In some of the richer examples sculpture is freely and 
very effectively introduced, though occasionally in a somewhat hetero- 
dox manner. Sculptured friezes and elegantly carved vases also con- 
tribute largely to the general effect, 

But whilst much of the Italian architecture is microstylar, that is, 
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has a separate small order to each floor, or horizontal division of a 
facade above the ground floor, much of it is astylar, that is, without 
columns; the windows and arches being the chief features of the 
composition, and either a full entablature or a bold, rich, and carefully 
proportioned cornicione crowning the entire mass. This large and 
simple mode of treatment was greatly affected by the Florentine and 
Roman architects of the period of the revival. 

The example and influence of the revived Italian architecture was 
soon felt thronghout Europe [Renaissance Ancuitrecture), and the 
Italian architects were everywhere looked up to and followed as the 
— masters of the profession, until the archwological researches of 

last century, and particularly the examination of the architectural 
remains of ancient Greece, led to the desire for a closer imitation of 
classic, and especially of Greek forms : a fashion which has in its turn 
given way before the Gothic re-action, 

In our own country the Italian style was first introduced, with any 

oe to closeness of imitation, by Inigo Jones, and the Banqueting 

ouse, Whitehall, may be referred to as a favourable example both of 
the genius of the architect, and of the imitative Italian of the begin- 
ning of the 17th century. One of the latest English examples, prior 
to the eruption of the Greek furor, is Chambers’s Somerset House; 
the court of the Strand portion of which is a good example of a late 
modified Italian style, where an order is placed on a decorated base- 
ment, In our own day the Italian style has been re-introduced with 
great though not unquestioned success. Sir Charles Barry, the first we 
believe to adopt it, has applied it with great ability in several of his 
more important domestic buildings. The Travellers’ and the Reform 
club-houses in Pall Mall, both by him, will, with the adjoining Carlton 
Club (by Mr. Sidney Smirke), afford the reader a good idea of Italian 


architecture. All the three are copies, or adaptations, of celebrated: 


Italian buildings: The astylar Travellers is an imitation of the Palazzo 
Pandolfini, at Florence ; the Reform, a free adaptation of the Palazzo 
Farnese, at Rome; the microstylar Carlton, a direct copy from San- 
sovino’s famous Library of St. Mark, Venice. Several of the other 
London club-houses are Italian in style, and more or less direct copies 
of existing Italian buildings. 

ITCH, or as it is termed by nosologists, Scabies or Psora, is a disease 
of the skin, of which the most prominent symptom is a constant and 
intolerable itching. The eruption consists most commonly of minute 
vesicles filled with a clear watery fluid, and slightly elevated on‘small 
pimples; but its character is often obscured by a mixture of papule 
and pustules with the vesicles, Hence the disease has been divided 
into + > 


ct species according to the predominance of each kind of | * 


eruption ; but the distinction is artificial, and of no practical utility. 
The eruption occurs principally on the hands and wrists, and in those 
parts most exposed to friction, as the spaces between the fingers and 
the flexures of the joints. After a time it extends from these parts 
play rag legs, and trunk; but very rarely, if ever, appears on 


The itch is attended by no constitutional disorder, except in those 
severest forms in which the eruption consists chiefly of large pustules, 
surrounded by considerable inflammation of the adjacent skin. It never 
appears to arise spontaneously; but, where cleanliness is not strictly 
eran is easily communicated by contact. It is entirely due to 
the presence of a minute acarus under the skin known by the name 
of Sarcoptes scabiei. With the destruction of the insect the disease 
disappears. [Acanmps, in Nat. Hist. Div.) 

A certain specific for the cure of the itch, which never gets well 
without treatment, is the local application of sulphur; all the parts on 
which the eruption is visible thould be plentifully smeared with the 
unguentum sulphuris every night, or every night and morning, till the 
eure is perfected, which will require from three days to a fortnight, 
according to the severity and extent of the disease. The ointment 
must remain on the parts after each application, and occasional warm 
baths ~ to be used during the treatment. 

IVORY, the substance which composes the teeth or tusks of 
elephants, is extensively used in the arts for aking, or embellishing 
numberless small articles in almost universal use. The principal sup- 
plies of elephants’ teeth to this country are derived from the west coast 
of Africa and from Ceylon. The remaining imports are chiefly from 
the coast of Barbary, the Cape of Good Hope, gascar, and Siam. 
The United States of ca also send to this country some of the 
ivory which oe j and fossil ivory occasionally reaches England 
from Russia. demand has much increased within the last few 
and the supply can scarcely keep up with it, A great quantity 

now brought over by the Peninsular Company's steamers from Alex- 
andria, sometimes as much as 20,0001. worth in one cargo. This 
= of the trade consists chiefly of wild elephants’ tusks which have 

shed in the deserts of Arabia, and bought up by the Pacha of 


required to cut up the ivory with least waste. Veneers 
of 30 to an inch 


Egypt for sale to English Tho tenth one Snake ot Ot Sere 
hippo us, wild boar, and narwhal, all form ivory of various 

though the the tusk of the elephant is that which usually 
name. The fossil mammoth, often found in Siberia, was 
elephant ; and the ivory of the tusks is very similar to 
elephant of the present day. The Russians almost wholly 
this kind of ivory. Some of the mammoth 
solid to within 6 inches of the end, and 
white keys 


4 
Be 


EE 
: 


i 

i 

Ey 
3 


af 
Ft 
eEE 


i 


to 
3 inches wide, and 1-50th of an inch thick; 
coarse, From the peculiar curves and twists of each 


ckness of ivory ; and as the sawdust, together with 
scraping from after processes, effect a waste of one-half, it often happens 
that 60 finished ivory veneers will be no more than an inch in aggregate 
thickness. The thin plates are used chiefly for miniatures and — 
randum-books. The Russians, some years ago, devised a 

cutting wood yeneers out of solid blocks, by slicing it nny Hees the 
surface towards the centre, like unfolding a roll of cloth ; and M, 
pianoforte manufacturer at Paris, afterwards applied this method 
the cutting of ivory veneers. He can produce Awe measuring 
inches by 30; and with such sheets he has veneered the entire 
of pianofortes. Ivory forms a fine and delicate material 
duated scales in mathematical instruments; but it is 

expand and contract, under alternations of weather, to an : 
venient degree—insomuch that the Tithe Commissioners have 
to permit the use of ivory scales in laying down the areas 
boundaries of land. , 

Ivory, after being cut with the saw, is smoothed and 
various means—such as fine glass paper, or emery paper; 
and water applied by wash leather; oil on a bit of rag; putty 
Flanders brick, Trent sand, or powdered chalk, w , 
with flannel or a brush; or scraping and then rub! 
The list wheels Sere by ivory-workers consist of 10 to 20 
pieces of woollen cloth, screwed tightty bitmrieg two wooden 
rather smaller diameter; the cloth forms a pliant edge 
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my ep 
essence of turpentine, esign 
lines, which soon become nearly b The Gosien, taey be Sea 
in other tints if, instead of nitrate of silver, used 
muriate of gold or platinum, or nitrate of onsite Sometimes the 
pie: ear bs ved, and the lines filled in with hard black varnish. 
nother mode of ornamenting ivory is to engrave a design on a : 
late, take an impression on paper, transfer this i to the 
vory, stop out the blank ions with guiacum varnish, submit 
ivory to the action of dilute acid, and then melt or wash 
varnish ; there will result a tinted engraving on the surface of 


ivory. 

ra Cheverton in 1850 patented a mode of making what he terms 
artificial ivory. It consists in giving an ivory-like surface to gypsum or 
alabaster. hgh soe sais. 7 een ctu" Behn bk Ge 
exposed for forty-eight hours to a temperature i +» by wi 
is pactabuies te Giivens ol They are then immersed till 

pry pod waite oe ere ire hogan = 
mes in warm water, they are with whiting or putty powder, 
by which they obtain an ivory-like surface. M. Franchi has devised a 
somewhat similar mode of imitating ivory by preparing a mixture of 
32 parts plaster of Paris with 1 of Italian yellow ochre; the materials 
are reduced to powder, sifted, mixed, liquefied with water, cast in 
moulds, dried in the open air, baked in an oven, and soaked while hot 
for a quarter of an hour in a hot mixture of equal parts of spert 
white wax, and stearine; the cast is brushed while warm, 
polished with a tuft of cotton wool when cold. : 
The curious substance called vegetable ivory, is the seed of a genus of 
plants named Phytelephas, from phuton and elephas, the Greek version 
of its English name. An account of it, and of its uses, will be found 
under Payreceruas, in Nat, Hist. Dry, ° 

IVORY BLACK. [Bone Brack.] 

IXOLITE. A mineral hydrocarbon resembling hartite. 
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Tin the Festish, lingnage, has a sibilant ga nd, closely connected 
J; wean Ses of the syllable di before a yowel. [AtpHaBET.] It has 
@ simil. in the ch tongue; but in it is pronounced 

our y before a vowel, What its pronunciation was in 

atin may it of dispute, for although it is generally laid down that 
its power with the was the same as with the Germans, there 
reason for thinking our own sound of the letter was not un- 
) ancient sme es Italy. Pik name of bois was 
undoubtedly written originally Diupiter, so Janus was at Dianus, 
ae as the goddess ys ig called by the rustics Jana. (See D and 

Ju 


jus ie the ere piter arth Bee ee cad tes 
by Telerring to the modern Italian forms, Giogo, geovare, giovenco, 


is of recent date. Exactly in the same way; mong the 


write the 
jaan #ba Bpesieh bogvage 3 represents 

snaeed af #, which had the same power : thus Jeres 
is the name of the town which gives its title to the wine called by us 


on the events of the first 

in a political club formed at Versailles, about the time of the meeting 
of the first National Assembly, and which was composed chiefly of 
deputies from Brittany, who were most determined against the court 
and the old monarchy, and some also from the South of France, 


its sittings to Paris (October 19, 1789), the Breton club followed it, 
and soon after established its meetings in the lately suppressed con- 
vent of the Jacobins, or Dominican monks, in the Rue St. Honoré. 


From this circumstance the club and the powerful which grew 
Som it acquired the name of Jacobins. During year 1790 the 
increased its numbers by admitting many men known for violent 


pinciples, which tended not to the establishment of a constitutional 
throne, but to the subversion of the monarchy. A schism broke out 
between these and the original Jacobins, upon which Danton, Marat, 
and other revolutionists seceded from the club, and formed themselves 
into a separate club called “ Les Cordeliers,” from their meetings being 
in a suppressed convent of Franciscan friars, [Danron, in Broa. 
as Weer Decdiics cietiy advctaten neadiacrs, ( wption, and con- 
ie as a means of establishing the sorerseny, of the people. In 
1791 the Cordeliers reunited themselves with the Jacobin club, from 
which they expelled the less fanatical members, such as Louis Stanislas 
Legendre, and others. From that time, and especially in the 
following year 1792, the Jacobin club assumed the ascendancy over the 
i ; the measures previously discussed and carried in the club 
forced upon the assembly by the votes of the numerous Jacobin 
*s, and by the out-door influence of the pikemen of the suburbs, 
with whom b= club was i. So conpersin RG! attack on une 
Tuileries, in August, 1792, massacres of the following September, 
suppression of 


the: , and most of the measures of the reign of 
terror, ori wi club of the Jacobins, [RoBEsPIERRE, in 
Broo. Div.! The club had affiliations all over France, After the fall 
of Ro’ in July, 1794, the convention passed a resolution for- 


bidding pular assemblies from interfering with the deliberations 
of the ure. The Jacobins, however, haying attempted an insur- 
rection in November, 1794, in order to save one of their members, 
Carrier, who had been condemned to death, for his atrocities at Nantes, 
the convention ordered the club to be shut up; and Legendre, one of 
its former members, with an armed force dissolved the meeting, and 
cloged the hall, The spirit of the club, however, survived in its 
nunferous adherents, and continued to struggle against the legislature 
and the Executive Directory, until Bonaparte put an end to all factions, 
and restored fied! ging a The par 3 see has since continued 
to be used, often improperly app ike other party names, 

denote men of extreme democra' ical principles, who Pish for the 
subversion of monarchy and of all social distinctions, and are not 
over-scrupulous about the means of effecting their object, 

JA ARD APPARATUS. The Jacquard loom—or, more cor- 
uard appendage to the loom—is the most beautifnl of all 
connected with weaving. For a notice of the life of the 
inventor, see Jacquaxn, in Broa, Drv. 
which cost Jacquard so much thought and anxiety is 
to the loom, intended to tlevate or depress the w: 

for the reception of the shuttle, There is a hollow prismatic 

box, whose surfaces are pierced with a great number of holes; and to 


= 


i 


i 


each'face of the box is fitted a card also perforated: or rather, there 
are for each particular ¥ yee: to be woven a large nuraber of cards, 
all of equal size, and in size to each face of the box. The perfo- 
rations in the cards, where they occur, are correspondent in tion 
with some of the holes in the box; but in almost every card the holes 
are fewer in number than those on each face of the box, All the cards 
are linked together by hi or at in such a manner that, as the 
box rotates on a horizontal axis, the cards in succession lie flat on its 
several faces. The cards for one pattern may be several hundreds 
in number, and all form an endless chain. The box may have four, 
five, or more faces, ppeoreing to circumstances, The principle of action 
may be explained thus:—Supposing each face to have 100 petfora- 
tions, then there are 100 small bars or needles ranged in a grou 

in exactly the same order as the holes in the faces of the box, the en 

of the bars being ipmedioiyy opposite the holes, Each bar or needle 
isa lever by which certain warp-threads are governed, in such a way 
that, when the bars are moved longitudinally, the warp- s become 
elevated or depressed. Now if the box have a reciprocating motion, so 
that one of its faces shall. strike against the ends of the bars, the ends 
of all the bars will pass into the holes in. the box, if the face be not 
covered with a card ; but-if it be so covered, some of the bars will pass 
through the holes of the card into the holes in the box, while others, 
at the unperforated parts of the card, will be driven aside. Thus the 
bars become unequally acted on, and they in Lago turn act unequally 
on the warp- , depressing some, raising others, and leaving the 
remainder stationary ; and the cards are so perforated as to lead to the 
production of a pattern from this inequality of action. The mode in 
which the cards lie on the box may be seen in the annexed cut, which 


represents a form of the Jacquard apparatus employed in the bobbin- 
net machine, 

The Jacquard ppparabus was first intended for and applied to silk- 
weaving, but it has been found applicable to the bobbin-net and various 
other fancy manufactures. Its c! teristic value has been thus sta 
by Mr. Porter : ‘‘ The elaborate specimens of brocade which used to 
brought forward as evidence of skilfulness on the of the Spitalfields 
weavers of former days, were produced by only the most skilful among 
the craft, who bestowed upon their performances the most painful 
amount of labour, The most beautiful products of the loom in the 
present day are, however, accomplished by men possessing only the 
ordinary rate of skill; while the labour attendant upon the actual 
wens is but little more than that demanded for making the plainest 
goods.” : 
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has a separate emall order to each floor, or horizontal division of a 
facade above the ground floor, much of it is astylar, that is, without 
columns; the windows and arches being the chief features of the 
composition, and either a full entablature or a bold, rich, and carefully 
proportioned cornicione crowning the entire mass, This large and 
simple mode of treatment was greatly affected by the Florentine and 
Roman architects of the period of the revival. 

The example and influence of the revived Italian architecture was 
soon felt thronghout Europe AISSANCE ARCHITECTURE], and the 
Italian architects were everyw looked up to and followed as the 
great masters of the profession, until the archmological researches of 
the last century, and particularly the examination of the architectural 
remains of ancient Greece, led to the desire for a closer imitation of 
classic, and especially of Greek forms: a fashion which has in its turn 
given way before the Gothic re-action. 

In our own country the Italian style was first introduced, with any 

to closeness of imitation, by Inigo Jones, and the Banqueting 

‘ouse, Whitehall, may be referred to as a favourable example both of 
the genius of the architect, and of the imitative Italian of the begin- 
ning of the 17th century. One of the latest English examples, prior 
to the eruption of the Greek furor, is Chambers’s Somerset House; 
the court of the Strand portion of which is a good example of a late 
modified Italian style, where an order is placed on a decorated base- 
ment. In our own day the Italian style has been re-introduced with 
great though not unquestioned success. Sir Charles Barry, the first we 
believe to adopt it, applied it with great ability in several of his 
more important domestic buildings. The Travellers’ and the Reform 
club-houses in Pall Mall, both by him, will, with the adjoining Carlton 
Club (by Mr. Sidney Smirke), afford the reader a good idea of Italian 


architecture. All the three are copies, or adaptations, of celebrated: 


Ttalian buildings: The astylar Travellers is an imitation of the Palazzo 
Pandolfini, at Florence ; the Reform, a free adaptation of the Palazzo 
Farnese, at Rome; the microstylar Carlton, a direct copy from San- 
sovino’s famous Library of St. Mark, Venice. Several of the other 
London club-houses are Italian in style, and more or less direct copies 
of existing Italian pre 

ITCH, or as it is by nosologists, Scabies or Psora, is a disease 
of the skin, of which the most prominent symptom is a constant and 
intolerable itchi The eruption consists most commonly of minute 
vesicles filled with a clear watery fluid, and slightly elevated on ‘small 
pimples; but its character is often obscured by a mixture of papule 
and pustules with the vesicles. Hence the disease has been divided 
into distin inct species according to the predominance of each kind of 
eruption ; but the distinction is artificial, and of no practical utility. 
The eruption occurs principally on the hands and wrists, and in those 
parts most e to friction, as the spaces between the fingers and 
the flexures of the joints. After a time it extends from these parts 
ty lege a legs, and trunk; but very rarely, if ever, appears on 

The itch is attended 7 no constitutional disorder, except in those 
severest forms in which the eruption consists chiefly of large pustules, 
surrounded by considerable inflammation of the adjacent skin. It never 
arose te arise spontaneously; but, where cleanliness is not strictly 
° , it is easily communicated by contact. It is entirely due to 
the presence of a minute acarus the skin known b name 
of Sarcoptes scabiei. With the destruction of the insect the disease 
disappears. [Acanmpa, in Nat. Hist. a 

A certain specific for the cure of the itch, which never gets well 
without treatment, is the local application of sulphur; all the parts on 
which the eruption is visible should be plentifully smeared with the 
unguentum sulphuris every gu or every night and morning, till the 
eure is perfected, which will require from three days to a fortnight, 
according to the severity and extent of the disease. The ointment 
must remain on the parts after each application, and occasional warm 
baths ought to be used during the treatment. 

IVORY, the substance which composes the teeth or tusks of 
elephants, is extensively used in the arts for ing or embellishing 
numberless small articles in almost universal use. © principal sup- 
plies of elephants’ teeth to this country are derived from the west coast 
of Africa and from Ceylon. The remaining im are chiefly from 
the coast of Barbary, the Cape of Good Hope, and Siam. 
The United States of America also send to this country some of the 
ivory which cap as nee and fossil ivory occasionally reaches England 
from Russia. e demand has much increased within the last few 

, and the supply can scarcely keep up with it, A great quantity 

now brought over by the Peninsular Company's steamers from Alex- 
andria, sometimes as much as 20,0002. worth in one cargo. This 
— of the trade consists chiefly of wild elephants’ tusks which have 

shed in the deserts of Arabia, and bought up by the Pacha of 


1004 
Egypt for sale to English The teeth and tusks of the 
hippopotamus, wild boar, narwhal, all form ivory of eho <=: 
though the the tusk of the elephant is 
name. The fossil mammoth, often fou 
elephant ; and the ivory of the 
elephant of the present day. The Russians almost wholl 
this kind of ivory. Some of the mammoth 
solid .to within 6 inches of the end, and 
makers occasionally veneer the white 
— Ld gr ; 

or purposes of manufacture ivory 
in steel frames; the saws are from 15 
8 inches wide, and 1-50th of an inch thick; wil 
coarse, From the peculiar curves and twists of each tusk, 
required to cut up the ivory wi 
of 30 to an inch thickness of ivory; and as the sawdust, 
scraping from after processes, effect a waste of one-half, it 
that 60 finished ivory veneers will be no more than an inch in 
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thickness. The thin plates are used chiefly for miniatures and for memo- 
randum-books. The Russians, some years ago, d a mode of 
cutting wood yeneers out of solid blocks, by slicing it spirally from the 


surface towards the centre, like unfolding a roll of el 
pianoforte manufacturer at Paris, afterwards appli 
the cutting of ivory veneers. He can produce sheets measuring 1 
inches hy 30; and with such sheets he has veneered the entire surface 
of pianofortes. Ivory forms a fine and delicate r : 
duated scales in mathematical instruments; but is 
expand and contract, under alternations of 

venient degree—insomuch that the Tithe Commissioners have 
to permit the use of ivory scales in laying down 
boundaries of land. 

Ivory, after cut with the saw, is smoothed and ; 
various means as very fine glass paper, or euney epee) Whee 
and water applied by wash leather; oil on a bit of ng I ( 
Flanders brick, Trent sand, or powdered chalk, w and l 
with flannel or a brush; or scraping and then rubbing on soft j 
The list wheels eeonlerne by ivory-workers consist of 10 to 20 circular 
pieces of woollen , screwed tightly between two 
rather smaller diameter; the cloth forms a pliant 
beyond the wood; such wheels when moistened with 
used for polishing parasol handles and similar articles. 
demand in England for ivory is for making knife-handles 
* Ivory is often engraved by the French artists. | 
surface with a ground of wax or composition ; then 
this ground; then bite it in by a dilute solution of nitrate of 
wash in distilled water, dry with blotting-paper, and 
to the sun’s rays. When the ground has been removed by 
essence of turpentine, the design its itself as a series 
lines, which soon become nearly b! The desi 
in other tints if, instead of nitrate of silver, 
muriate of gold or platinum, or nitrate of copper. 
re panache be ved, ss tery: filled in with hard 

nother mode of ornamenting ivory is to engrave a design 

te, take an impression on paper, transfer this ee sew | 
vory, stop out the blank ions with guiacum su 
ivory to tbe action of dilute acid, and then melt or 
pices ; there will result a tinted engraving on the 
vory. 


Mr. Cheverton in 1850 patented a mode of making w 
artificial ivory. It consists in giving an ivory-like surface to 
prenry es — or other articles eo i 
exposed for forty-eight hours to a temperature ff 
the molestie fo driver off They are then immersed 
oe ee ee we onl Rees hiting pagent 
times in warm water, they are poli with w or pu 
Trory live BE ranchi has devised & 
of imitating ivory preparing a mixture 
82 parta plaster of Paris'with 1 of Italian yello $ 
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coulis, doted tn the boon air, baked in an oven, and soaked while hot 
for a quarter of an hour in a hot mixture of equal parts of 
white wax, and stearine; the brushed while warm, 


cast 
polished with a tuft of cotton wool Z 
Pc ae rarer shy mete ronan yatta y re 
its named Phytelephas, from phuton elephas, e Greek version 
of its English name. An account of it, and of its uses, will be found 
under Payre.eruas, in Nat. Hist, Diy. 
IVORY BLACK. [Bong Biack.] 
IXOLITE. A mineral hydrocarbon resembling hartite. 


JACQUARD APPARATUS. 1006 


J 


J jin date aie dues Lenetn} ha 


a tongue; but in Ger it is pronounced 


t our y before a vowel. What its pronunciation was in 

atin may admit of dispute, for although it is generally laid down that 
its power with the was the same as with the Germans, there 
is reason inki at our own sound of the letter was not un- 


The name of Jupiter was 
Dianus, 
the rustics Jana. (See D and 


: t t be stren, ed ing the i 
ota he rect Pov, Totes wih Es zene de, a fare 
to the modern Italian forms, Giogo, giovare, giovenco, 
There is no absurdity in supposing that two pronuncia- 
tions may have co-existed in the same . As to the form of the 
ji originally identical with that of i, and the distinction 
: them is of recent date. Exactly in the same way, among the 
n 3 used in medical prescriptions, it is the practice to write the 
last symbol for unity with a longer stroke, rj vij, viij. 
. In the peeriee 2 Seprerees © gicurel, Stel 4 Sow pied 
instead of a, which had the same power : thus Jeres rather than Xeres 
is the name of the town which gives its title to the wine called by us 
sherry. For the changes to which j is liable, see D, G, and I. 
JACOBINS, is the name of a faction which exercised a great influence 
the events of the first French Revolution. This faction originated 
litical club formed at Versailles, about the time of the meeting 
first National Assembly, and which was composed chiefly of 
ies from Brittany, who were most determined against the court 
the old monarchy, and some also from the South of France, 
whom was Mirabeau. When the National Assembly removed 
ttings to Paris (October 19, 1789), the Breton club followed it, 
soon after established its meetings in the lately suppressed con- 
of the Jacobins, or Dominican monks, in the Rue St. Honoré. 
this circumstance the club and the powerful pee. which grew 
it acquired the name of Jacobins. During the year 1790 the 
increased its numbers by admitting many men known for violent 
ples, which t not to the establishment of a constitutional 
but to the subversion of the monarchy. A schism broke out 
between these and the original Jacobins, upon which Danton, Marat, 
and other revolutionists seceded from the club, and formed themselves 
into a separate club called “ Les Cordeliers,” from their meetings being 
held in a suppressed convent of Franciscan friars. [Danron, in Broa. 
Diy.] The Cordeliers openly advocated massacre, proscription, and con- 
as a means of establishing the sovereianty, of the people. In 
1791 the Cordeliers reunited themselves with the Jacobin club, from 
which they expelled the less fanatical members, such as Louis Stanislas 
Freron, Legendre, and others. From that time, and especially in the 
following year 1792, the Jacobin club assumed the ascendancy over the 
; the measures previously discussed and carried in the club 
foreed upon the assembly by the votes of the numerous Jacobin 
, and by the out-door influence of the pikemen of the suburbs, 
with whom the club was in close connection. The attack on the 
Fg orb in August, 1792, nr on ae the arama sg rap 
suppression 0 roy , and most of the measures of the reign of 
terror, wil cg club of the Jacobins, (iesiertinks in 
Broa. Diy.} The club had affiliations all over France. After the fall 
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of Rol in July, 1794, the convention passed a resolution for- 
i pular assemblies from interfering with the deliberations 
of the ture. The Jacobins, however, having attempted an insur- 


rection in November, 1794, in order to save one of their members, 
Carrier, who had been condemned to death, for his atrocities at Nantes, 
the convention ordered the club to be shut up; and Legendre, one of 
its former members, with an armed force dissolved the meeting, and 
cloged the hall. The spirit of the clttb, however, survived in its 
nunterous adherents, and continued to struggle against the legislature 
and the Executive Directory, until Bonaparte put an end to all factions, 
and restored order inJ’rance, The name of Jacobin has since continued 
to be used, batt jp often gr ia applied, like other party names, 
to denote men-of extreme democratical principles, who wish for the 
subversion of monarchy and of all social distinctions, and are not 
over-ecrupulous about the means of effecting their object, 
ae Wal APPARATUS, "The seme loom—or, more cor- 
P uard ap’ e to the loom—is the most beautifnl of all 
ri fess connected with weaving. For a notice of the life of the 
PMs which’ cook Zpoquard io isoch Yong aad 
which cost Jacq so much thought and anxiety is 
a ieee a the loom, intended to tlevate or depress the warp: 
threads for the reception of the shuttle, There is a hollow prismatic 
box, whose surfaces are pierced with a great number of holes; and to 


. elevated or depressed. Now if the box have a reciproca 


eachfface of the box is fitted a card also perforated: or rather, there 
are for each particular pattern to be woven a large number of cards, 
all of equal size, and equal in size to each face of the box. The perfo- 
rations in the cards, where they occur, are correspondent in position 
with some of the holes in the box; but in almost every card the holes 
are fewer in number than those on each face of the box, All the cards 
are linked together by hinges or joints, in such a manner that, as the 
box rotates on a horizontal axis, the cards in succession lie flat on its 
several faces. The cards for one pattern may be several hundreds 
in number, and all form an endless chain, The box may have four, 
five, or more faces, pcorclng to circumstances, The principle of action 
may be explained thus:—Supposing each face to have 100 perfora- 
tions, then there are 100 small bars or needles ranged in a group 
in exactly the same order as the holes in the faces of the box, the ends 
of the bars being ipmedivtely opposite the holes. Each bar or needle 
isa lever by which certain warp-threads are governed, in such a way 
that, when the bars are moved longitudinally, the warp-threads become 
ting motion, so 
that one of its faces shall strike against the ends of the bars, the ends 
of all the bars will pass into the holes in the box, if the face be not 
covered with a card ; but-if it be so covered, some of the bats will pass 
through the holes of the card into the holes in the box, while others, 
at the unperforated pos of the card, will be driven aside. Thus the 
bars become unequally acted on, and they in their tutn act unequally 
on the warp-threads, depressing some, raising others, and leaving the 
remainder go pee Alig the cards are so perforated as to lead to the 
production of a pe from this inequality of action, The mode in 
which the cards lie on the box may be seen in the annexed cut, which 


represents a form of the Jacquard apparatus employed in the bobbin- 
net machine, 

The Jacquard apparatus was first intended for and applied to silk- 
weaving, but it has oe found spenette to the bbin-net and various 
other fancy manufactures. Its characteristic value has been thus sta 
by Mr. Porter; ‘‘ The elaborate specimens of brocade which used to 
brought forward as evidence of skilfulness on the gh of the Spitalfields 
weavers of former days, were produced by only the most skilful among 
the craft, who bestowed upon their performances the most painful 
amount of labour, The most beautiful products of the loom in the 
present day are, however, accomplished by men possessing only the 
ordi rate of skill; while the labour attendant upon the actual 
bie is but little more than that demanded for making the plainest 
goods.” : 
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Since Mr. Porter wrote, the extensions in the use of the Jacquard 
tus have been numerous and important; and man: in 

the mode of working have been gradually introduced. Messrs b 
of Kidderminster, in applying it to carpet belies st devised modes 
of ensuring a greater certainty of action, and a diminished liability to 

i t. Mr. Mackenzie, a Spitalfields manufacturer, has 
substituted a number ‘of compound needles for the revolving bars. 
Mr. Martin has devised a combination of perforated pattern papers, 
vertical needles, and presser bars, for selecting and acting upon a 
series of horizontal rods, by means of which the warp threads of the 
pattern are determined on. The old method involved a great wear 
and tear of cardboard, which induced some of the carpet manufacturers 
to substitute sheet iron. It has however since been found practicable 
to use a continuous strip of paper instead of a series of cards linked 

The strips can be rapidly cut from a previously ‘orated 
sheet of paper; and any number of duplicates may be uced. It 
required a long time to prepare the cards for a new pattern, and this 
lessened the willingness to introduce novel designs, on account of the 
expense; but by lessening the cost and weight, through the intro- 
duction of paper great scope is given for the display of artistic variety. 
Messrs. C: ley, the eminent carpet ympecamiont of ae er 
the Jacquard aj tus very ly in weaving the richer designs 0’ 

t; it is A Esto used by the manufacturers of waistcoat fabrics 
at Huddersfield. 

Some has been made towards the application of electricity, 
as a moving power, to the Jacquard apparatus. If the attempts prove 
successful, they will be noticed in Weavine. 

JAGANATH. [J cise ye, 

JAINAS, a religious sect of the Hindus. The name is derived from 
the Sanskrit jina, “ victorious,” which is the generic name of the 
deified saints of this sect. 

The Jainas are very numerous in the southern and western provinces 
of Hindustan; they are principally engaged in commerce, and from 
their wealth and ‘olbniense form a very important division of the popu- 
lation of the country. The history and opinions of this sect are also 
interesting from their striking similarity to the chief peculiarities of 
the religion of Buddha. The earliest information concerning this sect 
was given in the 9th vol. of the ‘ Asiatic Researches,’ in an ‘ Account of 
the Jains, collected from a priest of this sect, at Mudgeri, translated 
for Major Mackenzie ;’ in ‘ Particulars of the Jains, by Dr. Buchanan : 
and in ‘ Observations of the sect of Jains,’ by Colebrooke. Several 
particulars concerning them are also given in Buchanan's ‘ Journey 
from Madras through Mysore,’ &c. ; Wilks's ‘ Historical Sketch of the 
South of India;" in the work of the Abbé du Bois; and in Ward’s 
‘ View of the History, Literature, and Religion of the Hindus.’ Infor- 
ination still more important is given in the 1st volume of the ‘ Trans- 
actions of the Royal Asiatic Society,’ by Colebrooke, ‘ On the Philosophy 
of the Hindus ;’ by Major Delamain, ‘On the Srawaks, or Jains;’ by 
Colebrooke, Dr. Hamilton, and Col. Franklin, ‘ On Inscriptions in Jain 
Temples in Behar ;’ by Dr, Hamilton, ‘ On the Sriwaks, or Jains;’ and 
also in the 2nd volume of the Transactions, by Major Todd, ‘ On the 
Religious Establishments in Mewar.’ But the most complete account 
of this sect is given by Prof. Wilson, in his ‘Sketch of the Religious 
Sects of the Hindus.’ (‘ As. Res.,’ vol xvii.) 

A view of the literature of the Jainas is given by Wilson in his 
‘Descriptive Catalogue of the MSS., &.. of Col. Mackenzie,’ vol. ii., 
pp. 144-162. The Jainas have their own Purdnas and other religious 
works, which are principally devoted to the history of the Térthan- 
karas, or deified teachers of the sect. The chief Purinas are supposed 
to have been written by Jina Sena Achdrya, who was probably the 

iritual preceptor of Amoghaversha, king of Kanchi, at the end of 
the 9th century of the Christian era. They have also their own works 
on astronomy, astrology, medicine, the mathematical sciences, and the 
form and disposition of the universe, of which a list is given in Wilson's 
‘Descriptive Catalogue.’ “ But the list there given is very far from 
including the whole of Jain literature, or even a considerable pro- 
— The books there alluded to are in fact confined to Southern 

ndia, and are written in Sanskrit or the dialects of the peninsula; 
but every province of Hindustan can produce Jain compositions, either 
in a Fo rth tea idiom; whilst many of the books, and 
especially those that ma regarded as their Scriptural authorities, 
are written in the Prakrit or Magadhi, a dialect which, with the Jain, 
as well as the Buddhas, is considered to be the appropriate vehicle of 
their sacred literature.” (Wilson, ‘As, Res.,’ vol. xvii., pp. 242-3.) 
The Jainas are alao said to have a number of works entitled Siddhantas 
and Agamas, which are to them what the Vedas are to the Brahmanical 
Hindus, 

The Jainas are considered by the Brahmans to form no part of the 
Hindu Church. The principal points of difference between them and 
the Brahmanical Hindus are—1st, a denial of the divine origin of the 
Vedas; 2ndly, the worship of certain holy mortals who have acquired 
by self-mortification and penance a power which renders them superior 
to the gods; and Srdly, extreme tenderness for animal life, These 
doctrines and customs are essentially the same as those of the Bud- 
dhists. The Jainas do not entirely reject the gods of the Hindu 
mythology; but they consider them greatly inferior to the Jinas, who 
are the object of their religious adoration. The statues of all or 
Of theee are in all their temples, sculptured in black or white marble, 


They are distinguished from each other in colour and 


FI1§ 


are represented as red, two as white, two as blue, two as black, and 
rest as of a golden hue or yellowish-brown, Of these Jinas the most 
celebrated are Parsvanitha and Mahfivira, who alone can be regarded — 


as having any historical existence. 
The origin of this sect has been a subject of much dispute. 
have endeavoured to prove that Pn ee 
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hypothesis exceedingly par 8 2 [Buppaism.] It has, on 
ith ter probability, from the 
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all allusion to Jinism in the ancient 


| 


and 
and from the com ivel pap emg sg Sete 
relating to the Jainas which have yet been di none being 


earlier than the 9th century, that the sect of the Jainas did not become 
‘of any importance till the 8th or 9th century of the Christian era. The 
striking similarity between the Buddhists and Jeet ee 
bable that they had the sane rigio, andl tak disians ie nierihe y 
form of Buddhism, accommodated 
Hindus. _In the southern provinces i 
are the most numerous, the distinction ot alee Se ee 


pro 
origin they had no distinction of caste ; and even in the present 
day, in caste, 


portance u : 
were finally expelled from Hindustan. ieee ‘Sanskrit Dictionary,’ 


1st edit., preface, pp. xv.-xx.) It therefore appears probable that 


Buddhists who were allowed to remain adopted the opinions and ese , ’ 


tices of Jinism, which may previously have existed as an 


division of the Buddhistic faith. In the 11th and 12th centuries the — 


religion of the Jainas appears to have been more widely diffused than 

at any other period. Many princes in the southern part of the penin- 

sula ern! this faith ; but it gradually lost much of its power and 

Tey in consequence of the rapid progress Vaishnavas and 
vas, / 

The Jainas were anciently called Arhatas, and are divided into two 
sects, of which the former is called Vivasanas, Muktavasanas, Muck- 
timbaras, or Digambaras, in reference to the nakedness of this order ; 
and the latter Swetambaras, “clad in white,” because the teachers of 
this sect wear white garments, The former are the more ancient. In 


more rarely. These two sects, though differing from each other in 
He few points, oppose one another with the bitterest animosity. 

he Jainas are also divided into Yatis and Srivakas, clerical and lay, 
the former of whom subsist upon the alms of the latter. The religious 
oe Oe ae ey ee The Yatis dispense with acts of 
devotion at their pleasure ; and the Srivakas are only bound to visit a 
temple daily, where some of the images of the Jinas are erected, and 
make a peg! offering of fruit and tlowers, accompanied by a short 
prayer. The Jaina temples are generally superior in size and beauty to 
those which belong to the Brahmanical religion. [Inpia, ARcHITROTURE 
or.] Bishop Heber has given an account of his visit to one of 
these temples, from which are usually excluded with jealous 
precautions, ‘The priest led us,” he says, “into a succession of six 
small rooms, with an altar at the end of each, not unlike those in 
Roman Catholic chapels, with a little niche on one side, en 
what in such churches they call prc aye In tg centre of each 
room was a large tray with rice ani ee strongly perfumed, 
rently as an offering, and men seated on their heels on the floor, with 
their hands folded as in prayer or religious contemplation. Over each 
of the altars was an altar-piece, a large bas-relief in marble, containing, 
the first five, the last in succession twenty-five , all of men 
sitting cross-legged, one considerably larger than rest, and 
sented asa negro. He, the priest said, was their god; the rest were 
the different bodies he had assumed at different ,» When he had 
become incarnate to instruct mankind. The d he had delivered 
on these occasions make up théir theology; and the progress which 
any one has made in these mysteries entitles him to worship in one or 
more of the successive apartments which were shown us.” (‘ Journal,’ 
i., p. 292.) 

e moral code of the Jainas is expressed in five Mahdvratas, or 
“great duties:" 1st, refraining from injury to life; 2nd, truth; 
8rd, honesty; 4th, chastity ; 5th, freedom from worldly desires. There 
are also four Dhermas, or “ merits:” liberality, gentleness, piety, and 


penance. 

JALAP is obtained from several plants of the tribe of the Convol- 
wulacee. The best is procured from ee (Bentham), 
called also Jpoma@a purga, It is a native of Mexico, g high up in 
the mountains, Jalap is chiefly shipped from Vera , and takes its 
name from the town of X , or Jalapa, in the interior, It is best 
when collected in March or April, before the young shoots have begun 
to be developed. The large root, which often weighs 50 pounds, is 
divided into portions, which are hung in nets over a fire, dried in 


ti 


the prejudices of the Brahmanical — 
of Hindustan, where the Sate 


é 
ee 
all. ph geared prep rime thebncregiw . 


1009 JALAPIC ACID. 


JANSENISTS. 1010 


ten or twelve days. It occurs in commerce in irregular round or pear- 
shaped masses, which, when good, are dry, hard, with a brown shining 
fracture, resinous, not light, somewhat tough. It is often adulterated 
with portions of the root of white bryony, which, however, are white, 
or when old, gray, not heavy, very brittle, fracture not resinous, spongy, 
without but with very bitter taste. Dried pears are also often 
substituted for it; but they may be detected by being laid open, when 
the core will be seen, containing the seeds, Analysed by Cadet de 
Gassicourt, 100 parts of the dry root yielded resin 10, gummy extrac- 
tive 44, woody fibre 29, starch, albumen, salts of lime, and potass, &c. 

: to the more recent analysis of Guibourt, some specimens 
yield 17 per cent. of resin: false rose-scented jalap as little as 3 per 
cent. Jalapina, or rhodeoretia, is an alkaloid discovered by Mr. Hume. 
Tt is a transparent, colourless, odourless, tasteless resin. These 
ee children, for whose complaints itis extremely 


oo og eth al yr ew Y of jalap, are really the roots or tubers of 


orizabensis oa nsceraeny Retrevcamecns By gered 
leatatoides , Register,’ January. . It yields 
inferior, light, or male jalap, and contains an alkaloid called 
Its excellence de upon the quantity of resin; a white jalap 
vate 0. Mechoacanna) is sometimes met with, which contains only 


rally certain, and when in combination with other substances, mild and 
speedy. It does not seem greatly to influence the nerves of the abdo- 
men, but rather the vascular system of the pelvis and lymphatic 
system of the intestines, It is given in obstruction of the liver, vena- 
porta, and diseases connected these organs, such as hypochondriasis, 
melancholia, jaundice, dropsy, and intermittent fevers; but at the 
pi ommend 1 common fevers, along with calomel, it is of great 
ity ; inflammatory or turgescent stage of h us 
and in the treatment of Ors clos. ; 
C ACID (C,,H,,0,,?). An uncrystallisable acid produced 
by the metamorphosis of jalapin under the influence of alkalies. It is 
with convolvulic acid. 

JA N. [Convorvo.ti.] 
Bit peahpetien (C. H,,0, ). A - i pi ianers insoluble in 
water, action of boiling dilute acids upon jalapin 
- i ea. Treated with caustic alkalies it forms vlabinoke anid 
INOLIC ACID. 
JALLOFFS, or YALLO 


z 
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than any of the neighbouring tribes. 
are divided into several independent sities, or Kioggdons, which 

at war either with their neighbours or with each other. 
" G. They are eayetallnble alinloid, sepable of ortaag 
' are isable ids, capable of forming 
acids, which precipitated by ta 29 and corrosive 


captives, from among whom 
had them educated in the 
profession. These recruits, 

e formed into a distinct body of infantry, 
ttalions, and they were consecrated and blessed 
by a celebrated dervish called Hadji Bektash, who gave them the name 
Yeni Cheri, or “ New Soldiers.” They soon became the terror of the 


4 
| 


common father ; 
service gave them habits of order and obedience far superior to the 
—— which formed at the time the armies of the princes of 

After the death of Solyman the Magnificent, and the 
general though gradual decay of the Ottoman warlike spirit, when the 
sultans no longer took the field in person, the Janizary body was no 
longer recruited exclusively from choice and young captives, but by 
enrolments of Osmanlees, who being born and bred in the faith of 
Islam, had not the zeal of proselytes, and were besides connected by 
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ties of consanguinity and friendship with the body of the people around 
them, and not exclusively devoted to the will of the sultan. In 1680 
Mohammed IV. abolished the law by which the Christian rayahs, or 
peas of the Porte, were obliged to give a portion of their children 
to the sultan to be educated in the Mohammedan faith and enrolled: 
into the militia. By the original laws of their body the Janizaries 
could not marry, but by degrees the prohibition was evaded, and at 
last totally disregarded. Their children’s names were then inscribed on 
the rolls of their respective ortas; and their relations and friends, men 
often unfit for any warlike service, obtained a similar honour, which 
gave them certain privileges and protection from the capricious oppres- 
sion of their rulers. In this manner a crowd of menials, low artisans, 
and vagabonds, came to be included in the body of Janizaries ; even 
rayahs and Jews purchased for money the same privilege; but all this 
motley crew lived out of the barracks, where only a few in time of 
peace were present at the appointed hours for receiving their soups or 
rations, Military exercises were abandoned; the Janizaries merely 
furnished a few guards and patroles for the city, many of them being 
only armed with sticks; and they never assembled as a body except on 
pay-day, when they defiled two by two before their nazirs, or in- 
spectors. Still they were formidable to the government from their 
numbers, which were scattered all over the empire, and their influence 
and connections with the mob of the capital. They repeatedly muti- 
nied against the sultans, and obliged them to change their ministers, or 
even deposed them. In our own days they dethroned Selim ; andin the 
beginning of the reign of the late Sultan Mahmood they broke out 
into a dreadful insurrection which lasted three days, and in which the 
Vizir Mustapha Bairactar lost his life. In both instances they were 
impelled by their hatred of the Nizam Djedid, or new troops, dis- 
ciplined after the European fashion. At last Mahmood resolved to 
down the Janizaries; and having for several years matured his 
plan with the advice of his favourite Halet Effendi, and gained over 
their aga and others of their principal officers, he issued an order that 
every orta or division should furnish 150 men to be drilled according 
to the European tactics. This, as he had foreseen, led to a revolt; the 
Janizaries assembled in the square of the Etmaidan, reversed their 
soup-kettles according to their custom in such cases, and, invoking the 
name of their tutelary saint Hadji Bektash, they began by attacking and 
plundering the houses of their enemies. But the body of topjis, or 
iers, the bostandjis, or guards of the seraglio, and the galiondjis, 
or marines, were prepared; the sultan, mufti, and the ulemas, assem- 
bled in the mosque of Achmet, pronounced a curse and a sentence of 
eternal dissolution on the body of the Janizaries; the sandjak shereef, 
or sacred standard, was unfurled, anda general attack on the Janizaries 
began, who, cooped up in the narrow streets, were mowed down by 
grape-shot, and the rest were despatched by the muskets and the yata- 
ghans of their enemies, or burned in their barracks. About 25,000 
Janizaries are said to have been engaged in the actual revolt, and most 
of them perished ; the others concealed themselves or were exiled 
into Asia. This carnage took place in June, 1825, and from that time 
the Janizaries as a body have ceased to exist. Macfarlane, in his 
* Constantinople in 1828,’ gives a vivid account of that catastrophe. 
JANSENISTS, a sect which appeared in the Roman Catholic church 
about the middle of the 17th century. They professed not to attack 
the dogmas but only the discipline of that church, which however 
stigmatised them as heretical in some of their tenets. They took 
their name from Janssen, or Jansenius, bishop of Y in the 
Netherlands, who published a book entitled ‘ Augustinus,’ in which he 
supported, by means of passages from the writings of St. Augustine, 
certain principles concerning the nature and efficacy of divine grace - 
which appear to partake greatly of Calvin’s doctrine of predestination. 
This question of grace and predestination had already been discussed 
in the church at various times, and had proved a stumbling-block to 
many theologians. Michael Baius, professor at Louvain, had been con- 
demned in 1567 by a papal bull, and obliged to disown seventy-six 
propositions taken from his writings, chiefly concerning that abstruse 
subject. Jansenius however died quietly at Ypres in 1638, and it was 
not till several years after his death that some Jesuit theologians, on 
examining his book, discovered in it the following five propositions, 
which they denounced as heretical :—1. That there are certain com- 
mandments of God which even righteous men, however desirous, find 
it impossible to obey, because they have not yet received a sufficient 
measure of grace to render obedience possible. 2. That nobody can 
resist the influence of inward grace. 38. In our fallen state of nature 
it is not required, in order that we be accounted responsible beings, 
that we should be free frora the internal necessity of acting, provided 
we are free from external constraint. 4. The Semi-Pelagians were 
heretical in maintaining that the human will has the choice of re- 
sisting or obeying the internal grace. 5, That to maintain that Christ 
died for all men, and not solely for those who are predestinated, is 
Semi-Pelagianism. 
After much bina lb these five propositions were condemned by 
a bull of Pope Innocent X., in the year 1653, as impious and blasphe- 
mous, and the bull was received by the French prelates, and promul- 
gated throughout France with the king’s consent. Several learned 
men, who disliked the Jesuits and their latitudinarian system of 
ethics, wrote not to defend the five 
these propositions did not exist in the 


itions, but to prove that - 
book of Jansenius, at least not in 
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the sense for which they were condemned The Jesuits again appealed 
to the pope, and a curious question arose for the pope, which was, to 
determine the exact meaning of an author who was dead. Alexander 
VIL. however, by a new bull, in 1656, again condemned Jansenius’s 
book as containing the five propositions in the sense ascribed to them 
by the former bull. Arnauld and other learned men of Port-Royal 
persisted in denying this assumed meaning; and thus they, and all 
those who thought ike them, received the appellation of Jansenists. 
A formulary was now drawn out conformable to the papal bull, which 
all ecclesiastical persons in France were required to sign, on pain of 
being suspended from their functions and offices. great many 
refused, and this occasioned a schism in the French church, which lasted 
many years. Arnauld, Pascal, Nicole, and other reputed Jansenists 
attacked vehemently the corruption, discipline, and morality of the 
church, and the Jesuits as supporters of that relaxation. [Pascan, 


in Broa. Dry.] They also inculcated the necessity of mental rather’ 


than outward or ceremonial devotion; they promoted the knowledge 
of the Scriptures among the people, and they encouraged general 
education by numerous good works which came from the press of 
Port-Royal. Meantime the controversy with Rome continued, Era 
Clement IX.,in 1668, entered into a sort of compromise with t 
French non-subscribing clergy, and Innocent XI. behaved with still 
aa moderation towards them. But Father Quesnel’s ‘ Moral 
bservations on the New Testament,’ published in 1698, added fuel to 
the flame. Quesnel, being now considered at the head of the Janse- 
nist party, was driven into exile; Louis XIV., urged by his Jesuit 
confessor, suppressed the monastery of Port-Royal in 1709; and Pope 
Clement XI., in 1713, fulminated the bull ‘ Unigenitus’ against 101 
propositions of Father Quesnel’s work. [Ciement XI. in Broa. Drv.) 
A fresh contention now arose ; a great part of the French clergy, many 
of whom were not Jansenists, including Cardinal de Noailles, appealed 
from the bull of the pope to a general council. The mt d’Orléans 
however insisted on unconditional submission to the bull, and the 
recusants, or “appellants,” were persecuted and driven into exile. 
This persecution made many fanatics, and Jansenism became a name 
for a set of visionaries and im rs. A certain Abbé Paris, who had 
been one of the appellants, and had died in 1727, was said to perform 
miracles from his tomb. For an investigation of thesé pretended 
miracles, see Bishop Douglas's ‘ Criterion, or Miracles Examined.’ 
Next came a set of men called Convulsionnaires, who were seized with 
spasms and ecstasies; and others who were styled Flagellants, who 
whipped themselves in honour of the Saint Abbé Paris. This frenzy 
lasted for years, and the government by harsh measures only increased 
it; in fact it became mixed up with political discontent, and the 
parliament of Paris took the part of the appellants. At last the 
paroxysm subsided, having had the effect of discrediting the name of 
Jansenism, which, as a sect, never afterwards revived, though its 
opinions are still held by many. As the original Jansenists maintained 
the absolute independence of the civil power on ecclesiastical authority, 
and as even in ecclesiastical matters they were not favourable to the 
supremacy of the Roman see, their principles had the effect of inducing 
many of the French clergy to take the oath to the constitution of 1791; 
these were called “prétres insermentés,’ and were considered as 
ycaaganeh A the see of Rome. The Jansenist principles extended to 
Italy, especially to Tuscany, where bishop Ricci and his partisans also 
effected a temporary schism. ' 
JANUARY, the first month in our present Calendar, was also th 
first month in the Roman Calendar. It was not the first month of the 
ear in this country till 1752, when the legislature, by an act passed 
in the preceding year, altered the mode of reckoning time from the 
Julian'to the Gregorian style. At this time it was directed that the 
legal year, which then commenced in some parts of this country in 
March, and in others in January, should universally be deemed to 
begin on the first of January. January derives its name from Janus. 
Macrobius expressly says it was dedicated to him because from its 
situation, it might be considered to be retrospective to the past, and 
prospective to the opening year. It consists of thirty-one days, though 
originally of only thirty days. The Anglo-Saxons called January 
Wolf-monath. 
JANUS, one of the most ancient and highest of the Roman deities. 
In mythological history, Janus is the earliest of the Italian kings, and 
reigned in Latium, being contemporary with Saturn, He was succeeded 
by Picus and Faunus, who as well as himself, were worshipped by the 
Ktruscans and Romans, Janus, by some accounts, was the son of the 
sun, and his attributes appear to connect him with sun-worship. He 
is the porter of heaven: he opens the year, the first month being 
named after him ; he presides over the seasons, whence he is sometimes 
represented with four heads (Janus Quadrifrons), and his temples in 
that capacity were built with four equal sides, but only one entrance. 
He presides over production. He is the keeper of earth, sea, and sky; 
the guardian deity of gates, on which account he is commonly repre- 
sented with two faces, because every door looks two ways; and thus 
he, the heavenly porter, can watch the east and west at once without 
turning. (Ovid, ‘ Fast., i. 140.) He usually carries a key in his left 
hand and a staff in the other. (Ib., 99.) His temples at Rome were 
numerous. In war time the gates of the peindipal one, that of Janus 
Quirinus, were always open ; in peace they were closed to retain the 
wars within (Ib., 124); but they were shut once only between the 


reign of Numa and that of Augustus. In reference to this attribute — 

he has the epithets of Clusius and Patuleius, the shutter and opener. — 
All his attributes, numerous and complicated as they are, r 
have reference to this notion of opening and shutting, and are ¥. 
by those who see in er see geese yng of the sun, string Sanne 
the phenomena of day and night, and the pervading vivifying 4 
of the solar rays; though, as has been implied, the ancients also connate 
his name with janua,adoor. As to the probable origin of the word — 
Janus, see the articles AnreMis, and the letterJ. oh 

highly varnished surface — 


were first brought to Europe; though the manufacture is also exten- 
sively practised by the Chinese, Siamese, Birmese, and other nations 
of the extreme east of Asia, among whom it was most 
bably by the possession of a tree, which affords with little preparation 
a beautiful varnish, exceedingly well adapted for the purpose, 
which hardens better than those prepared in Europe. 

The appearance of japanned work is as various as the taste and f 
of the artists employed in it. Sometimes it is a plain black or 
with a gilded or painted border ; or it is an imitation of marble, of } 
grained or rare wood, or of tortoiseshell ; sometimes a drawing,.in 
which high finish, brilliant colour, and showy patterns are more sought 
than design ; and occasionally fine copperplate engravings 
applied to a japanned surface. In all cases the work is hi - poli 
and varnished, Japanning is applied to ladies’ work-boxes and work- 
tables, toilet-boxes, cabinets, tea-caddies, fire-screens, tea-trays, bre 
baskets, snuffers and trays, candlesticks, and a variety of other articles. 
A good deal of common wood-painting is also called japenning 5 
this differs from the more ordi painter's work in little else than 
in using ntine instead of oil to mix the colours with. Bedsteads, 

ing-tables, wash-hand-stands, bed-room chairs, and similar articles — 

of furniture are painted in this way. lajity Se Leger 

Three processes are usually required in japanning ; e ground, 
painting, and finishi In addition to these processes, whenever the — 
matter to be japanned is not sufficiently smooth to receive the varnish 
or when it is too soft or coarse, it is sometimes prepared or primed 
before any of the proper japanning processes are applied. @ pre- 
paratory mixture or priming is composed of size and chalk; it is put — 
on with a brush like paint, and when perfectly dry it is brought toan 
even surface by rubbing with rush, and is then smoothed by a wet 
rag. The best japanners, however, disapprove of the use of ; 4 
because its brittleness is very detrimental to the firmness of the 
varnishes laid over it; they use no substances which are of themsely: 
unfit for receiving a varnish, or which they are unable to bring to a 
sufficiently smooth surface. For wood pred et fine enough to receive 
a varnish without priming, and for metals, paper, and leather, the only 
preparation necessary is a coat or two of varnish. In all these pro- — 
cesses it is a rule to allow a day or two to intervene after every opera- 
tion, that the work may be thoroughly dry. rie 

When the work has been prepared, the ground is laid on; this is 
either all of one colour, or marbled, or done in imitation of tortoise. _ 
shell. The grounds are the ordinary pigments mixed with varnish, 
laid on smoothly with a brush: when thoroughly dry they are var- 


nished, and afterwards polished by rubbing with a rag tripoli 
rotten stone; and, if the ground be white, with putty or starch and 
oil. The varnish used is either copal, seed lac, or of the gums ~ 


animi and mastic. The mode of laying the grounds varies 
That-which is now generally followed is to lay on one or two thick 
coats of colour mixed with varnish, then to varnish three or four times, 
and afterwards to dry the work oi gt in a stove. The colours 
are flake-white or white-lead, Prussian-blue, vermilion, Indian-red, 
king’s-yellow, verdigris, and lamp-black ; intermediate tints are mad 
by mixtures of these ; and an imitation of tortoiseshell is produced 
vermilion and a varnish of linseed-oil and umber, When a particularly 
gorgeous appearance is desired, the ground may be laid entirely in 
gold. This is produced by going over the work with japanner's ‘ 
size, which, when dry enough to bear touching with finger, but 
still soft and clammy, is covered with gold-dust, applied on a piece of 
soft wash-leather. Any other metallic dust may be laid on in the 
same way. Many receipts are given for preparing the japanner’s gold 
size, but nearly all agree in making li -oil and gui animi the basis. 
of the composition, A curious and very striking mode of the 
ground, called the dip, was formerly much practised. It was done by 
dropping small quantities of coloured varnish in a trough of water, — 
over the surface of which it immediately spread in curious and often 
beautiful ramifications; into these the article was dipped; the colour _ 
was thus transferred to the work, and when dried was varnished and _ 
es in hg usual manner. - 

e work when thoroughly dry will now be ready for painting, 
Showiness and brilliancy are chiefly sought for in Ppmcing, and 
bright colours with gold and bronze dust are employed. The — 
colours are tempered with oil or varnish, and metallic powders 
Jaid on with gold size. Copper-plate engravings or wood-cuts may also 
be executed in japan work. Tn this process the engraving is first 
printed off upon fine paper which has been previously prepared by a — 
thick coat of isinglass or gum water, When the print is perfectly dry, — 
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lied with its face downwards upon the japan ground covered 
a thin coat of copal varnish; the paper is then moistened on the 
i dipped in warm water, which in a few minutes 
dissolves the isi or gum, and the paper which is thus loosened is 
fently taken away, leaving the impression on the work. Indian ink or 
other drawings upon paper may be transferred to the japanned ground 
in the same way. A more expeditious and very effectual mode of 
transferring an wing is to print upon a smooth thick layer of a 
composition of glue, treacle, and whiting, which will receive an impres- 
sion as perfectly as a sheet of paper: the composition, which is elastic 
and very flexible, may be immediately laid down upon the japanned 
which will thus receive nearly as good an impression as if it 
could have been itself applied to the engraving. 

In whatever manner the work has been painted or printed, or if all 
addition to the plain colour of the ground has been dispensed with, 
nothing now remains but the finishing. This is a very simple process. 
The workman chooses one of the before-named ishes, and passes it 
over the work with a brush several times, until he judges the coating 
thick enough to bear the polish. It is an important precaution not to 
begin the varnishing until the preceding work is thoroughly dry, and 
to dry perfectly each coat before laying on a ing one. A hot 
stove is used in the best establishments to aid in drying the work. 
When thick enough, the varnish is polished by rubbing it with a rag 
dipped in finely-powdered tripoli or rotten-stone; towards the end of 
sels nap glade oil is also applied to the rag, and the work is 
comp! by rubbing with oil alone, to clear off powder or any 
other impurity. 

A peculiar species of japan-work is described under BuRMESE WARE. 


Ma gts Sie understood in the Birmi and Wolverhampton 
district, is chiefly applied to the coating of s iron-trays, saucepans, 
and other articles, with black varnish or japan. 


; 


It is carried on to an 
immense extent, and is largely executed by women and children. A 
more delicate variety of the art, also centered in Birmingham, will be 
found noticed under Parrer Macué. 

JAPONIC ACID. [Tanyio Acmps.] 


JASHER, BOOK OF ("WYT] 7D), or ‘the book of the upright,’ is 


twice referred to in the Old Testament as a work of authority. (Josh. 
x. 13; 2 Sam, i. 18.) Many conjectures have been formed concerning 
the author and contents of this book; but we have no means of 
arriving at any determination on the subject, since the 
work appears to have been lost before the time of the Babylonish 
captivity. Some critics have imagined it to be the same work as the 
book of Judges, which is evidently incorrect from the quotation in the 
book of Samuel; St. Jerome and some Jewish authors that it was the 
book of Genesis; others, as Bishop Lowth and Gesenius, have main- 
tained that it was a collection of national songs. 

In the year 1751, a printer of the name of [live published a pre- 
tended translation of the book of Jasher, which was said to have been 
translated from the original Hebrew by Alcuin of Britain. This work 
was republished at Bristol in 1829. An interesting account, and an 
elaborate ure of this literary f is given in Horne’s ‘ Intro- 
duction to Scriptures.’ There are two Rabbinical books of 
Jasher; one is a ‘ on the Jewish Laws, written by Rabbi 
Tlam in the 13th century, and printed at Cracow in 1617; the other, 

to be an explanation of the Pentateuch and Joshua, of which 

it is so much a mere repetition as to excite suspicion of its genuineness. 
The original, it is stated, was found at the time of the destruction of 
the Temple by Titus; it was preserved at Seville, and was printed in 
Hebrew at Venice in 1613. It has since been translated, and published 
Mr. Noak, in New York; and the translator maintains that this is 
book referred to in Joshua and in Samuel. Dr. 8. P. Tregelles, in 

his edition of Horne’s ‘ Introduction to the Scriptures,’ (1856), says, “ in 
character it ranks below most ai hal books and similar forgeries.” 

Dr. W. J. Donaldson published in 1855 a book entitled ‘ Jashar Frag- 
menta Archetypa Carminum Hebraicorum in Masorethico Veteris Testa- 
menti textu im tessellata, Collegit, ordinavit, restituit, in unum 
corpus redegit, Latine exhibuit, Commentario instruxit.’ In this work 
he endeavours to prove that the books of the Old Testament were none 
of them written before the time of Solomon, and then only as frag- 
ments, which he thinks formed the book of Jasher, or of the Upright ; 
and that these fragments were subsequently worked up into the shape 
of the existing books, at least as far asthe Psalms. This theory he 
su by selecting certain passages, which he styles “the very 
marrow of divine truth,” and considers them as the genuine fragments 
referred to in the eee Se i ee oe 
necessary to give references to the passages so selected, but the wor 
was printed at Berlin in Hebrew and Latin. To this,in 1855, the 
Rey. J. J. 8. Perowne published a reply —‘ Remarks on Dr. Donaldson’s 
Book, entitled Jashar ;’ in which he points out the unsatisfactory base 
of such a theory, founded on an arbitrary selection of passages “ culled 
by editorial skill out of the midst of works already existing as a whole, 
published as a whole, and bearing internal evidences of order and 
unity of design.” They extend from} Genesis i., of which two, verses 
are selected, to the dedication of the temple, Psalm Ixviii. 

JASON. ees) b 

JAUNDICE (from javne, yellow) is the name given to those 
diseases in which the excretion of the bile being prevented, it is 


retained in the blood, or reabsorbed, and being diffused throughout 
the system, gives a yellow colour to the skin, and all the other tissues 
and secretions. 

The name is however very indefinite, because the cases in which the 
separation of the bile is prevented are various. Everything, for 
example, which obstructs the main trunk of the bile-ducts, as gall- 
stones [CaLcvLus, Br1ary], or other foreign bodies filling its canal, 
certain morbid alterations of the liver or duodenum, or of the duct 
itself, tumours and enlargements of adjacent organs, will alike ~ 
mechanically produce jaundice, though their other symptoms differ 
widely. Again, it is often a symptom of inflammation of the liver, as 
especially in yellow fever, and of inflammation of the duodenum. But 
the most frequent cases are those which do not appear to be the con- 
sequence of any organic disease, but are accompanied by the symptoms 
of general disorder of the digestive organs, as nausea or vomiting, 
thirst,.and loss of appetite, confined or irregular condition of the 
bowels, headache, and general uneasiness. These cases generally come 
on suddenly, as a sequel of common diarrhcea, or in the dyspeptic and 
those of a sedentary habit, or whose bowels have been long inactive. 
It is often difficult to say what prevents the excretion of the bile; 
sometimes it is separated from the blood in too viscid a form; some- 
times mucus appears to obstruct the duct; in many cases there is 
probably spasm of the duct, as in those which occur after violent fits 
of anger or othergnental affection; and in some a larger quantity of 
bile appears to be formed than can be conveyed away with propor- 
tionate rapidity. 

It is impossible that any one mode of treatment should be adopted 
for a symptom depending on such varied causes. Where the obstruc- 
tion is mechanical, the jaundice is of course curable only by the 
removal of its evident cause; and in inflammation of the liver it is but 
a symptom of a more important disease, to which the treatment must 
be directed. In the more common cases, which, as distinguished from 
these, are sometimes called functional, the treatment should consist 
chiefly of small doses of mercury, and active purgatives containing the 
neutral salts. Warm baths and opium should be used, if there be any 
spasmodic pain of the right side ; and leeches, if any inflammatory pain 
or tenderness be felt. A mild diet and the avoidance of all stimulant 
drinks or food should be carefully enjoined. 

JERVINE (C,.H,,N.0,+4 aq.). Jervina, a vegetable alkaloid 
found with veratrine, colchicine, and sabadiline in white hellebore root. 
It is white and crystalline, and melts when heated into an oleaginous 
liquid ; at a higher temperature it takes fire, and burns with a sooty 
flame, without any residue. It is nearly insoluble in water, but dissolves 
in alcohol. 

Its compounds with hydrochloric, sulphuric, and nitric acids, are but 
slightly soluble in water and acids; the acetate dissolves readily in 
water; ammonia decomposes the solution and occasions a bulky preci- 
pitate of jervine. 

JESUITS; SOCI’ETAS JESU. [Loyoxa, in Brog. Drv.] 

JETSAM. [Ftorsam. 

JEWELLERY; JEWELLING. It may be desirable to explain 
briefly the sense in which the words jewellery and jewelling are under- 
stood, as manufacturing terms. 

Jewellery.—A jewel is a gem or precious stone, such as the diamond, . 
sapphire, ruby, ke. The cutting of these gems, to give them a par- 
ticular contour as well as reflecting facets, is the art of the lapidary, 
who works with very small sharp-edged wheels; the wheels are made 
to rotate rapidly ; and their edges are touched with the powder of 
some substance harder than that which is to be worked upon; the 
gem is thus ground away rather than cut—although it is sometimes 
severed into portions BN eee midway between cutting and slitting. 
The different gems themselves are described under their proper names, 
as objects of mineralogy, in the Narurat History Drvision of this 
Cyclopedia; the mode of cutting will be sufficiently understood by 
reference to many of those articles, to Camo and Emery, and to the 
latter portion of the present article; while the process of making 
artificial or factitious gems occupies one of the sections in GLass 
MANUFACTURE. 

The word jewellery, however, has a wider sense than this. It com- 
prises the setting of precious stones, and also the manufacture of small 
ornamental works in gold and silver, even when no precious stones are 
employed in them. e line of distinction between a goldsmith and a 
jeweller is not very marked, so far as the original meaning of the word 
is concerned; but there is a certain well-understood trade distinction. 
Goldsmith’s work, under the general name of plate, comprises the 
articles which are stamped at Goldsmith’s Hall and similar places ; 
while jewellery comprises the smaller articles which are not so 
stamped, 

There are great differences in the quality of the gold employed. 
Absolutely pure gold being technically ed “24 carats fine,” all 
other gold is named according to the ratio between fine gold and the 
alloy, estimated in 24ths. e alloy may be silver, or copper, or a 
mixture of both. Old standard gold used to have, and sterling gold 
still has, 22 of gold to 2 of alloy; new standard has 18 to 6. None 
below this can receive the “hall mark,” or Goldsmith's Hall stamp. 
Gold of lower quality is often known by its value per ounce, as 60s.- 

old, 40s.-gold, &c. Gold as high as 22 carats can rarely be used in 
jewellery ; itis too soft, The so-called fine-gold of the jewellers is now 
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usually about 16 carats; if meant to imply that the gold is pure, the 
word is of course, a deception, The announcement in shop-windows, 
“ Fine gold chains, weighing 5 sovereigns each, for 5i.,” “is little less 
than afraid. Indeed, as ordinary ae eee et 
the quality, there is pore Beet limit to the debasement of the m 

employed. Plate must not be below a certain standard ; jewellery may 
be, and is—in other words, pure, sterling, and standard gold have 
definite meanings; whereas, fine and ji ’ gold have not. It will 
thus be understood how gold chains, and such like articles, vary so 
much in value without varying much in appearance. By using a little 
more silver in the alloy, the tint is heightened; by using a little more 
copper, it is deepened; and thus the tint of pure, or nearly pure, gold 
can be very nearly imitated. A troy ounce of absolutely pure gold is 
worth 44. 4s, 114d. ; of sterling gold (22 carats), 31. 17s. 104.d; of new 


standard gold (18 carats), 8U. 3s. 84d.; of 12-carat gold, 21. 2s. 54d.; of, 
8-carat gold, 1d. 8s. 34d.—and so on; therefore, the value of an ounce } 


of so-called gold is wholly indefinite, unless the ratio of alloy be 
stated. Some jewellers’ gold is as low as 3 carats, not worth more 
than about 9s. per oz. The makers of cheap chains, pencil-cases, 
lockets, &c., have discovered that if zinc be used instead of silver as an 
alloy, the appearance is improved ; and thus the intrinsic value of the 
aa | is brought lower than ever. 

There are many compositions and many imitations of gold, used by 
artificers. A liquid gold is formed from a solution of terchloride of 
gold agitated with ether; it is used for producing devices on steel, &c., 
by leaving a coating of pure gold when dry. (old bronze, or gildi: 
powder, is often made on a small scale by grinding up gold-leaf wi 
honey. Dutch gold, also called pinchbeck and tombac, is made in 
Holland and Prussia, by ee parts of copper and 2 of zine, 
and rolling the compound into thin sheets. Grain gold consists of 
nearly pure gold, employed in ing various preparations. <A facti- 
tious gold, se of copper 16, platinum 7, and zinc 1, presents 
nearly the colour appearance of gold of 16 carats. Mosaic gold is 
made from bi-sulphuret of tin, or from various brassy compounds of 
metals, Messrs. Mourier and Vallent, in 1857, introduced an arfificial 
gold for ornamental work, which is said to be fine-grained, malleable, 
fusible for casting in a mould at a low heat, and susceptible of a good 
polish, It consists of copper 100, tin 17, manganese 6, sal.ammoniac 
4, quicklime 2, and tartar 9. 

The processes of jewellery, as a branch of goldsmith’s work, need 
no description; they comprise small or fine examples of casting in 
moulds, stamping with dies, wire-drawing, hammering and filing, bur- 
nishing and lacquering, &c. 

Jewelling —Jewelling, unlike jewellery, is a term wholly applied to 
gems, and not likewise to working in gold. It is especially applied to 
the jewelling of watches. This consists in setting diamonds, rubies, 
sapphires, chrysolites, or other hard stones, in the frame-plates and 
other parts of watches, in such a manner that the pivots of the watch 
may act in holes made in these, stones. There are two kinds of jewelled 
holes necessary in watches, one of which is merely a perforation through 
the stone; the other consists of a perforated piece, and a piece called 
an end-piece. The province of the watch-jeweller is to select the 
stones, and, except in the case of diamonds, to grind, polish, turn, drill, 
and set them into the frames or other parts of the watch in such a 
manner that the holes in the stones may correspond exactly in position 
with holes previously made by the watch-finisher or escapement-maker, 
Abhole without an end-piece is thus made, The hole in any piece to 
be jewelled having been made in its proper place by the finisher, the 

jece is so fixed in a lathe by the jeweller that the hole shall be per- 
Tectly concentric with the centre of motion; this hole is then enlarged 
by turning, and afterwards so formed that a small circle of brass which 
contains the stone, and which is called the setting, may have a cavity 
to rest in, without the ibility of its going ugh the plate or 

iece in which the hole fee beak made, After the setting has been 

itted to the cavity, and adjusted so as to be flush with the plate, two 
screws are inserted in the plate so near to the cavity which contains the 
setting that the edges of the screw-heads project a small distance over 
the edge of the setting, and thereby secure it in its place. When a 
hole wih an end-piece is required, the same process is adopted, but 
two stones are required for each hole instead of one; and the first, or 
perforated stone with ite setting is sunk into the cavity a sufficient 
distance below the surface of the plate to allow of the reception of a 
second setting, containing a stone which resembles in form a small 
slice cut from a sphere about the size of a shot, its form being plano- 
convex. The edge of this second setting is left flush with the plate or 
piece in which the cavity is made; and two screws being inserted, as in 
the former case, the two settings are secured at once. In the holes 
already described the stones are secured in their brass settings in a 
manner somewhat similar to that in which opticians set many of their 
glasses in telescopes: namely, by turning a place to receive the stone, 
and leaving a fine edge of brass, which is subsequently rubbed over 
the edge of the stone with a burnisher. When a diamond end-piece 
is used, it is usually set in steel, into which it is brazed, the diamond 
being a stone which will allow of heat sufficient for that purpose. After 
brazing, the steel is turned into shape, polished, and blued. 

The a tus necessary for the jeweller to carry on his business 
consists of a small lathe ; small gravers for turning brass and steel; a 
quantity of rough diamond in fragments, technically termed bort; small 
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mills or circular discs of metal (usually copper) for grinding the “ 
and tenting books masher eaaoiio ve! ph per 

made in the end of snnall eden alana 
the preparation of a stone for a jewel-hole, it is 
a copper disc about the size 
frequently made, with bort; the 
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20,000 revolutions in a minute, the latter 
ishi The stone 
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of one of the fingers of the 
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lathe, and its flat or parallel surfaces’ 
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of plate-glass, previously charged diamond- 
powder and oil, When an end-pi é 

gone through, except that the drilling is the 4 
side of the stone is polished by using a with a hollow 
end to suit the convexity of the stone. makes 

of a small spirit-lamp to heat the cement i 


purpose of securing the stones upon the chucks in 
a co pe real eee 2 used, fe what are 
diamonds, and are procured from Holland, where they are 
It may here be added that 4 as 
sometimes used for the nibs of 


kind, consisting of an iron frame, resembli 
of an old-fashioned corkscrew, in the centre 

of which is riveted at one end an elastic steel tongue, th : 
which, at the free end, is bent outwards to a right angle, so as to j 


the finger easly to strike it when the instrument is to the 
mouth and ly menpoetad by the pressure of the extremities — 
of the frame against the teeth. ee 


necessarily be very incomplete; but by employing two or more instru- 
ments the deficiencies are suppli ome years ago, an 
foreigner, M. Eulenstein, exhibited in London, at the Royal 
and afterwards at various concerts, his very i talent on 
the Jew’s- He used sixteen instruments of different sizes, and 
was thus enabled to modulate into every key, and to produce effects 
not only original, but musical and secantie 

JEWS (‘Iovdaio: and Judai in Greek and Latin, Jehudim in Hebrew), — 
in its widest acceptation, is used as synonymous with 


the Ringdom of Unde as it existed in the time of Jesus Christ, and 
whose descendants are now scattered over all the world. The hey 
of this people previous to the time of Christ is contained in the 
Testament aoa in J ay Fy and need not be repeated here, 
resistance made by the Jews to the power of Rome resulted, 
the dominion of the Asmonean princes, of whom an account be 
found under Asmongans, in the Broa. Div.; and, later, in their having 
paag Preeed oy into rebellion, in the destruction of the Temple 
by Titus, T Fe a then Pecans 9 Sears aeares therefore, © 
from about the time of the birth of Our Saviour we give a sketch 
of their history, It has to be observed, however, that the 

the Jews had undergone a considerable change during their Babylonish 
captivity, They had become more exclusively attached to their 
country and their laws, and we hear no more of their proneness to 
idolatry after that epoch, as in former times. They stri ‘oided 
intermarriage wi' 
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The last of the Asmonean «ages: put to death by Herod, son — 
who, wii 


of Antipater the Idumman, ith the ‘of the 

became king of Judea z,c. 38. [Hrrop Tax t, in Brog. Dry. 

He died in the same year that Christ was born, in the com- 
later. With 


the birth of Christ is placed FPN bows 
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mon chronol 
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son Archelaus was appointed ethnarch of Juda Proper, Idumea, and 
Samaria; his brother Herod Antipas had Galilee and Perea ; to Herod 
Philip were given the provinces of Trachonitis, Batanza, and Gaulonitis, 
east of the Jordan ; and another Philip had Iturea. Thus the domi- 
nions of Herod were dismembered between four of his sons, who are 


uestrian order. This is the state ts which Judsa was reduced in 
the time of Our Saviour. The ataiel toed continued to enjoy the 
exercise of their religious and municipal liberties. 

Under the'reign of Claudius, Herod Acripre, n of Herod the 
Great, who had been already appointed by Cali ethnarch of Galilee, 
was i king of Judea and all the former dominions of his 

; but he died three years after, at Ceesarea in Palestine, 
4.D. 44. This is the Herod mentioned in chapter xii. of the Acts. His 
neta Deewies Herod, Agripys, wae, tien: s, mincc, ond Jnsion 
n 


Samaria continued to be administered by Roman tors. Herod, 
however, was entrusted by the em with the sree of 
the Temple and the right of appointing and deposing the high-priest at 


Jerusalem, and he occasionally I ; 
governor generally resided at Cesarea. This second Herod Agrippa is 
the one mentioned in Acts, xxv., xxvi., there styled King Agrippa, 
whom St. Paul addressed in so impressive a manner in his defence. 
Agrippa was present at the final catastrophe of Jerusalem. 

A succession of more than usually rapacious Roman governors— 


ever overpowered with immense slaughter, and the second desolation 
of Judea took place, 

The dispersion of the Jews over the world, which is commonly dated 
from the pe ae of Jerusulem, had in reality long before. 
The Ptolemies had transplanted large colonies of them into Eeypt, 
Cyrene, and Cyprus; and Antiochus the Great settled great num! 
i wns of Asia. In the time of Cicero (‘ Pro Flacco’) there was 

wealthy Jewish community in Italy. A passage of Philo, in’ his 
letter of ippa, enumerates the countries in which the Jews were 
settled in time of Caligula : Egypt, Syria, Pamphylia, Cilicia, the 
as Bith, 


Mosaical laws, the Jews now established schools for the stricter incul- 
cation and study of them; and that of Tiberias was particularly cele- 
brated. From these schools issued the Mishna and the Gemara; the 
first by Rabbi Jehuda, the second by Rabbi Ascha and his disciples ; 
the w. forming the Babylonian Talmud. Many learned Rabbis 
distinguished themselves as opponents of the constantly increasing 
Christian faith. When the Eastern Empire had adopted Christianity, 
the Jews, who had hitherto lived undisturbed, were p under many 
restrictions. They were forbidden by Constantine to receive Christian 
converts, or to possess Christian slaves, Under Constantius, his suc- 
cessor, a tumult in Alexandria, in which they were implicated, led to 
fresh enactments against them, and to additional taxation; and sub- 
sequently Tiberias was burnt, and the school destroyed. Under Julian 
they were favoured, and he proposed to restore the temple, a project 
never com His successors renewed the severities against them, 
and in a.D, 415, after a tumult, 100,000 Jews were expelled from 
Alexandria, 


Theodorie and the other Gothic kings of Italy protected the Jews. 
During the frequent wars and invasions of that period, the Jews had 
the slave-trade of Europe in a great measure in their hands; and 
Pope Gregory I. and several councils interfered to prevent their wbusing 
the power which they had thus acquired over the persons of Christians. 
That wise and humane pope, in his ral letters, bewails and de- 
nounces this traffic, which was ied on in Italy, Sicily, Sardinia, and 
France ; he directs the bishops to interfere so as to prevent Jews from 

ing Christian slaves when a proper price was offered for them. 
On another occasion he directs that those Christian slaves who had 
been in possession of Jewish landed proprietors should be con- 
sidered as villains attached to the-soil, and should not be transplanted 
Sere 


way ; he also entreated the Frankish kings to banish the traffic 
wes from their dominions. 

Justinian was one of the first who enacted really o ive and 

intolerant laws against the Jews. One of these laws declared that all 


unbelievers, heathens, Jews, and Samaritans could neither be judges, 
nor prefects, nor fill any other dignity in the state; and another 
enacted that in mixed marriages between Jews and Christians the 
chief authority over the children should rest with the Christian parent. 
The Longobards in Italy maintained the severities that Justinian had 
im upon the Jews ; and by the West Goths in Spain they were 
forbidden to hold their sabbath or celebrate their Passover according 
to the Mosaical law. » 

The Jews however were too numerous and strong to be annihilated 
by imperial edicts: they had even the power of revenge. When. 
Chosroes II. invaded Syria, the Jews of Palestine rose to join the 
Persians, with whom they entered Jerusalem, then a Christian city, 
and perpetrated a dreadful slaughter of the Christian inhabitants. 
They are said to have purchased at a cheap price the captives of their 
allies the Persians, for the sake of murdering them. The victories of 
Heraclius however put an end to their momentary triumph. 

The rise of Mohammedanism brought an unfavourable change to the 
Eastern Jews. For a short period a Jewish dynasty was seated on the 
throne of Yemen in Arabia, but it was dispossessed by a king of 
Ethiopia, about the beginning of the 6th century. Jews however still 
continued numerous in Arabia; Mohammed endeavoured‘at first to win 
them over, but though at first they gave him some support against the 
pagans, they would not acknowledge a descendant of Hagar the bond- 
woman as the greatest of prophets, and Mohammed treated them with- 
out mercy. Under the Caliphs his successors they were protected on 
the easy terms of paying tribute, and as they made no resistance, they 
experienced not only protection but even encouragement from their 
new masters, whom they followed through their tide of conquest along 
the coast of Northern Africa. They also contributed materially to the 
triumph of the Crescent in the Spanish Peninsula. About the middle 
of the 8th century, a sect of Jews separated themselves from the main 
body, who were called Karastes, Their founder was Anan, who lived 
in Babylonia. This sect, which disclaimed the traditions of the Rabbis, 
and rejected the V ieciy et itself widely through Palestine, 
Egypt, Syria, and Arabia, and for many years an acknowledged 
chief, atin dwelt at Cairo. 

The intolerance the Jews had experienced in the Spanish Peninsula’ 
from the Gothic kings had driven large numbers to the opposite shores 
of Africa, whence many returned with the Saracen invaders; and the 
munificence of the Mohammedan princes towards them indicates that 
by their knowledge of the country the Jews had been highly instru- 
mental in advancing the conquest. In Moorish Spain the Jews had 
really a golden age, which lasted for centuries. There they cultivated 
science and learning; and the names of Benjamin of Tudela, Isaac of 
Cordova, Hasdai, the confidant of Abderrahman, and a host of others, 
attest their proficiency. Rodriguez de Castro (‘ Bibliotheca Espaiiola ’) 
and Vicente Ximeno (‘ Escritores del Reyno de Valencia’) give notices 
of the writi of the Spanish Jews. Xe the same time they were 

iving in the East under the caliphs of Bagdad, whose favour they 
enjoyed, at least till towards the end of the 10th century; and in 
Egypt, where they were protected by the Sultan Saladin, who em- 
ployed the celebrated Maimonides as his physician. 

Although at first partially employed by the Christian princes of 
Spain on account of their financial and scientific abilities, the position 
of the Jews became gradually more irksome as the Moorish power 
declined. In 1391 an archbishop of Sevilla excited the populace 
against them, and it is stated that of 7000 families, one half were slain, 
while 200,000 were enumerated as real or pretended converts to 
Christianity. Even these were not left in peace. The regular Inquisi- 
tion established under Ferdinand and Isabella undertook the task of 
punishing all relapsed converts. As for the unconverted Jews, the 
edict of 1492, made at the instigation jof the Inquisitor Torquemada, 
banished them all from the kingdom. The number of Jews thus 
expelled from Spain has been vaguely estimated at half a million, and 
even 800,000. They were allowed to carry away or sell only their 
moveables. Few of them consented to embrace Christianity in order 
to remain, Soon afterwards they were driven away from Portugal 
also with circumstances of still greater barbarity. Many perished, and 
others took refuge on the African coast. The expulsion of the Jews 
and that of the Moors or Moriscoes drained Spain of its most useful 
subjects. It was not till 1837 that even a slight amount of toleration 
was granted to them; but the numbers in the Peninsula even now are 
so few that they are not given in the general estimate of the total 
number of Jews; which for Europe may be about 3,500,000, as the 
‘ Almanach de Gotha’ for 1860, gives details amounting to 3,136,499, 
and does not include Great Britain, Bavaria, Belgium, Electoral Hesse, 
or Wurtemberg. ‘ 

Charlemagne protected the Jews like his other subjects: they filled 
municipal offices; they were physicians and bankers; and Isaac, a 
Jew, was chosen by that emperor as his ambassador to Harun al Rashid, 
caliph of Bagdad, a mission which was considered of the greatest 
importance at the time. The Jews enjoyed the same or even greater 
influence under Louis le Debonnaire and Charles the Bald, but 
towards the end of the latter reign the clergy began afresh to show 
their hostility. The Council of Meaux re-enacted the exclusion of the - 
Jews from all civil offices; but it was under the third or Capet 
dynasty that the Jews suffered actual persecution in France, Philippe 
Auguste, pressed by the wants of an empty exchequer, and perhaps 
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also by the reports of fanatics, who charged the Jews with all sorts of 
crimes, banished, in 1180, all the Jews from his dominions, confis- 
cated their property, and declared all debts due to them to be annulled. 
About twenty years afterwards the Jews were allowed to re-enter 
France, which 


following reigns for about two centuries, until they were expelled 
under Charl : 


rance, their rights have been respected. Napoleon I. in 1806 assembled 
a sanhedrim at Paris, and submitted to them twelve questions con- 
cerning the moral and social doctrines and discipline of the Jews. 
Their answers being found satisfactory, an ordinance was issued giving 
the Jews a regular organisation throughout France. They are 
subjected to the conscription, and are assessed to taxes like the rest of 
their countrymen ; and they are eligible to all political employments, in 
which some of them have reached the highest ranks. The Jews in 
France, in 1856, numbered 73,995, 

In Germany perhaps the Jews have suffered the most persecution, 
although they have always been numerous there, especially in the free 
towns. Besides the severities of the laws, they were to 
sudden bursts of popular fanaticism. They were massacred at the cry 
of “ Hep,” “ Hep,” the initials of the word “ Hierosolyma est perdita.” 
St. Bernard and Pope Eugenius IIT. loudly reprobated these atrocities. 
These persecutions almost of necessity drove them to the practice of 
usury, as affording the best security against their effects being plundered 
by a mob. In 1782 the writings of Lessing, Mendelssohn, and others 
began to produce their effects, for in this year an Austrian edict for a 
limited toleration was issued; by 1803 the capitation tax was removed 
from them in all the states of the German empire; by 1811 the rights 
of citizenship had been extended to them in most of the smaller 
German states ; in 1812 they were placed nearly on an equality with 
their fellow subjects in Prussia ; by 1833 this had extended to all the 
other states; in the disturbances of 1848 they were promised an entire 
equality, but the promise has not been as yet fulfilled. The Jewish 
' population in Germany is large; in the Prussian territories, in 1855, 
they numbered 234,248; in the Austrian empire they amounted 
to 853,304. Among the smaller states, ducal Hesse has the 
proportion, there being 28,700 Jews in a population of 845,571. 

In Italy the Jews seem to have enjoyed greater —— not always 
uninterrupted security. They were expelled from Naples and Sicily 
by Charles V., although he afforded them a moderate amount of 
protection in the empire. But in the Italian republics and trading 
towns the Jews formed a numerous body, from their 
commercial aptitude, and more ‘eularly from their trading inter- 
course with the Levant. In the Papal territories they were sometimes 
tolerated and sometimes persecuted; but here, as elsewhere, the 
Reformation has worked in their favour. They were, however, con- 
fined to a particular quarter in the towns, called the ghetto. Sardinia 
permitted them to become possessors of landed property, and this 
privilege, with others, will now be extended to a wider circle. In Italy 
there are supposed to be 47,000 Jews. 

In Holland, Denmark, and Sweden, more éspecially since the Refor- 
mation, the Jews have lived undisturbed; and in Holland they have 
long formed a highly flourishing, numerous, honourable, and intelligent 
community, amounting in 1859 to 64,070 in number. 

In Poland, Caesimir the Great, about 1360, afforded an asylum to the 
Jews when they were being persecuted in almost every other part of 

Europe. They became numerous, and diffused themselves widely into 
Russia, Their united numbers in those states in 1858 is given 
as 1,821,678; and though not in all respects on an equality with 
the citizen, they enjoy many privileges, and are generally above the 
serf. They are seldom cultivators, and in many districts have almost 
entire possession of some peculiar profession or trade, 

Throughout thes dominions of the Sultan the Jews are allowed to 
settle and follow their trades, though looked upon with scorn by the 

; and they number, it is stated, 300,000. In the regencies 
of Barbary they have settled likewise in great numbers. 

(Jost, ‘ Allgemeine Geschichte des Israclitischen Volkes ;’ Millman, 
* History of the Jews ;’ Ersch and Gruber’s ‘ Allgemeine Encyklopiidie ;’ 
Meyer's ‘ Grosse Conversations-Lexicon ;’ ‘ Almanach de Gotha,’ 1860. 

t does not appear at what time the Jews found their way to this 
island, but they were settled here in the Saxon period, and as early as 
4.p.750. From the time of the Conquest the Jews in England rapidly 
increased in number. Under the first three Norman kings the Tived 
undisturbed, so far as we are informed, and apparently ipquiires great 
wealth. But under Stephen and his successors they suffered grievously 
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Edward L, about 1290, all the Jews were banished 
Their numbers at that time are co 
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till after the 
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with Cromwell to obtain permission 
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to return. After the Restoration it seems pro! 


es without either permission 
i eg eden ag tcc > a 
to entering the country. year 

ictalgn Jews 40 be uahiliand WRDOL i 


popular f¢ 

1753. Since that year they have lived in 

molested. Pay 
During their residence in England, up to their banishment in the 

time of Edward I., the Jews were considered as the villains’ 

men of the king, a relation which seems to 

their persons and property which was assumed and ; 

king in the most oppressive manner. They however — ce 

and hold land, subject only to the right of the king, whatever sot 
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be, to levy heavy taxes on them and seize their lands were not 
id. By the act of the 55th of Henry III. the Jews were q 
incapable of purchasing or taking a freehold interest n 
might hold, as in time past they were accustomed 
the cities, boroughs, and towns where “they reé 
3 Edward I., forbade Jews from alienating in 
Christian, any houses, rents, or tenements which they 
disposing of them in any way without the ee 
permitted to purchase houses and curtilages in the cities and 
where they then resided, provided they held them in 
and they were permitted to take lands to 
not exceeding ten years; such permission however was not to 
in force for more fifteen years from the date of 
the time of their banishment no statute has been 
direct terms affects the right of the Jews to ho 
England; and it has been a matter of dispute whether 
Oe rand aon : : 
In , 1828, the first step was taken towards their 
by the Corporation of London rescinding their order of 1 
baptised Jews should not be admitted to the freedom of city. 
From 1831 repeated Bills were brought into the House of Commons 
for the removal of the political disabilities of the Jews, which 3 


Ey 
if 
Haste 


Z 
if 
Mash 


le 
HE 


i 


eE 
ae 


E, 
é 


f 
i 


in 1886 
and 1842 were passed in the lower house but rejected byes saa ae 
9 & 10 Vict. a 


landed property, to endow schools and other charitable fi 
and repealed the provisions as to their dress, the necessity of 
Christian worship, and as to their a badge of yello 
The next year another act legalised their marriages. 
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laces of religious worship were placed on the same footing as those of M 
anid Catholics and Protestant Dissenters, By the Reform Actin — 
erp hag bed eer pene oe eae Scinas, 1800 ake 

e 21 & 22 Vict. cap. 49, passed they were 
made eligible for seats in Parliament, by the omission from the usual 
oath “on the true faith of a Christian,” in any case where the person — 


elected shall declare himself to be a Jew. vee 
The number of Jews in the United Kingdom has been estimated at 
30,000, which is probably under the real number. Of 000 
posed to be in London; ywkife in Scotland and Ireland thei | 
numbers are few. aes e. the regen 1851, the Jews 
England and Wales “yp Abe with accommodation 
8438 worshippers; in =v, , 
67 worshi at Edinburgh. ey are numerous i 
British colonies and in the United States of America. They are 
to be found in evéry quarter of the known world, even in China; and = 
in Morocco and other parts of Africa, as well as in Asia, they arecom- __ 
paratively numerous ; while in very few places is there now any active 
persecution them or their faith. ewe 
J1G, or GIGUE, an animated quick dance-tune, in six-eight time, to 
be found in the sonatas of Corel, Handel, and othe ; 
towards the middle of the 18th century, Ji 


is unknown in modern music; though in a 
date, we are told that it is still in use in England. 
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